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Analysis and Diffusion Model of Silver Photodoping
into Amorphous Germanium Sulfide Film by X-ray Reflectometry
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Abstract
The phenomenon in which metal undergoes anomalous diffusion into an amorphous material upon irradiation

with light near the absorption edge of a chalcogenide in a bilayer film consisting of an amorphous chalcogenide and

a metal is known as the photodoping effect. The layer in which the metal has diffused shows changes in optical

reflectance. In this study, to investigate the influence of the film interface, we fabricated samples using three different

deposition methods. Photodoping processes were investigated by X-ray reflectivity. As a result, layers that promote

X-ray scattering and the formation of surface oxide layers were confirmed, and the diffusion process of silver at the

buried interface was elucidated.

Keywords: Silver photodoping, Amorphous chalcogenide, Germanium disulfide, X-ray reflectivity
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Fig. 1 Schematic diagram of X-ray reflectivity.
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Fig. 3 Experimental setup of light irradiation system.
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Abstract
An artificial photosynthesis system was fabricated using a tungsten oxide photosynthesis electrode deposited by the paste

method, with tungsten oxide powder as the starting material. Formic acid was detected using NMR from concentrated solution

produced by carbon dioxide, water, and UV irradiation. The amount of formic acid produced was estimated to be

257 pmol

after approximately 72 hours of UV irradiation at 6.25 mW/cm?, and the energy conversion efficiency from carbon dioxide to

formic acid was 0.11%.

Keywords: WO3, GaN, Pt, Photocatalyst, Artificial photosynthesis system
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Fig. 2 Time variation of absorbance ratio. The absorbance

of the sample without UV irradiation was normalized to 1.
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Fig. 3 Schematic diagram of artificial photosynthesis system.
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Electron-Beam and Ion-Beam Generation on Inertial Electrostatic Confinement
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Abstract
A fundamental study on using a two-ring cathode in inertial electrostatic confinement (IEC) discharge was performed. Two

different sizes of one-ring and two-ring cathodes were prepared for measuring plasma floating potential and current—voltage

characteristics using a cylindrical shaped single probe. The peak of floating potential of two-ring cathodes was about three times

larger than that of one-ring cathodes. An ion beam incident on a Langmuir probe in a plasma gives rise to an extra knee in the

electron saturation part of the current—voltage characteristics of the probe. At the center of the smaller one of the two-ring

cathodes, the extra knee was observed systematically, revealing that ion beams exist.

Keywords: Inertial electrostatic confinement, Neutron source, Glow discharge
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Table 1 Types of cathodes used in this study.
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Impact Assessment of Groundwater Environmental Characteristics of Geological
Disposal for Coastal Areas
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Abstract

Coastal areas are considered suitable for geological disposal due to their relatively stable and slow groundwater
flow. However, the groundwater environment in coastal areas exhibits complex characteristics that can significantly
influence the nuclides migrating from a disposal site. One key characteristic is the saltwater-freshwater boundary
formed by the density difference between saltwater and freshwater, across which groundwater flows behave
differently. Moreover, this boundary shifts over time as a result of sea-level changes. In this study, the groundwater
environment in coastal areas was characterized through density-dependent groundwater flow analysis, which is
considered the influence of salinity-induced density differences. Based on the obtained flow field, nuclide migration
analyses were conducted, assuming that nuclides are released from two disposal sites, one located inland and the
other offshore, and migrate through groundwater to the biosphere at the ground surface. The results show that,
particularly at the offshore site, the migration pathways of nuclides are significantly affected by the temporal
movement of the saltwater-freshwater boundary. This shift leads to notable variations in the resulting dose to the
biosphere, indicating the importance of accounting for dynamic coastal groundwater conditions in safety assessments
of geological disposal in coastal areas.

Keywords: Geological disposal, Coastal area, Groundwater, Density flow analysis, Nuclide migration analysis
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IStep 1, Geological structure modeling ]
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lStep 2, Set of boundary conditions I

{

lStep 3, Density flow analysis and particle tracking l

(

lStep 4, Nuclide migration analysis l

Fig. 2 Overall workflow of the analysis procedure
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Fig. 3 Coastal Model Structure (EL: Elevation)

Tablel Parameter & Value (Density flow analysis)

Parameter & Value

Rock Granite
Coefficient of permeability (m/sec) 1.0 X107
Porosity (%) 2.0
Specific storage (n!) 1.0 X107
Anisotropy (°) 0.0

Longitudinal : 100
Horizontal : 10
3.0x 1012

Dispersion length (m)

Diffusion Coefficient (m*/sec)
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AWFIECIL, WKHELTh 2 B8 LT Tk L LT, 21
D OFFIECHEETRARNT 2 M L7=. Fig.4 122 2O FEICE
WO T WIS E 2 e BER S A~ 3. — I, HiF
IKEBRBE D W28 & L 7= AKBEIRAT IC B WV T, BERS
e UCKBEES Y —EE L THBEERRAEHEZHREL,
RPN & & (S H K BRBE 2 R AIC R BL L TRBATIRIK 4 7F
flid 2 FERRE SN TND. 2T, AFETH EFLOF
HEBEC, R D &I T REREE 2 BE L Tk UE
BN K DR IEAL DB % B LT it % s L= (LA



G IERH] - E R T

Me, ZoFErEEERET LV ERET D). BEERET
T, BT VOMBREREZBKERE L, EESHEAM LD
roEHoMEmIE, —ERRERERE L. 2, 1
KALE D b FOWRE & 2D MFBRICIE, EOBELZEEL
TZESIKBEEEERZHE L. E5I12, %Bik3 5k T8
FRERAT TUE, B OIS 1.4 TR TR 25 Bt
BICRAET D Z L AT L0, K2 RAT 5/
& T OUFARNAL DAV UC, BRI K OVE ) KEAE
EBEROBERME LT LN M2 ERT5 2 & T,
HEKMEL B O MZE (L 2 BE L. Zhick-> T, BEER
ETLTIE, ERBEROBE A Wi a2 ks U TR
DT ENRHERS.

LU b, EEOW/KMELRSTEEICA U288
THY, HEEROBEHLEFGNLR O TH D, T 2 TR
ZECIE, MRV T /K MEL BN X 2 R 72 i K AL
DOBAITHIG U, WEEICERE SN2 E S K IEE S B & &
HICET HEEBER G2 EA L, Ei ek R o
BEIZEE UMb EE Lz, O, TEERET L&
FERT5.) ZOTFMTBWTUE, AN ORFREIZELIE
U CHMERORERMBEL LTS, LrL, ZOFETE
FHEAMNRE S, MTKRBI ORI L % ik 3 5
BATRAT IR B S DB, AT M2 D &y O 3RS
FAET D, Lo T, BEMICE(LT 2 T/KRREE FTOBITR
ORI %, KRBT E TITo o FHlITITE AL
VN, 2 2T, W OB T L Ok BENRAENT OSSR &
i+ 5 2 L2k, FEHOZWEEERET LOFELD
BRSFIE OB TOZYNE, D WIXERBEOH FKERES K
DEFEICKM LTINS EEZDNDIETBEERET LOEA
DLEMEIZ DN TELET B,

I Fixed Boundary Model ]

[Rainfail]  c-o0

Freshwater

Seatevel  [Presurebead] .,

Saltwater

Slope
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Fig.4 Set of boundary conditions on the ground surface
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Fig.5 Locations of repository and particle release points
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Fig. 6 Nuclide migration pathway
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Table2 Nuclides considered in nuclide migration analysis

[4n* Pu-240—U-236—Th-232

4n+1 Cm-245—Pu-241—Am-241—-Np-237—U-233—Th-229

Mn+2 Cm-246—Pu-242—U-238—U-234—Th-230—Ra-226—Pb-210
4n+3 Am-243—Pu-239—-U-235-Pa-231-5Ac-227

Sm-151, Zr-93—Nb-93m, Se-79, Tc-99, Pb-107, Sn-126

P Cs-135, Nb-94

* n: Integer
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Table3 Parameter used for nuclide migration analvsis('33Cs)

Cs-135° Parameter & Value

. ) Fresh*
Solubility(mol/T) Soluble
Salt*
o . Fresh 0.01
EBS Distribution coefficient(m’/kg)
Salt 0.001
_ . Fresh 5.0x 101
Diffusion coefficient(m-/s)
Salt 3.0 10
o . N Fresh 0.05
Hostrock  Distribution coefficient{m’/kg)
Salt 0.005
; River 1.1x10"
Biosphere  Dose conversion factor(mSv/Bq)
Sea 3.0x 107

*“Fresh” and “Salt” indicate the type of groundwater.
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Development of Radionuclide Migration Analysis in Fault Scenarios for Geological
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Abstract

In this study, a novel evaluation approach utilizing a neural network was developed to assess the impact of major
uncertainty factors in fault scenarios on the maximum annual total dose in geological disposal. The study clarified
how variations in fault magnitude, occurrence timing, and fault location affect the results of safety assessment. A
more realistic radionuclide transport model was constructed by considering the distinct characteristics of multiple
sub-regions within a fault zone, namely the gouge zone, damage zone, and fracture zone. Based on training data
obtained from numerical simulations using this model, a machine learning was conducted to obtain prediction models
to efficiently estimate the maximum annual total dose. Using this predictive model, an uncertainty analysis was
conducted for 1,000 cases involving various combinations of uncertainty factors such as fault magnitude, occurrence
timing, and fault location. The results demonstrated that, in all cases, the predicted maximum annual total dose was
no more than 12.5 pSv/yr and remained below the reference levels for unlikely events recommended by the
International Commission on Radiological Protection (ICRP). Furthermore, an analysis of the contributions from
each fault zone region to the maximum annual total dose revealed that the degree of influence varies depending on
the fault’s scale and location. These findings indicate that accounting for the number of waste packages located in
each fault zone region is essential for an appropriate evaluation of the maximum annual total dose.

Keywords: Geological disposal, Neural networks, Machine learning, Fault scenario, Nuclide migration analysis
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Fig.l Conceptual model of fault zones.



Table 1 Impact of fault activity on the safety functions in each barrier.

Fault gouge |Fault damage Inpact host
Fracture zone
zone zone rock
Decrease of
dissolution
o No effect
. rate(lifetime: No effect ., )
Vitrified Instant . . (dissolution
dissoluti 360 years, (dissolution rate: rate:
waste issolution dissolution 0.365 g/mz/y) - : ,
rate: -365 g/m’/y)
67.2 g/m’/y)
Lost of safe Lost of safe
) ty ) ty No effect No effect
Buffer functions functions
terial | (sorption and | (sorption and (Same value as | (Same value as
materia rptio rptio! in the H12) in the H12)
diffusion) diffusion)
Permeability
increases by two
v No effect
orders of . .
. (Logarithmic
Natural No natural No natural magnitude mean of the
barrier | barrier effect | barrier effect |(Logarithmic mean .
transmissivity:
of the
- -9.99)
transmissivity:
-7.99)
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Prediction using neural networks |, get variable
Target variable Time of maximum annual total dose
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> Fault occurrence time
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Estimation of maximum annual total dose using prediction results
Annual dose for each zone : (annual dose per waste package) X (number of waste packages)

Summation of annual doses from each zone: (annual dose from gouge zone)+(annual
dose from damage zone)+(annual dose from fracture zone)

Fig.2  Overall workflow for deriving predictive equation.
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Table2  Partial regression coefficients of uncertainty factors for

the maximum annual total dose.
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Fault faul%
Magnitude :)ici:;:grrence intersecting

the disposal
site

Partial

regression 0.81 -0.057 0.46

coefficient
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Active Noise Control System for Noise Passing through Open Windows
with Secondary Sound Sources Installed in the Boundary Walls
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Abstract

An active noise control (ANC) system targeting noise passing through windows is being considered to prevent a decrease in
sound insulation when ventilating by opening the windows. In the case of windows in residences, etc., it is desirable to install
control sound sources around the window opening to ensure lighting, ventilation, and a view. Furthermore, an ANC system with
little change in performance even when the window opening area is changed is required. We propose a method for arranging and
driving the control sound sources of an ANC system, and propose an ANC system with sufficient noise reduction performance
regardless of the window opening area. In the system, in order to control plane wave noise that has propagated from a sufficient
distance, the control sound sources installed around the window section generate only the plane wave component. In addition,
by adjusting the gain for driving the control sound sources, it is possible to generate only the plane wave component within the
window section even if the window opening area changes. Numerical simulation results show that the noise reduction
characteristics can be improved by using the proposed ANC system. When the system is tested using a scaled-down window
device, the noise reduction characteristics are the same as those of the numerical simulation results.

Keywords: Active control of noise, Open window, Plane wave, Noise reduction
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Table 1 Gain values for control sound sources

. Casel Case 2

Gain

100% 50% 100% 50%
Gl 1.7 0.5 1.0 1.0
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G5 1.7 0.5 1.0 1.0
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Fig. 4 Distributions of sound pressure levels at 287 Hz
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Fig. 5 Distributions of sound pressure levels at 573 Hz
within window cross section with 100 % window opening
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AMP: amplifier, S.G.: signal generator, LPF: low-pass filter,
F: transfer function between primary loudspeaker (noise
source) and secondary loudspeakers installed in window,
C: transfer function between secondary loudspeakers
installed in window and error microphone,

e: output signal of error microphone,

LMS (Least Mean Square): adaptive algorithm,

W: transfer function of ANC controller determined by LMS,
CA: secondary path filter analogous to C,

A/D: analog-to-digital converter

D/A: digital-to-analog converter,

Fig. 11 Block diagram of proposed ANC system
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A Study on the Effect of Angle Plies on the Impact Absorption Performance
of Thin-Walled Cylindrical-Shell CFRP Members
Using Unidirectional Continuous Fiber Prepregs
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Abstract

Carbon fiber reinforced plastics (CFRP) are known to be lightweight and strong. Previous research has shown
that CFRP exhibits complex strength characteristics depending on the conditions at the time of lamination, which
change depending on the orientation of the laminated fibers and the order in which they are laminated. The authors
have been studying the application of CFRP to the crush zone at the front of an automobile. In this study, we focused
on CFRP with carbon fibers laminated at a 45° angle, and produced test specimens with different numbers of angle
plies. We measured the crushing behavior of these test specimens using a drop weight test and examined the effect
of the number of layers of angle plies on the impact absorption performance of the component. As a result, within
the scope of this study, it was thought that not only the fiber direction close to the direction of the impact by the drop
weight, but also other fiber directions, including the fiber direction at 0°, would be supported, making the material
more resistant to impact. It was also found that the crushing process was different even when the amount of energy

absorbed relative to the amount of crushing was the same.

Keywords: Material, Carbon fiber reinforced plastic, Impact absorption, Uni direction, Drop-weight test
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Fig. 4 Before calcination process.
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Fig. 5 Photographs of manufactured test specimen.

WIZT Y —F—r 2T, 7Y —F—rmRxt7Y
VAN ER 7)—# I AN X > THEL
BRNEIET 272DV ) —RAT7 4 VTRHLGLERD D.
ZLTHZE 5|%T57’_ W28y 77 4L AU D i EWE
km%f@%574wa BRIZT 5. ZZFEFTOEE
METL, BZERTOHR—AENRNy 77 0 )L AIZHD
T Fe VT B s SR EEE Fig. 4 1R, R
I3 ST OERL, SEITOEREIT- 7. EEICRME
L= % Fig. 512”7

3. BMEL=CFRP BRI Y &% EHAER

3.1 EEEHRERE

R 2 REERERBREEO THICHRBEL, 2 —Ft
b (FEREER LC20TV) ICTHESY, L—VEMES
# (KEYENCE # LK-G500) ([ CJEEEZME L. L
—PEMNE Y OREFELTID, SNz e —
Z (KEYENCE # LK-G3000) # M\, HF=2=v k
(KEYENCE # KZz-U3) #&ERICHWD. £/-, 7—X
o % — (KEYENCE # NR-500) # W CTF—% & H 13
%. Fig. 6 ICWERIE, v — R/, L—FEALr 25
to, WHARBPEEOGTE KR O EZRT.

3.2 EREMH/LAE

CB OJEVRIIFHPIRR THHERT LI LN TE IR, K
R CITEBEO BB EOMERKEL TR T 5720, #
BB O —FTh 2 EHERBR AT - /2. KEEFHBRRR
To2&T, RBAICHLCHFR»LOTMEZMZ D
ZENTE, RBPAOEEEHRT LN TE D, A
FeTIL, BHERICHIEE 2 522 VWHBE TN THDH. A
H% T SELHEOE S % h[m], EHMEE%E g[m/s?]
EF D&, B ICEZET B KR O VSRR O E v[m/s]iX
wATEEND.

=./2gh Y]

HARENTHEAL TV HEMFHOE LA 30 km/h
UITFOEEH THRAELTWD M. F7=, SRITTEERZS
HEHE (ASV) ORENHEL, EIEEERR T L —FIC X
%, Wi 5K T O/E R FEEOEISEMN RIAEN S

25)



—FAERRE Y 7L 7 R W T (S5 CFRP S O 7 v 7V 75 12 L DEERIERE~ 0D A

Fig. 7 Photograph of specimen fixation method.

PLEX Y, RER T OS2 10 E U, %8R o2
HWEE2BLZ 25 kmh ITRET D70, X)LV HHER
SF25m b L. F, THFERLY, ABAIC+H07%
WRE G252 LNTE, NOBEITWE ST ITHME
DOEED T vt A &R T D EMEROE &% il Lz
LZA, 179kg THDHZ ENbhole. DO, KE
BRCE A %A ERIZ 179kg & 55, RER A DIH
ENL Fig. 70 X912, EERICIKEAEE U7 A 2 H
WTITHo =,

3.3 A&

HBRICKL > THELNET—Z % b LI, i E & ftd, 2
N % REED IS B U7 for B — AR OMERR 21795 . 22
THWAHREL L, HEERPRBRAICEZ CVWDHEY
FHlT 20Tk, WP BSEEERD D OEBITIMT X
HRDEFHH LTS, £, ffE—EAHRX O mE,

KBAOTRALXRINETH Y, = R FRINE— 207
M EERTAZENTES. AHXTIE, 2hb 2o
OB L - TG TS .

4 RBREBRLEE

JEATHRTE D B, TR E SN 2 5 MUV ke 7 1F1 23 2
KEENLIRBA TEWERRRERAGOND Z L&
ERLTWS. BEHRTHS 0°L 0 45 DIEH 0%
PERIC L A BEOFME[ENENTZD, 5D HE
45° OREBE N Z T NIZZ VI EREY — 71T KEL,
JEBEII DL 2D B2 LN MERITR R 572, Fig.
8 12 5 FMHHOWBA O E —EMNRKEZ /R L. [FX(a)
IZEBR A A[0°/0°/45°/0°/0°], (b) I FXBR A B[0°/45°/0°/-
45°/0°], (c)IEFABR A C[45°/0°/-45°/0°/45°], (d)ITFkBR H
D[45°/-45°/0°/-45°/45°] , (e) I% X BR /i~ E[45°/-45°/45°/-
45°/45° 1D FENEN DO E —EMRH TH D, £45° Off
B 4 BEEN HRERA D[45°/-45°/0°/-45°/45°|1 DT H E°
— I Wb REL Y, ZoMoRERAITIFIERTKE
SErpot. EBRICELTIEE4S oFBEN 4 BEE
N 5RER T D[45°/-45°/0°/-45°/45°1 3 b 72 <, £45°
OFEE N 2 BE T 5B B[0°/45°/0°/-45°/0°13 % & K
LY, ZOMORBAILIFIERIREE ooz, £45°
DOFEJE N 5 ] DR A E[45°/-45°/45°/-45°/45°11% +45° D
BEar4EoRBr L bAEY— 7 EEHEEHRICNE
<720, =45 OfEN 3 BORBRF LIZERLTC L2
. 2o & L0, BRI L DR G W & AEN
WORHE T 720 TR <, 0° O mE a2 LI
LM M EIFFL, BRI DO TIERND
MmEEZLND.

ZIT, *£45° ORBEN I~5SEoRER A 3 EE, &
B T C[45°/0°/-45°/0°/45°], # R i~ D[45°/-45°/0°/-45°/45°],
B E[45°/-45°/45°/-45°/45°]% Fig. 9 O T 3 /L X IR &
— BRI R Uiz, 3Bk D[45°/-45°/0°/-45°/45°]10 7x,
JEVE &S 15 mm O Y SO 2 FEE & i L
THEAFXRINENRELL otz ZOZLE LY, ZNHDR
B3 FEND, FEENS-EUTTHLIHAIIZED
flifi% CB ICBERNLTb+oiliersRicTeEron
4. F£7-, RBRA C[45°/0°/-45°/0°/45°] &L RBRA E[45°/-
45°/45°/-45°/45°11%, JEIERICKTT 5 =R VX WINE HIF
ES LW SR L 22 o 7. Fig. 10(@) IR BR A C[45°/0°/-
45°/0°/45°] , (b)IZFRBRJT E[45°/-45°/45°/-45°/45°] D P& G
B THROBEEE2RT. 20 2 SORBAITRBFE LD
BEIZIZEE L R22ICbMbLT, EHEOETDER
HZ NS, B C[45°/0°/-45°/0°/45°1 1 fififE A3 24
BT 2 L 5 IJEE LT izoloxk L, B E[45°/-
45°/45°/-45°/45° TIEMEME S I TR S T Wiz Z e vb
MWD, ZOFET, R E[45°/-45°/45°/-45°/45°1 8 [E.AZ
DHEHES TN ZAEICHEB IS N TWD D TRV EE
Zbhbd.

5. #&

il

AT, KER TOERERICH T 5 CFRP % CB



KPP B - A W - s - B OSCE - MR 5 - B MIE - IR 65 - pE IEEK

25 500
20 = 9%
Z s A = 400 ~
=] ‘\ =
ERC /\ AT 5300 ~
i IV/ERWANA S 9,
5 A\ AVl \/ E /%
. ; 200 /5 =
0 O e T D A / ——(C:45/0/-45/0/45
isplacement [mm] LE 100 204 / — \E:45/-45/0/-45/45
(a) SpecimenA[00/00/450/00/00] 0 // / ""D‘45/-4‘-5/45‘/-45/‘45
55 0 5 10 15 20 25 30 35 40 45 50 55 60
Displacement [mm]
20
A /\ Fig. 9 Relationship between energy absorption
= d displacement
AN A ! i i
s J NS N
0 \
0 10 20 30 40 50 60 70
Displacement [mm]
(b) Specimen B [0°/45°/0°/-45°/0°]
25
20
éls /\ll
§10 / \ \v\l\/’m\vf‘
3
T\ ;
0
0 10 20 30 40 50 60 70
Displacement [mm]
(c) Specimen C [45°/0°/-45°/0°/45°] )
» A 3 g‘ﬁ By .V :
Y J \ (a) Specimen C [45°/0°/-45°/0°/45°]
Zs A
I OA
= W M)
0
0 10 20 30 40 50 60 70
Displacement [mm]
(d) Specimen D [45°/-45°/0°/-45°/45°]
25
20
é 15
T fo " M AN .
TR YEAWAAYAY
VYV M
0
0 10 20 30 40 50 60 70

Displacement [mm]

(e) Specimen E [45°/-45°/45°/-45°/45°]
Fig. 8 Load displacement diagram of test piece.

e -

(b) Specimen E [45°/-45°/45°/-45°/45°]
Fig. 10 Photographs of test specimen after testing.



7 EEEME Y 7V 7 e TS A PR CFRP S D7 2 775 AT K % BRI RE ~ D R

T, BREENER URE - MIEE BB 57012 EER
E{To7=. UD 7’V 7L 7 %A= &% CFRP B %
STREEERLL, 2 oo L TR O® 22 2 B L =%
HER R ATV, B OB OEWIZ X D BB ERE
DOEIZEAT 2T 21T o T2, FOREE, KR SToO#MIC
BWTIIE RIS X 2 @O J7 (& B3 IO ke 7 )
TR <, BT OMHEC X0 o RkMEDT R & SR
L, IR0 TIERVWhEEZONDS. T2, £
HEIZXTHZRVFRINENELWVWEETH-TH,
JEIBBBENRRDL 2 ERHREINT-

ATV 2 b—va VR E T IENES STV
W, BRREBRIC X 0 BB OB A T o2 L L7
b, EBMERL I 2L —a URFHEDOZ YL, R
WCHRE LEREITOXLERNH D EEZEZTEBY, Zhns
BOBBEIZ/ D, N2 T, CB & L CEALTIEIC#EY
RIEEBRECH A OBRE, AMESSHEHIRER O KK
E~NOEBEERFTL THETZU.

ZE Xk

) B R, BEA R, EEME-EA LI & A
D LR, FEE MR A1, pp.73-76(1986).

2) A== LU LR, CFRP O & R
https://www.super-resin.co.jp/cfrp/properties/

3) WH KL, R A, FRP MfE O E# L WICB T D
TARF —RIURE, AABIR ARG CE A R 64
% 619 5, 819-824(1998).

4) B R, RAK £, EEEENGTELZZT5HE
BRI RS OBIRIRE, AR SR SR
AT 59 (558), 454-460(1993).

5)  Hf CEm, BRA E—, BERAMEXTLT TN
7T A BB MR OBRSE, Kl KA TR
32 (1), 191-200(1992/10/30).

6) BN BRIE, A MK, SFRki{L CFRP A2k
DREAEST DY o T RO, BAESV B SES
30 (3), 120-125(2004).

7)) ELs@A, MAZATBOE A BB RS REAS, A
FE T & X A N GE LR A R RALL AR I N & ST
% Hi47(2020).

8) HEHIK®EAE, FHOEREIFMD 7 7 7 ECEK 16 4),

5-48(2005).

9) EhZZ@E, B 6 FHEl - AKIFMOEFHERIC
SV, (2025).

10) BEHE, F 7> bl 5erRE o TR E o 58 AR

DU BT 2 BRIV, A BB RIN 2R, Vol.28,

No.4, p.117-122(1997).

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

AKEE, KRER, STz, SRS, RHE,
I=A—OTNT Y THTHERFICRB T D RAEE
BT o M%E, AARZEBETEREE F19k% F2
5 42-52, BRIILAE.

Ahmad Baroutaji, Mustafa Sajjia,Abdul-Ghani Olabi,
On the crashworthiness performance of thin-walled
energy and future
developments, Thin-Walled Structures, 118(2017).

& mF, B E—, A 8%, AEHEO T M
A RRA VN CFRP AL O W R IR & T, B AH
A EEEEE 34 (2),  51-59(2008).

Hongyong Jiang, Yiru Ren, Xiaochuan Liu, Qiduo Jin,

absorbers: Recent advances

Enhancing residual energy-absorption of perforated
CFRP tube by a critical transition of failure mechanism,
Composite structures, 253(2020).

gk MBS, RATRERS, 3 CFRP B MEATRS EE o1 |,
CFRTP Ok = X kAN LEIF O BRFE (55 7 #)
mE A, AR B, R FA, fE gk, IR
Prah, FRP FEJE K OB &SR OMT, MiEFEs
55 40 (1), T7-T12(1984).

INTEAEENE N BENEH TS, Reduced Model (2 X%
Il T 1B 22 IR oD SRS T T AT O BR 3%, B B B
D SCE 50 (4), 1102-1107(2019).
NEEAEENEN BB RIS, 1180MPa Mt & iR )
SRR 2 3 F U 72 = 0 b X — WG B 0D 17 29 4 RE BT,
H BT 250 SCEE, 54 (6), 1133-1138(2023).
FEE |W, AU esE, Rt ®, flfREhENEATE A
S 2L AR ERBEEEEM OB = R L ¥
— R U R, #R4JR 55 (6), 252-258(2005).

W BT, FE mE, WREEMEE A ST 5 B
Ry MY A R A Sl o 5 R, BT
KEACE TZE, Vol.49, No.2, pp.73-80(2009).
BROHCHT, fih2 4, s AR AR 2 AT D
SETRIWL A O I EVEFFE, B AR S SR,
%774, %774 %, pp.261-270(2011-2).

B fER, BEH %W, PS26 SREWIHR & FFoE
MATZa Ly M A RA RO T L F — RN R
(RAZ—% v ar), M&M MBS 7 7 L
A 2008 (0), PS26-1-PS26-2(2008).

RVr B, @& MR, AR M, bR 5, BE M
M, INEE SRS, RE OIEAR, —FmnEfeiiEy o
L7 % DT P %% CFRP BBA4 0 B2 1) 2 7 B
INPERBIC 5 2 2 BT T 20198, B R E
T.22%R, Vol. 64, No.l, 35-40(2024).

E+TARZWE, FROREIFMD 77 7 FCER 16 ),
5-93(2005).

HLtx@d4a, B8 ERERTE2EH,
https://www.mlit.go.jp/jidosha/anzen/01asv/#plan


https://www.super-/

IR AL B L
Vol.65, No.1, 2025, pp. 49-54
DOI: 10.18995/24343633. 65-1. 49

TAT 7L AT WA 7Y » REHH
1l AT MBS B RS

2 g

NN o 52

D IS/

A Basic Study on a Power Distribution System
Using Differential Gears for Hybrid Vehicles
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Abstract
Hybrid systems, which use multiple power sources including an internal combustion engine (ICE) and electric

motors, are installed in many vehicles due to their high efficiency and practicality. Series-parallel hybrids currently

on the market have a structure that combines an ICE, a drive motor, and a generator motor. However, due to the

mechanism, it is sometimes not possible to convert all of the power generated into driving powere, which poses issues

in terms of output characteristics. Therefore, this study propose a hybrid system that uses a differential gear

mechanism. This system can use all of the power generated by the three installled prime movers as drivinge force,

which is expected to improve the dynamic characteristics of the vehicle. We developed hybrid system configuration

that uses differential gears and investigated the output characteristics through simulations in three driving modes

corresponding to driving conditions. As a result, it was confirmed that the proposed system can achieve higher output
characteristics than conventional systems by integrating power sources.

Keywords: Power transmission system, Power distribution system, Hybrid system, Efficiency improvement,

Output control
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Fig. 1 Schematic of conventional hybrid system
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Table 1 Hybrid System Operating Modes and Utilization

ICE Motor 1 Motor 2

Proposed EV X A O

System HEV O O O

ICE O X X

BYD EV X X O

DM-i HEV O X O

ICE O X X

TOYOTA EV X A O

THS II HEV O X O
ICE

Table 2 Specifications of Motors, and ICE
Torque 7 | Power P Rotational speed n

Motor 1 70 Nm 40 kW 18000 rpm

Motor 2 210 Nm 120 kW 18000 rpm

ICE 146 Nm 82 kW 6000 rpm

3.2.2 ICEE—F

ICE & — FIFI Fig. 712”9, K 9 IZ ICE B S LT
W% DGI O Differential lock 1 Z##i &4, DGl DAL
HEE R AR ESES. 2 DOFE—F OEREKEY)
Wrd25Z & T, ICEOH N ZEEERENIZHHT 5.

3.2.3 HEVE—F

HEV & — REFX Fig. 8 1273 X 512, ICE & Motor 1,
2MFEEFCH AL, DG 1, 224 LTEHRHES S,
B 2B 5. 2 E Y, W vy bRl
KT AHZENAREE D,

3.4 DA Ty FORTLEDLELE
BERTAHAZVATLAEERD YV AT LOFKE— RITHiT
D& IRENE DO BREN J) ~D A 5-% Table 1 (Z/Rxd. XD
OWRKFREFE OB ) 2 2 THRENNICFIATE, AXZ—%B
NFACTE, XIIFATERNZ & E2RT.

ka3 &®d THS A7 AFA 7V v hEFRXAEFEL LT
B9, EVE—FRKL HEVE— FEZFEBAETHIN, =
VULEBIRFICIE 1 DO —F BNEHE L L CREEK &
MO BTN ERS D0, ICE E—F (v
CEBEERE)) ZEITE ARV, BYD DM-i &R E D i-
MMD 72 EDRZ LAV FREBRH L TEBSY, EV, HEV,
ICE E— FCTIEBARET, 1 DOE—ZIIHREHFH L L
THERET 5. R+ 52 A5 A%, EV, HEV, ICE &—
FCHEBIIRETH YW, HEV £— FTIX e TOFIE D
&) & il OBRE IR TE B,

4. 22— aVITLBRELE
VATLO ML RHEICET SRE

413aL—2a gl
BRERLEVAT AOBARKHEIZONWTYIab— 3
NZR D REEIT o BB THUAT AIZICEL &

250

200
—
=)
Z. 150
—
E
=
g 100
g
=
50
0
0 4000 8000 12000 16000 20000
Rotational speed 7m1 [rpm]
(a) Motor 1
250
200
—
g
Z. 150
—
£
=
5 100
=
o
5
Hso______\\\\\\\\\§-_—
0
0 4000 8000 12000 16000 20000
Rotational speed nm2 [rpm]
(b) Motor 2
250
200
L}
g
Z, 150
go /_/\
2 100
=
5
=
50

0 1000 2000 3000 4000 5000 6000 7000
Rotational speed ne [rpm]
(c) ICE

Fig. 9 Relationship between torque and rotational speed in
each power unit for proposed hybrid system

X QEABEHL, T4 7L ART 2 HETH
HOHA%AT 5. EH L7 Motor 1, Motor2 & ¥ ICE &
RRK MV, ERERE, % Table2 (2, &IREIED
mlsdk & by OBMR % Fig. 9 1IZ7R"9. [[[X(a)ix Motorl
BT D bV T Ty [N m] & [Bl#E5n,,, [rpm], [7 X (b) i
Motor2 (Z81F 5 bV T[N - m] & BlEEEn,,, [rpm], [F
K(c)HELICEIZH T D bV T,[N - m] & El#EHn, [rpm] D B
fRERT. 2D OB O R IT BYD QIN L DM-i )
BRE)E— & L 3EH, ICE X~ Y & @ Skyactiv 1.5G = >
Vo EBECPE L. ICE & DGl okt & 2:1,
Motor 1 & DG 1 OB # i, % 6:1, Motor2 & DG2 g
ttiz% 3:1, Final differential gear OB i id 2:1 & L7z



B R R pRKH IEAK

A28 VRATLOEABEOES

REINTZVAT A ELBEFO BYDDM-i, THS IZHW
TEVE—FK, HEVE— FIZBW TV AT 2D hv
7 Tsysmode [N * m] 3 & ORI ngy s moge [rpm] & 715 L 7.
B, Tsysmode> Msysmode® Sys FHERLIAAT Y >
Ry AT LD FH(d:DM-i, t:THS, pIRE L1723V AT A)
%R L, mode 13 #17E — K (EV, HEV) & /R 7.

421EV E—F

BYD DM-i ® EV &— FIZEB T BHE i 1% 12:1 TH
D, WO X HICEHLE.

Tmz*m
Taev = nzd_Ean )
Ng,py = . (10)

laEV

TOYOTA THS Tl, AT ADOH# i gyld 12:1 &
L, FE— FOHAEHZEITS My & EEEEITRXT
Rahs.

Topyy =222 (11)
Mepvi = (12)
Tegve = 7%1*717;1;:?2*71“ (13)
Nepyy = —o (14)

itEV2
BRIV AT LD, EVI,2E— FO L7 J O] #5H B
WU RT.

Tmaz*n
T — m2 m2 15
p,EV1 NpLEV ( )
Nm2
n = —m2 16
p,EV1 ig*i, ( )
Tm1*Nm1+Tma*n
T — mi mil m2 m2 17
pEV1 NpEv1 ( )
n, n
— (Z:rilzl+ ::2) 18
NpEV1I = 20, (18)

4.2.2 HEVE—F

BYD DM-i Ti¥, HEV E— RNIZHTF 5, WEtigueyv:
41 THY, =V ET—FBOWBHE i ey 3
1 ThHY, KDL IICHHENS.

Prcg+P,
Tappy = = — (19)
n
NgHEy = ——— o —— (20)

id,HEV1*id HEV2

TOYOTA THS Ti¥, HEV £— FIFlcBIJ 2= P
L Motor2 BEIFFICH A ZRAEIED. ZOE, =Y
O TIDO—F A Motorl IZXBFHEICH O OND E LD
2, =M MV OB ITON D, BEESR O
i geyld 4:1 TH Y, Motor2 & 1D kv K OVE]
HRHE LR TRIND.

Tmz2*Nm2+Tice*NcE—Tm1*NMm1 (2 1 )
Nt HEV

Tenev =

n,
Nt HEV = it:};v (22)

WETHY AT LTI, HEV £— RERIZE T 5 ICE,
Motor 1, Motor 2 & IL|ZH [ 2 BRE T 554 @ H iz
BIFD b s ROEEREE &2 R U RT .

_ Tice*nice+Tm1* N1+ Tz ¥Nimz
Tpuev = - (23)
PHEV
nICE, nm1
(( it 1[2 )+"m2)
— 2 i3
NpHEV = iy (24)

43 Y2al—LaoiER

WDV —R e XS ANAT Y v R CTIE, ICE
EE—HET T FICL o CERT DTN N TH
5. ZOHK T, EVE— FK»5 HEV E— K~D41 Y
BRZEEIS, ICE X EFRENL, et — 2L —%
LRI T v TFREREND. LERn-T, =Y
MBS 7 Ty FHEHGE TORM, ICE @ b7 (ZERE) iR
WEZEEINT, FOMICHOBEINFEAET 5 AREMED
bbb, KFRTIERETHVATAE, T4 77y
WNET #ISLTICE & E— X NWHEFREH SN TE Y, ICE
IRENE s D EE O H 1% SRk L CHEN A BRE AT EE T H
5. ZOMRIZEY, BEEFFO= RV —a X EIf T
X5, AMTIEZoOFEZWMEICT 5729, Fig. 10127
ZyFHFREOHDEEZRL, RKidotd 5 HNIE
b2 ERERIZEEM L7-. AL ICE 48 (FfE64G), Wi
ICE OIWREIET, @I1I7 7 v FHERT. T O T
VRIERER R S RE LT ICE OANMEE L —E L L,
— % H 72 ICE D ARG ME D e @ E ISV . 0.01 FH C 50rpm
DOMRT—EIIE LD E L THE 2T 7.

EV &— REHTICBWT, BYDDM-i & A7 LD EV F
— F, TOYOTATHS A7 LD EV E— R ELIBERI AT
LAOMAOEEEERENEL L, HAthoBREES & N
7 DR % Fig. 11 12779, BV F— FICIT 5 K i
TIE, RV AT LI BYDDM-i &L TEW ML
ZH\WT, TOYOTATHS L [H%D M7 BitEERT. &
TR IE, 2R AT A7 BYD DM-i X O TOYOTA
THS % Bl % bV 2 K L, & 5ICIAW R % 5
BHLTW5.

HEV & — REEHTICEB VT, BYD DM-i & 25 A D HEV
E— I, TOYOTA THS ¥ A5 LMD HEV E— N LR
A7 LAOHNOFEEEZENEREHR L, Hdho ek &
rV 2 DR % Fig. 12 12”73, HEV £— FIZBWT,
BRI AT LADOKRE /1% BYDDM-i, TOYOTATHS & Lk
BT 2L, TXTORMELEE ) ZRILTE D720,
HESEE TE Y SRR MLy b KRR & SR
T&ED.

WIZIRE LTV AT LD EVL, EV2, HEVE—FDE
J oo by s LR OBRE Fig. 13 R~ 7. 1BE
VAT ADEET— RICBI SO ERE LR,
EV & — KTl Motorl & Motor 2 75 R ICEREN 9 5 B IL
Motor 2 DA TERENT A Z & LD EW ML R TE,
XV REBEEOEE CEIRT AN TELZEE



T AT 7LV VX T BN ANA T v R HE) 0 2T MM 5 EiEsE

250
----- proposed system conventional system
00— 0 _—
Ll ’
= 150
- ‘
— e
- | A--0 e
o /
= 100
o /
~ /
50
0
0 5 10 15 20 25 30 35 40
Time [s]
Fig. 10 Power Output and Event Timeline
in Engine Start-up Process
4000
——— ALL EV Only Motor2
- - -THSEV
— 3000 Motor1+Motor2
E Propsed EV
El Motorl+Motor2
22000
<2
=
)
2
3
£1000
o
0

0 500 1000 1500 2000 2500
Output Rotational speed [rpm]

Fig. 11 Relationship between output torque and rotational

speed in each system (EV mode)

4000
~——— DM-1
ICE+Motor2
— = =THS HEV
'E 3000 ICE+Motor2
Z Propsed HEV
— ICE+Motor1+Motor2
=
o 2000
=
o
=
]
=
3
£.1000
=
o
0

0 500 1000 1500 2000 2500
Output Rotational speed  [rpm]
Fig. 12 Relationship between output torque and rotational

speed in each system (HEV mode)

iz, HEV £— K& EV E— K& [k#gd 5% &, HEV &
— RI3K#E T, EV £— FX Y b7 BMMEWEES S
N, LER->T, BEV AT ANEHEE TETT S
BRICIZ BV E— FZ2HAT 2L THRLCEKRTE D
LEZLND., HEBEER CAEITT DX ICE & AH)
SHDHZLET, LVKRERIAVT EJRVEHEEREH WD
ZEMTEDL. O D, WHEMETTR Y OKEE
WS AR & 7 B AEATEREE TIX EV £ — N2 A ICIE T

4000

Propsed EV
Only Motor2

3000 — — = Propsed EV

Motorl+Motor2

ICE

Propsed HEV

ICE+Motor1+Motor2

1000

Output torque T [Nm]
S
8

0 500 1000 1500 2000 2500
Output Rotational speed  [rpm]

Fig. 13Relationship between output torque and rotational

speed in each system in each mode

L, @B~ OBATICHE S B ER OB KIZE U T HEV
F— R CETTAHAIERFRTHLEEZLNS.

5. #&

il

KL TIE, TA 77 VoY AXTEER L8
SEAEAIRR L. Y Ial—ya Itk FED Y
Ue=RX e RTVUANAT Y v R RAT L EH DRI
WA L2k, 2 £oT—# & ICE % [A RIS
AT 2RUTTCHOVHIBERIEOND Z L ZR LT,
RelZ, mEHEREIR O IIRENENL TN D Z & DER
T&E. SBIEIFET— N2 LOL&ETH D2 -BIC%)
FELEFTTEXDLIONCOVWTHREEITo> TN L .

ZEXH

1) C. Nayanatara, P. Shanmugapriya, G. Gurusivakumar
and B. Thiruvenkadam, Design & development of series
Hybrid Electric Vehicle, Energy,2014 International
Conference on Computation of Power , CD-ROM,pp.
114-117(2014). Chennai, India

2) Y. Zhang, H. Liu and Q. Guo: Varying-Domain Optimal
Management Strategy for Parallel Hybrid Electric
Vehicles, IEEE Transactions on Vehicular Technology,
vol. 63, no. 2, pp. 603-616(2014).

3) L. Chen, F. Zhu, M. Zhang, Y. Huo, C. Yin and H. Peng:
Design and Analysis of an Electrical Variable
Transmission for a Series—Parallel Hybrid Electric
Vehicle, IEEE Transactions on Vehicular Technology,
vol. 60, no. 5, pp. 2354-2363(2011).

4)  Munehiro Kamiya: Development of Traction Drive

Motors for the Toyota Hybrid System, IEEJ Transactions
on Industry Applications, vol. 126, no. 4, pp. 473-
479(2006).
5) G. Lu, D. Yang, Y. Rong, Z. Gong, Development of
an Intelligent Thermal Management System for BYD
DM-i Hybrid Engine, SAE Technical Paper, CD-ROM,
pp-10(2021) Live Online Pennsylvania, United States



HOER L B 50
Vol.65, No.1, 2025, pp. 55-60
DOI: 10.18995/24343633. 65-1. 55

TIT 4T — b AR g 28D
B/REE ) T 0 OF Y O E

(= A B — DAL D

o EOE
RE T

J¥ 5] FH
RS = =

AT A
HE ST

2 ISRy )

Mk AR ET

IR R

gk BERT O pkE IESC

Improvement of Ride Comfort of Ultra-compact Mobility Vehicles by Active Seat
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(Consideration of the Effect of Masker Phase)
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Abstract

Improvement of ride comfort for ultra-compact mobility vehicles is required because such vehicles can

easily enter narrow and unpaved roads, reducing the driver’s ride comfort. Furthermore, vibration control does

not always guarantee a comfortable ride for all individuals. As a solution, this study proposes an active seat

suspension. To date, our study group has conducted investigations focusing on frequency, jerk, and acceleration

amplitude. However, achieving more accurate control will require additional areas of investigation. In this study,
LIR, a stress index obtained from differences in cerebral blood flow, and LF/HF, a stress index obtained from
ECG heart rate variability, were used for the evaluation. Specifically, an experiment was conducted on nine
participants in which the phase of 2 Hz and 8 Hz maskers was varied while they were exposed to unpleasant 4 Hz

vibrations. The influence of masker phase on driver ride comfort was examined using biometric information.

From the results, an improvement trend was observed in both 2 Hz and 8 Hz masking, but there were differences

in the effect depending on the phase, and a phase with a large improvement trend was confirmed.

Keywords: Ride comfort, Active seat suspension, Electrocardiogram, Voice coil motor
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Expanding Runway Capacity at Haneda Airport by Optimizing Landing Order

and Runway Selection

by
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Abstract : In this research, we propose a new operational method to alleviate the problem of runway capacity pressures at Haneda Airport caused
by congested air traffic. We aim to improve runway capacity by optimizing the sequence of landing aircraft and runway selection while taking into
account wake turbulence control separation, and by minimizing landing intervals. Tabu search was used as the optimization method. Simulation
results showed that the optimization increased the landing runway capacity by approximately 19% to 37 aircraft per hour, and the maximum number
of takeoffs increased by up to 22%. This showed that the number of takeofts and landings per hour could be expanded from the current maximum
0f 90 to a minimum of 95 and a maximum of 99. As secondary effects, a reduction in fuel consumption due to shorter flight times and a reduction

in delays due to airbome waiting are also expected.

Keywords : Air Traffic Management, Tokyo International Airport, Runway Capacity, Landing Order and Runway Selection Optimization
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1.1 &=
MIZEBEIFFE AN RAEN, T TIZHEETIEaR
FHETO 2019 A& ERISZFAE LD D, BAROD I 1
— S AIZ > TA B S DICRIHAAMT 5 2 &3 T4
ENb. 20D T VT HIEOBICMET S AAT
AL HIFE EE WP HZER T, 24 ReEEH TR/ 22k
ELTHRAKENS HAR~DA N T REE £7-13
X ETOTHE~OFYMHEFEICHISL, EARO
FELTCHONHEEROKEHENLETHD.
PIHZEHETIZ 2026 FEIZE 14 —IFTLDOYT T A b
RV TEINTED 2, BHEARy OB EILH
2600, WEBHEBROEWIIIER TIER, Z0EF
TITHERE 2T 2 LI TE P, BELOIRITRIA
Wi, BERELELATLIEFZO —DICHERLERE
DbV, ZiuL | Kl HZ0IZ 1 DO ERK LB AT §E
TRREWIB AT, PHEEIZB W T Z O\ ERLERE
B PHAZRH TR EMFEND FIEICESE, Mz
DO EK EARER (BLF ROT : Runway Occupancy Time)
ZIEAEL LCHINEND . EREEO ROT 1%, HREHEIIE
AR O INM FENCEE L TH LR ERK % e 2B+
HZETORMZIEL, PHEETIIBE 115 BLERES
NTWD. ZoOREMEICESE, SEEHEEROEER
WA BT 1 H 720 31 E RSN D, RO

1

¥ AR 2 T R A T R R R
*2 LEERMZE T RIS R R B

RREEILICHEMEE570I121E, ROT OEMHENFLT
5. LML, ROT #HEMET 5 &, HBBILEITHRORE
EIHLHFIARMOEELZT HERENELD. %
AR RIE RTUATZERE S 36 A S DIk D K OFEN T
bV, BEHBOBRIEICKREREELRIETTZD, %
BRILORERFEREHERTOILEN DD, Zhiakl
LKA E I RS & FETY, Table 1 O 22 fk o B BLHIE T
T F 5% 5 E KWK 4 (ICAO (International Civil
Aviation Organization, [E FE BRI AT 2SR RY) M Zesk 7 X 55)
D, TATHEBBRBOMAEDREICE > THRESIND
(Table2). PHZEHRIZIH VT EROBABORINZ FE
BRI D7202iE, BGILKMOEELER L >, ROT
ZHEMET O ENETHD.

ST Z2 O Wy BGE L, R R SR U7z 5 B A
AN SN TS, HTZERE o BERS BRI U e
HEOICHBEREFERTZ2ONEARATHS. JAM XIS
C-EHEREE LT, RUFZETIX15:00 725 19:00 05 H
3 RN AE A S 2 AL ECHT R % & B T RR K T O 18 A B
A (BT, JbRvmEEER) 255l L, fiEozodt
JE - TGS R S 9 15:00 205 18:00 % '— 27 BRI & (RE
9 5. Fig.l, Fig2 |ZALBEEH, rEEGEM O%E O &K
A ORI 2R3, JLEGER T, &R AR
34L (LA'F RWY34L) & VEEMK 34R (LN RWY34R) %
AL, BER#IZEER 05 (BLF RWY05) & RWY34R
EHEAT S, bEESCEI, kAR ot » b 0E
FEféid RWY34R %, B 7 V7 00 HARZ & o 6 5 i
NHOEEKIE RWYAL 2M9 5. —J7, EEREHRT



PHZEHRIZ T DA BEIAR & i ER R ORI K 2 M E BB B O LK

X, b6 O E#ITIEER 16R (BLF RWY16R)
%, FVEGHED D OEEMITEAER 16L (LLF RWYI16L)
AL, BEREITWmERK 22 (L F RWY22) &
RWY16R #fEH3 5.

ORI PHERFAEOFEFELZBLAZN L, HIR
Do HHEEKERICEWNTHERZRKIBIZIEHL,
HAEREILR B FTIEEHRFT 22 LM RkOb6N5.

Table |  Wake turbulence category
(ICAO aircraft 7 categories)®
Maximum takeoff weight Wingspan
Catego
il M [ke] s [m]
A 74.68<s <80
B 136,000 =M 53.34<<s <74.68
C 38.1<s<53.34
D 32<s
E 18,600<< M <C136,000 27.43<s<32
F §=2743
G M < 18,600 _
Table 2 Wake turbulence control separation [NM]?
Wake turbulence category
for following aircraft
A B C D E F G
= A3 4 5 5 6 6 8
=
£a B3 3 4 4 5 5 7
T5 C|3 3 3 3 35 35 6
g £
®% D|3 3 3 3 3 3 4
e 8
3 o E{3 3 3 3 3 3 4
o —
=3 g F|3 3 3 3 3 3 3
<4 G|3 3 3 3 3 3 3
1.2 HHEEM

AWFIETIEP H LRI 1T DI B O K IT k% it
L, Wi 2MEFEIHETLH2ZEE2BMNET L. £
DIz, BEMHAEEH TN TED b TV D HRkE
HoRKHREICER L, MRLERELZSE 0% LK
TIC X D BEEE Lz L CHEEIER &8 ERRIRE K
WL, EERLHEREOWNEZ LR TR EN L%
ETH. ZhICEY, PHEEOEEROIERERS.

BRI, P HZEEECo LRSI 5 & O R
BCTOEHIZBWT, 15:002>5 18:00 ¢ 3 FER 2353
LILZEREIZ DWW T, BT ELR IS I bR & B L CAA R
G & EREZ RELT 22 LiIck->T, EleEH
AR (AbEEH To RWY34L & FEGEA ToO RWY16L)
OWERNEREZ NS, RECHEDRT2MHERKE
HEHCTTFEH LA OMEREZRS T ZickY, PHZE
DREREIRT HEBRHEERET D, TOK, W\
BALBERBE OO A EBR T 52 LI L0 FEHKOE
FERJER LW X 9, HAEAFH R AL (Fig.3 OFH)
7> BB E B E F TOTRITRH O MG 5T O &M & -
ZERFHEREIC KD BIE DI b B RE L o ik 217 5 .

North To the north
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Arrival
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From the southwest
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Fig.1 Runway operation for the new north wind route

From the southwest
From the north South
wind

22 16L
16R /
Runway C
Runway B
Runway A
To the southwest
Runway D
< Depal’[ure
Arrival To the north

Total departures and arrivals: 90

Fig.2 Runway operation for the new south wind route
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Fig.3  Tokyo approach control area® and entry points
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ZEHEOWAERER OBUR L REZHAT 5. % 3 HiTI
AW CTRETHME L TNICE Y BEL T2 8ERE
HoTT 5. 4 8 CIERBERE LRI SN T
BB, B S FTCIIBEEEORE L BE L LEmER O
BRI ER TR RE L, POE rTRE AR B R A L
T5. H 6 M CIIAREOMEL HIRL LIZIRERDOR)
AR GIEE R L, W AT RE 20 a8 Reis & H it
5. TN RERBEE RS I O T o Z i
XY, BERCILRT 2EMTEE2RT.

2. PHZEEDFERERLRE

2.1 HEAEERER

PHEZE T, B ECBR/ERO 5, R
I U T EREZHE WS ITAEANTORA TS 9. 2020
3 H 29 A2 SIXIRHEFF R 31T DI E R LA ED
M ExEHAE LT, #B0 EZ2%@iEd 2 iR w23 & B
hEni-.

EEGEM TIX RWY34L (TEFRFH, RWY34R ILHEE
FEdE A, RWYOS IZHEMESH A CH 525, RWYO0S BRI
RWY34R #5[EH#72% RWY05 224 @ild 5 £ CHEE T
7, RWY34R #HFeiiE RWYO0S (ZHEpEfE S WD 581355
fECERVHEBER > T\ 5. HAEREERT
VLB RE &S ED B FTREREER S F L — KA T OBIfR & 72
D72, PHZEHETIE RWY34R OFREHICL - T
RWY34R & RWYO05 OBEREE NS 5. RbIIED
BUVEMZ LTZBA CIEBEERIT0EE 2D Y,

P JE GEE T — EB o KRR 5 o~ o BE e B A BR X
RWYI16L (Z5FEH A, RWYI6R IZBESRHSLMH, RWY22
IZHEERE A CTH Y, RWYI6R & RWY22 I3AH A HE)EE A
Lo T0nd. RV EORWEREZ LT-BE, BEHN
1L 90 & 720, ALERE & [FEOFENZ MR L TWD .

2.2 EHIRERC

BHE O MEEE OB AR TS DI
ET B B/ N A HIE IR & MRS, B HIFRRE Figd o8
T RO, MEHORITRE IR LTtk ({E) Hm,
A B Hm, BT (EE) RO 3 RITTERS L
5. oMo AL, ICAO PRI fEEHCESERE
Enb. ENTIE, Lb—F—CEHRITERZERIZBNT,
MUZEREAE T CTIL SNM LU L, ZEgEA D % — 2 A& T
13 3NM L EOHEEFIR 2R3 2 L o L— 2 —RRER
HWHINLTWA.

2.3 BAILKREHIRFER®

BITERMORE L BB L, MEK T L OLRERHIE
ZRERT D120, TERMZEKZ € O R KEEEEEICA
HET 4 SORXFIZHEL, FATONEFIZ L > TRITEL
RIREHRIMREZHE L TV, IBFETIEINE TO%
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FERRERIMRE EET 28 LWAEERER Eh 2o
HDH. HATH ICAO 8H L E D D RECAT (wake
turbulence re-categorization) DA ZHEH TV 5. Table
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BdHDH. BED LS ITERIEY AT AP EASIATY
ROWEAIT 180D~ =Y B NELT 5,

2.4 PHBEEHARX?

PIRZEHICR T 2 ERABAERE T, PREERENS
KICESWTIRIE S, FRICEREREERO QAR
IXE RO ROT #EICHE B S5, 2007 4 ¥ TIX Fig.5
WZaRd K91, ROT IXEKE 3 DORMIZHZEIL TE
FIN, UTFTOEXMORBER CHRAINLTWE
[17 t1 : VE-ERHE AL T/ INM HS @i H O ¥ &
AU E TORATR. ZORMTIIERETORREE
OFISICET HRMAE i, ERMEICLZ2FEZME L
T2T R LFRGE.

[2] t2 : VEAEKEAS D b E KK L @il T 5 £ COREH.
FRE O ST TH D0, BHFEWD 99.5%NE 21T
BEETEDLIOINy 7y —flEMx, 76 L RE.

[3] 3 : MERBZE,» OIFEILBEEEB X 5 E TORM. i
FRRFRICREFEEERL, 1S EHRE.
INLOEMAESR TS E, ROTIHIISWERD. Th
ZIICEEEAWEROLBEREYRETS &, B 30
Belind. 20079 ALK, ©2 & 3 DEEE | DOMEE
BEELTHRIBEREZTNEASN, HhEH 1 #dH
720 O ROT 2 1S BIZEM S22 & T, EREHEHEE
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MR D FH 22k b TP HZER O ROT 1K<, ROT
DRATHOEHIMME L0 b ERAHEEEIIKE P8
ERIELTWD. ZHIEPHZERIIBWTREEOE A

MENZER, FEEOLAT U MRENBERLEEIND.

2003 4ERF AL CIZ ROT 23 1245 B TH Y, #%ITILKAHRE
MR (K 120 #) % EFREl> TW=72%, ROT 2374 b
Ny 7 Ll TV, LasL 2007 4E 9 H LKL ROT
MDISHETEMEIN, 1200% TR LT, 5%
PRI OBIMNICB W TIE, ROT &% J57 ELAI & il 8 b
DWW OB RN B ERLERELZRFTTI2LERD D
LINTWD.

3. MERMGBERERZBHELER

RAFFETIL, PRI T DA SR ER O AR
MfgICERZES, A CORIHRICLY, SRRENE
EROWERLEERLZEMIE L2 L THHEEDIE
EREZIERT D2 AL LTS, AR
DFERNBEEZRLEIMIED 2 L3, HICEREESE
NS 5720 Ta<, BRI T 5 BlEs btk v

EW~DEEELZIRS T Z & CHEREOMME L AfEE L L,
FERELTHHEBOREREZILRIEDTREENH S .

Ko TLUF T, AR MR AR O &R QPS8 2 1
M5 Z Ik P HZEBEEEEOIEREZXS.

3.1 BERLSERME (ROT) OEME
PHEERH A TIE, SFREOR/NHRER 115 BT
BMESNTNDD, EBITITMES 60 BBEEE TH - -4
R0, BTG LR O & R D FEFE A R 34 B L 72
SlFlbdH D72 E, FREMRICRINH D Z &1 EW
NTEREY, 22 TAMETIE, FigslcB 5 tl, 1258
F O3 IR LT, CARATS Open Data® D22k 5 — % ¢
ROT ORE L% L, MIZREZEBILFBEE 5 EHEE
ALBRBIFR TOZHEVS, /N ERERIR O A REt Lo,
MDOEBEXFITILTOLEEY THD.

[1] t1 OEHE © I TIIMAEE O MR LIy, —ED
HHEEETOEANAE L > TWD Z b, AiFZE
TIIM R DB R E (V) EMZEE O A X T L IR E
L, %FILRWXSH B O TIX 270km/h, D ORI
Tl 260km/h, E DK TIE 250km/h &3 5. tl (2=
2 VAR AN INM #0518 8 B A5G & T ORATIF
M, RO 99% BNFENIC Z O XM % @i Al fg & 72
X507 Y —D OBIKDERHE ZHNT 26 B &%
EL, /EREVL 1 BoElizsT .

[2] 12 DJEAKE : CARATS Open Data DZEHEH T — & N D,
2019 4F 11 A 15 B DAL 22 o i 2 158 A ) B i 2 1%
BEMLE COEBIRRZFE LI 25, S B ThoT-.
ZORXREM A 13315 L, RFETIEIRZ 68T 5.
MERELD b SHOMEM LD,

[3] t3 DHIBR : MIZEER L EFSNIRHIFLE S & il EFS LB
BIZBWT, HfiE OGS O% BRI G I8 E K I

ANTEDOE THATEIE D W & B % 2 BEL U O (k7
EEHEN OGN Z L2 BRI XITYEEN O O@mMIC &
DHER LIz &, 7272, Mg ez BER %,
1E RN B A B e < Bl T E D LR LIEGAIE,
VPR ERBGEHER L2t ARICK DR LT
X LEDBNTWDS. Lo Tk &I,
TATHEDN VB E M E BT 5 Z & TRIHTHZ LN T
5. FEBRITIT Z O R TR BRI R/ DEREOSEITE
WTHIEERS INM FRICHFEET D Z LIk dize, K
FFZE T 63 ZHIRT 5.

UEXvAMECIPIREFERHN X ZAEL, ROT %
tl & 2 DL THET S, Lo TEREE1#H-Y O ROT
X 26+68=94 B L 72 5.

3.2 BREIER & EREEROREL

ROT ZMEHMET D &, RMEEARITHOLREMBAR k
NFw 7 ETe . ICAO D FENETIXT% 7 EL K& il R b 1
Table 2 DL 512720, JeATHE & B fek 0 % 5 SR >
BELCTHDIHER, BFEBOBEKY A AR KREVGEE
DOREMFEIXINM Th 5. —F, EITHEo%FILKmK
0 B T, #HEED D O%E 1T ANM ORRENLE & 7
5. thkiHEN D oG, EREMRIE 3INM E 72 4ANM A
ME LY, DOFREEE 260km/h & 5 & 3NM 177
B, aNM X 103 B L d. FREMREILZ IO ~—
Dy IS BEMATZ S BBIWN 121 BEled. HEHEN
E OBE, ToO&EMEE 250km/h % AT 3.5NM (% 112
B, SNM i 152 B o5EMREE 5. Ziuk, irEe
B OMBE DRI L - T, MZEHFE 1 ORREIC =R
bHZLERL, ZOMAGDLEERE#H LE/DOME
EHEFET 22 LT o CTHREM B 72 0 O F TEFEE D E 2
HERLEBEOILKRIZORNS.

AP TIXRTEO ROT OFEAME & 75 btk o & IR R & fF
FWEROR#EIC K-> TERMREEZ 95 IR 5 2
& T, AREEEERKOLIE EIZER 3600/95=37.89
B LERETE 50T, BROEE 31D D R K THIKF37
BETHEMSELZ LE2RELETS.

4. mELEDRE & xBILFIE

4.1 FHEIERF & BERERFBELOXRR

ARBFZETIE 15:00 2> 5 18:00 D 3 BRI\ T, HlfH
Ao ERE N Lot 2l 5. Ko
KIBIT 14:40 7> 5 18:00 (2 B HE A il K12 Atk 9~ 5 fifi 22
BThHY, ANERZT 20 5T LICXKY T 10 D7 L—
TN, FI—TITw LTk 21T O . HRHEA
BHIKIXFig3 DM TERIN, HTHNICHIZENEA
THIEEANEET D, KEEIT RENE, KT N—
T OO ANERLERTE L, v — A L ARKEED
T25&9, NRFEDOEMZ L —T D635 mREL 2 BN
SHEbL R kxR e L CHERBELETODOLETH. &
20 Sy DR LK GHEE E n L RT.
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4.2 REEHOERERITEHMOELZE

KB DRELELKIE, n HOERIERF 2RI
Bl (x1, X2, ..., Xn) EZNEIUCKT B HMEER 0 721
1) DR (1, y2, ..., yu) THD. Z T, yi=0 TIIMHZE
B AR AWER (dLE R RWY34L, &R K
RWYI6L) Z#MHATEZ L& L, yi=1 ClxBEEkdt A
£ (LEEF RWY34R, #ERE RWYI6R) Z{HEHT 22
LLT B ThRbLIREEKE T ORI

x =(x1, X2, ..., Xxn), Xi€{l,2,...,n},

y=01y2 ..., yu), yi€{0,1}, i=1,2,..,n.

ARWFZETIE, ABARA > FEBRES &0 P ED 5%
TR JEE O A5 i B & OB L T e 5 T A I ROE
TFu—F LR L, ABEZD D OREE T HEE
RO 7 7 a—FRITHEM L VEL 2254 (JLEEA

i=1,2,...,n

K> GODIN, POLIX, FiEEM KD OSHIMA, AKSEL,

POLIX, AROSA) %, A% — & RIS A0 3 % 2 ki3
5. LR T, BERERLDD 2 MIB8E T 7 1 —F (2
£ 0 EWE LA OB ENA & REEENL Tul T 5.
T3 NIRAR A > b P & 1R £ T O BSEREK R LpD
(Table 3) &% HWTH(I)TRD S

_ Piyi
TS,i

=

5 (Voi + V1)
LEn ZATEBEND L ENDE T = A BA v FERNT
BH U7, Vol 3nze i O NI, VoIS i 0%

+ T e

PRI E, Tr 1IMUZEHE @ O BTEAE HI X AL Th 5.

Table 3  The shortest route length L‘}lii;i [km]

Runway in use y;
34L | 34R | 16L 16R
OSHIMA | 141.2 | 154.1 | 295.9 | 318.1
AKSEL | 1783 | 180.5 | 341.2 | 3633
GODIN | 226.8 | 208.4 | 211.2 | 197.8
POLIX | 317.8 | 299.4 | 328.1 | 314.7
AROSA | 231.6 | 221.5 | 3852 | 407.3
Hachijo | 154.3 | 165.1 | 317.2 | 347.9

iof yrod Anug

4.3 REZEHEBRERZIOER
L ZEE O G R LI, EATICE CIRERZMEM T2

MRZERE D A5 bR 2 | 2 B T e R R PR 2 N 2 T2 R T 5

PRELEL (x , p) EMUZERE | OFEBERFZIT; (x,y;) & OBIFRIT
KQ)TEREIND.

Ti(xi ¥1) = Tepmie (X0 — ko Yxpmie) + 1 -+ (2)

TIZTLITSERREERL, T (—1) O%FELR
KA EHEG LD b REWIESA, Table 2 (37 7 kR
ZHEAT 5. BAARRICIE 32 HTHH L, 3.5NM Tik
112 0, 4NM TiX 121 B, 4.5NM Tid 152 B o5 REEME
ERFLLbOETDH. —J, FATHO% IR X 8
B#EF U2/ S WA, V- —EHHERETH B
3NM @ 95 o EEREEZ#EHATS. 2L, XQ)DF

HIZX > THELNDEZ XV b REAREREL Ty 0 )78
WA, TaZ BRI ET5. £, SRERICEY
BT DO E R, RESEN TueT5.
TD by =yer Tsi < Tore(Xi =k Yxmi) + 1y %22
Z RO -3 e b/ N SR kB AW T Ti(xy, y) & HET 5.

4.4 FHMEBIBDER

ARWFTETIE, (1) A& RefE AR O3~ T oK
95 FhII bR TAEBE L Co PR S AS i K & 70 D 1 37 R & 72
D, (2) FHED AL P ITRATIRFH 25 18 73 40 B & 72 1),
(3) BHEDTFEBILIFIA 2 53 & 72 D LD 3 ek Ak
WCHERATLREBELHAREL 5. ZoBEMREIZEN
ETFEWIEFTET 572007V — 72k 2% feifb
RIEIZ 31T D Fe/MET ~ & A% 2 XB3) TE&RT 5.

T (x,y) —Tpp _1
Cl(n —nNny — 1)

1 n
EZ{TE' G y) = Tei} — 1]

i=1

](x,y)=50{

+10

+

1 n
@;{Ti G y) — Ts; () } — 1] - (3)

KOVALOHE | BEILFHAMREE O FEIH & 7 5 5 e s AW
EREHAT2EREE | H7-0 oA THY, =
NER/NNCT L L THERLHEFEZIERIE S, B
FREOSKMF)NMZSND & &, 6 1HIT 0 0L/
5. B 2 TETIIMZER O A% ORITREM B ICE <
ROV E D IZHRELTWD. e O Nk O FRITRE
Mk, HHINEEEBATPOREME LTHEXREA
MRS T 22 LBIW TR 5. FIRREED SF Q) 2N 72

Ehsex, B2HEOHEIF O L7225, % 3 HTIIHMZEHK
OFFFERFR DN MEICRKE LS DRV E I ITHREL TN D,
WLZet i OBBIERFRIY, B INIFEELAT D, K
HPEREZ Tz 22 LBV TRD 5. BEABRBE D S4E(3) 3
rEnbEE, HIEOMITOLRD.

KHOBELREL, FEMBEEAEDO R — L H3[E%E &
BRHEOICHEEL, {50, 10, 1} & L. Ci=1273x1073,
C>=1.296 x 1072, (3=1.389 x 1073/, #IHNFRAREET
1D L0 ICEZED, FIZHARETEEN0IZRD
Eolz1 50T 5.

Ton V355 e B Vg A R LS e 12\ 35 (e T D i 22 D A5 Ty
AT, ToldEEE AW ERNERTTREL 254 45,
TRl38 1 7 —7 Ok Tl 15:00 LR EL, H2 7
J— T LI Cld i 7 Vv — 7 O it CHEEIERF N IE L
To e th DIZERE DAL D 95 Btk &5 5. m 152047
ORI GRBEE n © 5 BEffg Rt VG ER &2 83 28K
BTHY, BOO n—m BAERERBERKEZHEHRTS.
IHNEGOSM & UCER L CAERIEERKEIRO KkEl %
179, n, nmi, Tgld&EMHELTHEZDRLDLETS.

4.5 BT—HY—F
AR TIEAZ E2a—VRT AT AD—DTHDIET
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— T —FEHRECTIEELTHOD, REEK (x,y) O

RELZATS . 27—V —FILEFROER =B IKL,

ERIBREL 27— ) A MC—EHMRETS. 20X T
— U 2 MIEENDHITEIR LRV 2 & TR s fig 12
Mad o & ZlET, ROEMEZEE 720 b KMo RS
BRERBET L. R TIIR THIESRM & L CRRXIER
Ba100mE L, 2T —UXROHA X% 100 &T5.
BT —H—F O ERIE, REEK x Tk y o
Nor—FOEZREANEZDZ LICL-oTEKRTSH. &
BEIE x lC2W Tk, #2252 HARIRLZOIEFE2 A
NEEZ D, nkICx U CERIEFICET S (Coff i 517
WEREND. BREER y 22T, SEHEREE
&SI R ERICED 5T b= o b
| T oRY, TOHEFRE ANEXD. HEERELAWE
B ERET D ni o) U TERIBERIZET 2 i (n—n1)
T OEBEMMNEREND. LR CREEMROMEITE
OETC+m(n—-—m) HTHD. BRI n OfIX, 5

il kO 6 @HIiTHRTDIIICHMITS L TRESND.

5. ET—FICE D RRBEERE

AEITIL 2019 43 LY 2022 FIC RIS HZ2 ik IC 5
B L7t n 7 — 4% 2 T, HERmERE R
BRI U 72 B o Bl et O B T REME 2 4 5. 2 2
TIPS & CBRAR D & 2 A FEE m & 1 M H 72
6 KEITHITRE L, S i ko THEMEMEEREZLRH
WEAT D, ZORER, AHREEECE MR L o DBl &
T¥h3 2 F AR CE 5720, TOBEOMEMEFEE
TRBEER A O ST .

5.1 FREix&R &I HEREBORERE

B LTLEREBORTEM (B4, %AFLIIREST,
Pi, Tz, Vo) IX CARATS Open Data O HEfSL, =2m )
MRTIZ TG P e KIRIZIE FH STV (2019 42)
Lan T RBICTHEENEE LR (2022 ) OFRIEE
ARELE. EREBEOEMA LR - BER), L ORE
EhEBEL, 8 HOREMERRLE Lz, 5L L
Hft & % Table 4 (2”9, AT TIXAFE D B fF &E
A&t AbE - MR 25B L, 52bn-#EM (FE
&, BFERIMK Sy, Pi, Te, Vo) ICESWTEHMIZ B
IROBMETFT VA LRBT DL, £ VA (Nol 2
5 No.8) IZOWVWTHREMEIFL, TNLh 3 K DAE
Pt e B L7z, BREM & Ry E QIR AT S Z
L TR | OFRRZNIBICRE S, SRFEEIC
AHET DM E T T N LCHEEEEE RIS,

5.2 EEHBOELER

Table 4 12, MR ETDHE TV FITBIT D EEMEED
HHEHEA), PHAEERH RIS EEEE®B),
ROT E#HEIC & 2 AR (C), XL ONROT & & HiEik

Z BB DR AR D) 2R

Table 4 Comparison of the data and the calculated number

of landing aircraft for each scenario

No.| Dae |wplM L ® | © | O
Lo/Ls | Lo/Lg | Lo/Ls | Lo/ L

1| 2019/817 | S | 87/34 | 87/36 | 102/18 | 106/19
2 | 2019/813 | S | 79/33 | 74/33 | 86/18 | 93/13
3| 2019/12/12 | N | 84/37 | 85/37 | 100/18 | 105/19
4 | 201912/9 | N | 88/32 | 87/32 | 100/18 | 106/16
5 | 2022/8/19 | S | 87/34 | 85/35 | 99/18 | 106/20
6 | 2022/8/20 | S | 79/35 | 79/36 | 95/18 | 102/13
7 | 202211217 | N | 87/29 | 86/29 | 96/18 | 102/15
8 | 2022/12/11 | N | 83/38 | 82/38 | 96/18 | 103/18
Average | 84/34 | 83/35 | 97/18 | 103/17

WD(Wind Direction)i A [ % (2 X % 1 & % o & ki
(N:deGER, S: FMEGER) 28T . Lo lXEEGHE
ERE DO EVERIL 2, Ls VXBEAS I H I8 & I 0 A5 et B 2 R
T (AN FEEMIRE O F BB, (B AR &R U
FEOWTHEM L- S, (O)lF ROT &M Lo
FERd, (D)X ROT H9#E & FFRIETF & v B8R & il
L=k D E R CH 5.

5,21 EEMBSLUPNHBEEHAXDES

3 WEMIIC e U 7o il 22 B 0 A 92 ST IRe oD 25 [ R 2 > &
B L (Table 4 (A)), ZDOHALFEUREMEEMANT,
AEMREEZ 115 BPU LT r2PHEFEHE N R K S X
ERes A B L7 (Table 4 (B)). WM& DMIC KX 7E
BX7enZ R I Tz,

5.2.2 BEHRSHEME (ROT) ZEMHELI-GE
ni=6EHIRL, ROTZ 94 BIZEMLI-Z LIZk-T
BoNI-fER % Table 4 D(C)TRT. BARMIZIE, Ak
JEF x X ASEREZINE & U, BAE DK ZWVIEIC RS 6 HEoD
e A BRI L CHES R ERICERESE, TR
SoEEREFERESHBERICEREIEI LD L L.
HERERIMRIZ 43 HIRL-@Y TH 5.
PEROPHEREAR TR E T 5 &, Rk TEHI
B 7S 20 FORIME S AL D 7w, EEE M E R O QBB EUL
WML, LaL, ZOFETTIEROT Z28# L TH,
FEIEMTRF O F EME IR (AR L O A EE (B ICE
oA FAEEEEICITEYT, BRICERT S 2 K00
EROEFHURE I T2 W ahotz

5.2.3 BREIERFEEREBERERELLLES
ROT BTN %, HFekEDNEFE & 4 18 B O il
ATV, 5.2.2 L [RIEEO IR T TR et 1 & 1 o 25
B Emzlo b E0EREREEROEREERERTL
2. ZOFE% Tabled D(DIZFRT. m=6 DEETH,
ROT i & 45 ReET & 6 B i A2 3% o feiifb 2 AL A o
5T &T, EEMFFLPHAERN AL FRE, o
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IXENLL LD EREB AR TE D2 R nhoTe.

F, PHEEEHRTRICE SO THRE LT 35 R
28T D& RO B FRITIRFRIIT 28 43 08 B TH Y,
ROT i & FRENER & 65 &K o R#Ekic L v ikEL
7 75 W R ) -C 0 75 et 0 SERIRATIRERNIE 27 43 00 B2 TH
ol L7eh o> T, MATREMITH 4.3%%F4E L7z,

Table 4(D)o HifE 35 72 36 F 18 A& B 25 B S B3\ T, 18
WELABR I A R U 7ot e 1T g b s e LT o LT
W, m=6& LD T 1 OF#ELxE 20 450 T
2HETH Y, Ko TAN 10 Bl kb CRES et A g &
D A5 PERERIT 20 # & 72 B8, Bk Redt 18 2B I o 25 e
B IR 5 B, FRE{boxtge b, Mgkt
1B O 3 R OGFHL 20 LT & 720, &/
TBHOBAELDD.

5.3 ROT 5Efis & ZMbIZ & B BEREHE R D F@
ARECILBERE I T3 2 5 EEE A S 32 & T
Pt O EHE RN T AL 2N E LEZOT, 523 T
LT AR R A FRIC A T T ) B D R 0 %
fLZFM L7z, £3, PEFRREHGFRITHE, BESpE
I G A B S REE O A5 TRRERI 0 B, 2 ROBEREEEK T
D B KBRS FTREME SR & B H U 7o Bk BiEbE vl REM S,
B AL I B R AE T D& R 1 (1=1,2,3, ..., m1)
AT, I BEOMERRRER (BERERT ol 2 O RS E T) &
627, EGHEREOMIEZ 95 & T 2 PHAER H R
Peo TR, RKBEREFTREMENE, 2 Mo F MR O
BINE trini—t: &2 95 B CEl- 720, T72bb{iliso
ROT 2R C&E2n&E v ML THIHT S, 2721,
Bt ORFEIFEA 62 BOLL EDFEA, ROEEENPETT 5
ANCHERRAS E T3 D728, # ORI A < Bk e v hekd
FEeLTHy b 5.

Table5 D (AL, ) VU 4 O FEIEHTF D 5 FERF 4] 2>
DEM Lo R KBRS A R L Tnd. F£7Z, ROT
FAE & R Iz LV BES B ERICERERT D MZEHE
BN S 7256 O e RBERE FTREE A (B R LTV D,
ROLIFORVWEEKENZ21To 2854, WHREEH
FRUT X D L BRI & 5 T D M ZS i 11
13 B, BEREHX 46 @ Th 729, EEHRFOFES PRI
T8 A 5 b o0 25 e 2> © B H U 72 e KB 2 ] AR 5K
(Table 5 D(ANIR L7 3BV 164 705 178 H)
L, EREEOBEEEE DM 46 Bl AR D &, RoRHERE R
HEHE B DK 8 BINEEREME LTS TWD Z &2y
%, IHIZ, ROT Fff & icdEfbic L0 HH SN BEE
I e ) 18 A I 5 e oD 75 [ Ry 241 % 612 I KM I W B M 5K
EFRHLIEEZA, HLEMEDODW Nos DU %
TIE 3 FF# O KEEFE FTRERE S SR D 172 B§7~ & St
LRITIE 194 B~ CHimL, 3 B < 22 # (1 b7
D 731 oineeoiz (13%8N). F£7z, b
HD%\ N No.8 D) U A TiE, fERD 164 HEM b HiElL
BATIZ 200 B~ LN L, 3 MR T 36 B (1 MERE T 12 8%)
DI & oo 72 (22% 1) (Table 5 @ No.5 3 X U No.8

D(D)).
WA /N TR 731, RRT RETHLZ LD,
BeRBEREATREME S O 8 FINEBRIZEH SN D LRET
HL, R 6 EMNS 10 BOBEMEROEIMMAFEETH D
(Table 5 D(E)). L7=23-T, BLkoBEkHM: 46 [EIC 2

EMA D LT, HEREMITE/N 52 [, kK 56 [ THE
IMAEETH B Z &Ny h o7, F72 ROT DEMIZ LY,

Pim Lo EMREMEEROEREBEIZITHERY, n=6
LT, HEEEOATIINBHEERDL. Znicky,
FEAERIEBURD 90 BB 7 < &b 95 ], fik 99 [A1F
THMATEETCH D Z ENmRanT. BLEXY, BikEgEo
B — 7 BRI IC BV T, ROT SE#E & 45 BRIE 3R L OMEA
WEBORBELPBEREZEMEIELZ LR LN ER
> 7.

Table 5 Changes in number of takeoff slots
No. [ (A)|B)|©] D |E)
171 (207 | 36 | 12 | 9.6
170 [ 201 | 31 | 10.3 [8.24
175 (202 | 27 | 9.0 | 7.2
166 | 195 | 29 | 9.7 |7.76
172 [ 194 | 22 | 7.3 [5.84
173 [ 208 | 35 | 11.7 [9.36
178 [ 207 | 29 | 9.7 |7.76

8 164 (200 | 36 | 12 | 9.6
Average | 171 | 202 | 31 | 10.2 | 8.2

(A) I FETEMTIF O 5 FEREZ 2> O B U 7= Fe KRS T REME 3L,
(B fo i b £ 0 75 [ K7 0 20> & T HH U 7= g A e e T RS 3,
OFA)EB)DEICE > THBN D 3 KER DI,
(D)X(C)%& 3 THI- 72 1 K[l 72 0 OEEIIHEEL, (E)IX(D)IC
0.8 & T U7 {E I RE 7R BERER S A2 R L T\ 5.

N (|| W | —

6. BERORKEE#K

AECIENER 1 B H 720 35 FREE Th - - B 5
1R B0 50 EICE L7 (AR DR ZI R ICKIE L
REMY X FEIER L, ZoORAFLELHWT, Bikgic
B2 0ERERERRERERKBIER LZSE
DA EEOBE R EEM IO OWTHRFTS. 22 Tl ROT
AR E L, PR & B BER D & 2 A S &,
1M B2 12 BICRET 5.

6.1 1ERLLTI-EE

WIS BREM (4, %ALRIRIXS, P Tw
Voo DY ANE, 200D F = TER LT, ¥ —1
T, BFALRFERE DB O % 2K 40%, "D”D
MR E 60%ERELE. ZOhIL, F5SEHTREL
72 2022 F- DT — Z D HERY A XA EL R & 12 ITHE
LoD, 1 FllH7=0 50 [HICHEE LA 2T 2
LOTHD., —F, NE—r2 THEHILARX DB D
BEIRE A 40%, "D DOIEEE 40%, “E” OB A 20%
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ERE L. ZoOHREI, ANABDIRLERNOE Y X AFE
B DML IZERE D /NUAE A HE A T2 2040 AR Z ARE
L2, 1 Rfl&HY SOEICHELZSE4EET 200
THD.

6.2 BFEEFLFEABERZRELLZED
& REH K
B R Z —2 1 O U AR T DA LA F % Table
6 \ZRT. AL DR, RWY34L T35 g II B
FORKETHIEBRFITHE o7, m=12 ¢ REL

DT, 2ARKOEEREROEFHAEREESIT 1 KEHY
49 WL 77 v, PHAEFEH R L LT

ARG REESS S BIENAEECTH DL ERLTHEY,
A& VENER & Wy BRI O fel (ki X - TR etk 2 s (E
WRESR Z L NFER T E 2.

Table 6 Number of landing aircraft
in Increased Flight Pattern 1
34L | 34R | Total
Number of landings in 3 hours | 111 | 36 | 147
In the 15:00 hour 37 11 48
In the 16:00 hour 37 | 14 | 51
In the 17:00 hour 37 | 11 48

BE{E R Z —2 2 DT U AR D EiEibiE R & Table
TIWZRT . SEIERBEERT A XOMEENERET 55
&, MmAGDLEIZ Lo TEHERK 152 BoMBEELHEE T
%2 (3213H). L2L, ZOXH>REAETEH, RWY34L C
DEEEEITHR LORKETHLER37THE R, 4
MO /NEUENEATZRETYH, | K70 O
RAEEMERPHEER 7 ~T 5 e gee
MR TE .

Table 7 Number of landing aircraft
in Increased Flight Pattern 2
34L | 34R | Total
Number of landings in 3 hours | 111 | 36 | 147
In the 15:00 hour 37| 14| 51
In the 16:00 hour 37 | 14 | 5l
In the 17:00 hour 37 8 45

6.3 ROTEHE & RBILIC & B EREM I D LM
AHTIX ROT OREME & A& MEIET & A& B RIN o il
IZE - T, HEREABERKD 1 BEH7- 0 0B REERR
37 BEIZHNATRE CH A Z L MR L. m=12 L LT
W, EMEEEOGFHT 49 IR TH 5. BERERER
D 46 BIZEAIT VO T, FEIT 95 BTN ATRET
HDHZENREINTE., F2, RE—U1IBIXORZ—22
DM T, HMEEOBEKY A AERILRICEDL LT, &
PR B H WA TR ROMWEROMHERLER L. =
T XY, ROT %EHE & B REIARF & ¥R RO R#ELH
EEEMAEIMEE L 2 LA E R T,

)

N
B
il

1.1 F&0

AR ZE T I3 22 BRI S 1T B A 2SR T T 00 B8 0T R I
T D0, AIREZR MR SA RER OB A EE L LT
FHHEHONEF & AR EKZ R#EkT 5 2 & T, WEK
WEER BN EEZ X o7, 2O, SHi, 6filcrL
X oz, EEHIZEIRD 90 81225 95 8], 722y L 99 A
HMAIREZR Z LR EN T, £, BIEEOEANEHX
NIL% OFRATRERNIR 43%EME S iz, Zhck v igE
PRBED BB IEAR N & W o 2R R B B TE .

1.2 SEOEE

AHFSE CILBEReRE O ©— 7 BRI & B o ©— 7 i
M 2T L, 5 6 CIias Rt i E K o5 Rk
eI DFPLEEIZHIR L 7= A OB Ot {(E AT REME 2, 6
B CIT BRSO a5 2 I A5 Rk oo B9 5 RTREIE &
BEt Uiz, 72720, 5HITaR L7z BEbERE o i K30 6 1
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OBERTHSH. BELLTUL, BLEECHEEDEZ b
W TRV A ED Z &, MOl & B KA EH TS
L RIRME e EOMBAEBAT L ERFETEND.
B A BT 570X 20 HFEREZOND. D E O,
RFENFEDITIERT 5 HVOBWEREZERL, iz
MABDLE CREMBEEED FIETHY, IO E2TM
RN M ARG 2 B> CHERIE R AT 5 HIETH 5.
I, NI R ELT T a2 L LR N AT
Yy THT T —FThY, BFILRO»DRE kL
BD by FET T T a—F W2 B RIEDHIET,
IR RS E 25— o A VCRER, V) ar
TLOTTHIV Y — MRICETL L, Zhvk 40 g4 2
ZETH lem AOMBAERT 5 Z LICHI L. ek
ICHRT A 2 LT, v— FRIEEES LTI e 2
ol TOEE, HEY—NMIRAY v FERITHEFET, &6
ICHE BN ~BIETE A L IC T RE L. £/,
RESOMBOmRLZEE L TEET L2 LT, Maonx
SIC Lo THED 5 & T 2Bk RN E 52, &
BRI CERBRAEIE L T RWns, 200G
RETeo = fMiiE) OE M A ER Lz [2].
BEOFETIE, BIZIE 1T em X2 em X 0.5 cm O FHAEE R
OINZH BN COTZERT 7 A48 CEEBEDORE A L, 1
BIRE TS LW L BRI OB~ EhD) %
Bl L, H2E07 7 A NERNEICAT DMk EER L7z
HZEXRT 7 ANO—ImEvVarFa—T2n LTl
R AIERL, V)P EMLIE TS L THEEN
EEICERENRND X OIS Uiz, Mk 2 85T 5 &,
F 2 S PR L AR B0k L 72 i MRS 3 2 2 & AR
Eh, HRBEOHRIIHLNTho7. Aok, Z oMk
DI SRR E E AT W A ERE LT, 5% I ol A
AL, ZOHETES =T U IR A R
(Fig. 1) TiZ. EREZITORD - -/ & il LT, ko
BETHHEREY X VBEOERENE -7 [3].

Fig. | MEFEEBEEE CER L =T M U ik
GEMIZZE SRk 3 210

2.2 BRLNDAZEEDELM

BREMBICBVTE, BXONLIBREELZ L HEE
ThdD. YEVHIOZLESE>TWVAHEEDLNENE LA
RS, FER O MR R BT X BN O OB A E O
AZAHEE LTRBY, ZREBEETRD LND ATRFEM (&
e BERENY) PO TRETLIOEREHOBETHD. FF
12, M OBIICMETH A B Y v g (FBS) Ok
HMOBPIIRBETHD. MER T Rk 2 Az
MIMTER R NRE STV D2, FBS I & OSSR
TR IEARTZ R0 o THau,

L, FHAFE - THMANEETE RN EEX.
FEMEPIEGND 5 2, FARLIETTICAEME LTE
A L AEPERRIAHESL ST WS, ITEIRNEE R I X
LARGHELE 2> TEY, BREALEICFEATENTAE
BRERTERWEAD . BULE ST e W A H %
PG BEEAL, 74 VEREEIT Y ORI A TH
A U EBRE L. Wb 2 FIE O MR RE CREERE M
L, BBHET VM~ T 2 C2C12 23 LIz & 25,
Hel OEEFEEFE 13 FBS & He N CHEEITE WS, SLIE TR
AEFEEMEFFL, ©o< 0 & TED IS, 5
~NESEEIED ZERmENT [4]. Tabb, FILES
RV RE S Wx B, 7277 L, FBS &HRT
B DM AL, G & bR & BRI X BT & e
L MR~ O R MER AN E Ao TN D,

3. F&D

HREAFIEIELE O RO AR NRHR DB L 2 TR E
feld 50, FAEEHIIEERMOZ2 T, BEEx T, &
BT 2B E VOB U T E 2. BRATET
AR RN, WEREA A —TRE—RO B L
IR DERBRO LN D HEAH VD 5 b0, ik
R L LBl SME R LARP LMY MA TV E 2.

SE Xk

1) M. J. Post: Cultured beef: medical technology to produce
food, J. Sci. Food Agric., Vol.94, pp. 1039-1041 (2014)

2) M. Furuhashi, Y. Morimoto, A. Shima, F. Nakamura, H.
Ishikawa and S. Takeuchi: Formation of contractile 3D
bovine muscle tissue for construction of millimetre-thick
cultured steak, NPJ Sci. food, Vol.5, No.1, 6 (2021)

3) M. Nie, A. Shima, M. Yamamoto and S. Takeuchi:
Large-scale tissue biofabrication via perfusable hollow
fiber arrays for cultured meat applications, Trends
Biotechnol., DOI: 10.1016/j.tibtech.2025.02.022 (2025)

4) A. Shima, H. Oda and S. Takeuchi: Milk-derived extract for
skeletal muscle cell cultivation, Food Biosci., Vol.66,
106218 (2025)
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W2 IR BT IE D A3 ML ik BRI LR R TR s
MM T L EHERDEO -2 TH L. EH/ S MEHE
LRI EED D £ S ERRMPEZ T > T& 2. ARTIRES
D D FED —F & AT S Tniz2<.

2. RERDOME

2.1 EREREBTIT

Vascular access (va) & 1%, MEENT 21T 2 72D DOIMET 7
TRATHY, BIEEICL > U EMEHET 520120
BEARAKRR LD ThH 5. ZD7-% va FHEIIEA R FEN
MRINTWD. HROENEEZED 9FILL LA va & LT
Yo hEFHL TS, va= ¥ b EIEZ TREI
N V. — 7 TENT R O B LR R M BE O BN
W, BHPOREOE=FZ) S OEEENEEY, Hx
RE=ZY UITHBRPEEIN TN Y. Z0—2L LT,
HAZEE DY T A A/NIE O MR EEZE=4 Y
YIFTHZENTELARYST y FLDF L—H —MiiEH(IMS,
AR) BRI, ERIISHINTWS.

va [IAIERIZ R ~O BRI 2 D S &5 Z &b,

% WP AT B . A\ DM B ORERE . AR (T

=4
RREEFIE | EMGIRETIE, WRREE, BRI

Vv MEOEKRMBERMEEIIBDTHEE2LND. D
F O, BRI Y v MEFEY ¥ v MR ORREE BRI R
@ . (shunt symmetry index : SSI)i% 1 LA FiZ72 5 & HEH| T
H. —HTU X MEARICIREN D D5 B3 v > MED
ML D > W L OREERMIEESEMT HEERHND.
ZORER, SSIIT 1 ZMZ2 5 LHMNTED, ZNbEHE
Z, AWFFETIZLDF & AW e va BB ZRE L 72,

2.2 ®WREAE

MLY% v FEAT HHEFFETBE 824 (BME434,
PR FG 70. 419, 2 %) . FIEIFLEHITIEGLIC 2D, WF
% 3 FRIC LDF & 4458 URME SR MLk &% 5 /rMillEL, £
NENO L MG RS SSIZHIH L., £y vy MM
BORRAEREOIRE ToH D vascular access interventional
therapy : VAIVT O Jis & 72 5 F35 0> SS1 & D B 2 5~
572, ROC HifR 4T % F2hE L 7=,

2.3 #R

RLD 85.4%(70 AN xy ¥ > MEDIMEAIES v > Mk
XL Ehotz, v vy MAEOENLIZ L D SSI O

BEZETRD b d o 72 (p=0.96:Figl).

VAIVT i Jis & FE# G O BE O SSI X2 E 4 1.20+0.49
L 0654033 ThH Y, 2 HEICAEEPRDONTZ(p<
0.001:Fig2). ROC fFHTIZ L » THREI NI SSI DA~ M A
7 1.06(%E:0.69, HFHEJE:0.93, MifR{LAif4:0.81:Fig3)
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FERED, vr o FARMERMLEZED SE TS Z
EAUREE T, — T TY v MO T A RREE B LT A
ZWIEAEIL, Yy v N OFARME ORI, WYk
KR METHDLEEZEZLND. vy v NYYEEHOE
FTOFWIZEI LT SSTICHEIIMANC B3 0o Tt
VAIVT OA#EICE LTI, VAIVT I L Y o v o b gkezEn
WEL, v MO SSI N Lz & HEETE B, AHF
LTI, Yy MLEOREOFEEDO S » M A T % 1.06
ERFE LT, HAITEBORS y MAT7MEIZ 1.0 EBEL
7228, SSI A 1 UL LD @EFEOHIZIE VAIVT Z 43 E Lewn
BELHFEL W, ZOBEDO Y v o b IFE Ik
~NRNTEBY, ZOMmFEs SSIEICEEL TWD D TR
WhEBZbND. EREREREREOEELREILTE
TWEEZLRNRD.

2.5 #&EE

Ny R¥ A RIZT LDF %l FRICESE T 2 7210 o fdf#
REET, BEREEEZN O va FHENERTE 5 2
LERELTNDS.

3. BhHYIC

BRIR L8 Lo — 0722 A A — D0k, EFRELROR
SFERETOMBETH L LHETE S, Lo UERITMK
FALTEICCTEBR AR 0, PIBSETIREER ELL O
KB CEMLE#EMZII LD T EF—LERO—A L
LTHEHBLTHD., FxiXERBSGCHE—-O= =7 T
HDHID, TOMBEBESNRLTTEDLIIICHAHEL
TWa5.

BEPR T2 LI B L D ER O X HddEic kY, #
A7 MRl EN, EFHEREMNL TRBY, 5% bIE
BOLFINIEN > T ZERTREND. DX H 7
T, BEICHFVIRS B RER LFE L Z2HH 552 &
NTEDEIY), ROLTOWELEZWIHETHS.

PN

Nakai S, Suzuki K, Masakane I, Wada A, Itami N,

Ogata S, et al. Overview of regular dialysis treatment in

Japan (as of 31 December 2008). Ther Apher Dial. 2010
Dec;14(6):505-40.

Masakane I, Taniguchi M, Nakai S, Tsuchida K, Wada A,
Ogata S, et al. Annual Dialysis Data Report 2016, JSDT

Renal Data Registry. Renal Replace Ther. 2018;4:45
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FTHELT, FEAEZEIIL, =R VX—IZEBTEHHDL
L CHRGEER 21 00C 0 2 BUE BB B 9~ S i ST I 1E T
L. Z0%, FBOBIEMEBIYEEONZIZRY, HFE
BIkE 2 Ao REPE B L M T D RS2 IS e L, BTEICE 5.

AT, TNETOMRNEEZRBNTHE LBIC, &
BORZIZEBT DHENRICOVTERS.

2. CNETOHRRE

A ZBIENFOSOLDEERERA vF Y LEEMERE
RICEHT HHR

FEREME R L N T - B RSO S EA BE & L TR A < R A
INTWD. B e F ¢, EE LRI E
W 7e IWPTME Z AL, B S & 1K - 4 J8 #5 % (Insulator-Metal
Transition: IMT)% /R T E D3k & 72 3 B CIS H DS HIFE S
TWa. FtEL - lEERICS O CEER L~0 Zf1l
NPT A(VO)FEEOARIR KK & & 0k BT 2 05t
WIZH DA ATHRTZ. VO 1T HLEZAYRIR D ~68°C(341K) {13
TRIRAE A R 2 B EHEAR E 5 G R S EREER 2 R T
MBETHD. ZHUTPEWIRBTEDR 4~5 HTIZE - TRMICE

b3 %, #&iR-4 B HEE# (Insulator-metal transition: IMT)
oYL FRICEERNFICS 2 LEWEE B X 5 & 2
BT ¥ v 7 RAL, EEGURRED B IREUR BB~ D HHT
ALy F T ERL, @EALOHEMHEICEN D FEER T
5. FE VO #EiEfE & T o BB A EICER L, Si ki
WHRELZTF ¥ o (MHELICHFERFEN T 7 A~ ARy
HIE(ICP KB AN ZiE) & AWV T VO RO HERE 21T\,
ZNETHEFAZR 250°C & W ) KR TORREE IR
Lz, LT, AFAL AT, fEROFEHmT 1 2
DAL v F v TEE (~6V) % 055V ETFIF DI LITHk
DL, VR xEHMRAL v F U 7HTFLLTHERTED
ZEERLE. LinL, VO, BIENREREMKREZRT
R 400°C RIS W CITEER LTI FHEmRTH D
Ti OPEEGE KON E L, mEHFH~O IMT OFEBLNT
Ehphole. ZOREEMRRT D720, AV 7 ELT
EZF X A(TINEEA L., 2L T, KEICmz T
EIRTH VO IO LRI RS U, HERE b ~FE VIR E
FEIRIZ IRV T VO HE D RLE & ATREIZ L 72 V.

VO, HIRICEEZFINT 5 & H 25 LEVWEBEIZBWT
WHEN AR L TER S Y v TNELE. Z0sE, A
v F T RIZ VO I AN D RSN 5 — 5 TEE
R T2 BT L R4 —RICAEEREAT DL L
EVMEAAS v F 7 H R T RFICEBRBELZHIMNT S & 5K
T O BIEAHN & B 2 BV KT B RS
BNRBTDEZENMOLNTND. VOB TH, VO
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FEEL LA ST L AMBRNIEES. ZOHBRRH
fi=ma—narta—747, 77 7ORGHESD
Bz 2y B ~OISAPHRES L TWA. FAE, BIFE L7
JETRIREIE 2T, AMOEFCTHR W) & 72 5 MHz (9.0 MHz) A
— & — O A IR EBUC RS LT .

B) ZEBIENF PO LOBBRALEASRXICET HHE

W, ARIZBWTHES - EEETEH= XLV —HEE
DM LT T\ 5. i, &ickn CEdRL D R
& KSE, B RNTENVEED TR AT ABFEKTH
L. 2T, EE, VO #hERE &35 B B EGER R
HTZANEH SN TS, VO ZEh{ERE L9 2 B 3k E
W T T A TIZEBRBICBOTRENEL 2D & VO 255
BLTRIMNEZRS L, ENIRED EF 2T 2. 72,

KIS EFBE L, ERNOREET2MIMETS5. L
L, VO @EOERICTI T 2 FZMBEIMR T2 D F R 2RI
A~OREIPEE o> TS, £ T, KBB{LHDIZF
72 ACIE RO ERA RO, BEEON B
WEIRIE OWD B8N <. Fex X, BARSA T ARINEE A
WTIKIR T VO, #EZAKREI T2, VO HIEOFEE %
60~120 nm (2L S, & HIZKHBH IR E LT Siox %
AL, MFE i (Tun) & KA TIREZ(A Te) DR EZE X
-72. Si0: (174nm) /VO. (120 nm) /ZnO (250 nm) /47 Z
AREIEITIB VT, ATl TR 17.7%, Tum V% 27.8%DE R
Bohiz. F£72, Si0: (85 nm)/VO: (90 nm)/ZnO (250 nm)/
H T AMEEIZB N T, Tum & ATw DT 2 AfEE LT
442% % 11.6% N FEHEINT D, ZOfERIT, SioBNENT-
REBkJE & UTHERE L, VO R— 2 DOfEEDPERE A f] |
SHDHILERLIE. BONTE Tum & A Tool 1, VO2 HEIZ
BNTINEFTHESNTZFTREMBETHY, DD
BIIVO: 0 HEFANEN 7 A~OERLICKE K HlRT 2
ZEBHETE D,

© TLYrOIVIBER VT RTUICEAT HHE

B OT T, & 7 AT U (WOs), Y 75
ZE b (MoOs), = v 7 /VEE{b® (NiOox) 13X, L<ab
nTnwsxzL7 hrsrIvZ (EOMETHL. FTH,
WO ZHEA D HIRWE AICE T DRHMEL B RICER S
TV, ZOBGIAHN T, IKEETRETD. 51
TNA AZEREPHA L THATHERESND 72D, HEE
JNEFEFIE N, Zhicky, BEPSCEFRmOA~—hU o
YRUAOEHIZEL TN,

WOs D ERALFEFET, W OMiZoZ b L BEL TR
v, ALFERERIFKRO LI ICEIND.

WO;_g (transparent) + xM* + xe™ & M,WO;_g (blue)

ZZT, M X HY, Lit, Na*, £721x KR EOBA 4
ERT.

R, SN I A FEHIZHIT T, EEMEITO/H T A

R SRS EE ~ ZR br ARy ZEEZRWT, B
X 500 nm & 1000 nm O 2 FEFH OIS E WO I % Al L
o, BALERESORBICNLZ, FRHEESCA Sy &Y
V=R (BRETE) Y ORISR WOsD G & 1
BRI G 2 D RBARAE L., RIREZORENT, T
TOHERESAMB L OFEEIZRB W THEIBRN 80% 2 # 2 5 H
R LT, BEIRFE T, 1000 nm OFEHE 500 nm DFRE
IV HBERENELS, ERAMZIERICBWTCHEFITHD Z
EERLTZY.

2. SEOKRZIZEITHHE

AT, BlEfiE VO & WOs OHF e &kl 25 & &
BASH T e AR BB T 22T TETH D,
VO2 IZ2WT, VO DREIRBRD A = XA LOfERA & ==
—naryta—7T 47, 7T T7OEBMEE~DICHE
HIET. Sbig, VR 28MEE L T2 BBREEY 7 X1
B L CiX, SiOZhzx THIDRIABGIEEAEA L, =S|I
BT H5FEREONELE KGNHALARERL N ESEDLZ LI
k9 5. Fiz, VO OHERNEITIT TEMICHER & ST
WD KBNSV AAN Y ZER EOBEANHITH . WO IZH
LT, BOFICERTELEEREY L ONAEE
DFEBEENERE LR WREOEHEITH & & bIcERkICH
FIRRIEEAT O . IS, Fii i RE A R BT e A
THTETHD.

e PN

1) Md. Suruz Mian and Kunio Okimura,

TiN buffer layer on the

VO2 films and the
insulator-metal transition properties, Journal of Vacuum
Science and Technology A, Vol. 32, pp. 041502-1 -
041502-6 (2014).

2) Md. Suruz Mian, Kunio Okimura,
Self-oscillation up to 9 MHz Based on Voltage Triggered

Effect of
conductive growth of

stoichiometric out-of-plane

and Joe Sakai,

Switching in VO2/TiN Point Contact Junctions, Journal
of Applied Physics, Vol. 117, pp. 215305-1 -215305-5
(2015).

3) Kunio Okimura, Md. Suruz Mian, Iwao Yamaguchi,
Tetsuo Tsuchiya, High luminous transmittance and solar
modulation of VO2-based smart windows with SiO2
anti-reflection coatings, Solar Energy Materials and
Solar Cells, Vol. 251, Page 112162 (2023).

4) Md. Suruz Mian, Riko Yagi, Kei Oya, and Takeo Nakano,
Coloring
500-1000-nm-Thick Electrochromic Tungsten Oxide
Films Deposited by Reactive Direct Current Magnetron
Sputtering, Physica Status Solidi A, Vol. 219, Issue 5,
Page 2100646 (2021).

and Bleaching Properties of
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Fig. 1 “FORPHEUS” play table tennis with human player
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Fig. 2 Flowchart of self-learning process for improving robot

return accuracy
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