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Acceleration Project of Next Generation 3D Manufacturing

- Digital Manufacturing Advanced Engineer Training [3] -
Advanced Processing Technology Development Section Fujio UCHIDA, Shinya SASAKI,
Kazumi KOMATSU, Masashi OHTAKE, and Susumu SEGAWA
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Abstract

In recent years, digital engineering through 3D CAD/CAM/CAE/RP is shifting from prototype, such as mocking up new
products with 3D printers, to additive manufacturing (AM), which is directly manufacturing final products with 3D printers.
Therefore, in this project, we applied the digital engineering technology we have been doing to the technical issues of enterprises
in the prefecture, and supported the training of design engineers for the purpose of improving production efficiency and quality
and lowering costs.
[ Key words: 3D CAD/CAM/CAE/RP, 3D-Printer, 3D-Sand Casting Meister, AM ]
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Acceleration Project of Next Generation 3D Manufacturing
- 3D Manufacturing Evolution [3] -
Smart Manufacturing Technology Group Fujio UCHIDA, Shinya SASAKI, Susumu SEGAWA
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Abstract

Since last fiscal year, we have been promoting research and development related to next-generation 3D manufacturing
technology for Digital Transformation. However, due to the wide applicability of 3D and digital technology, we have been able
to expand its application to the fields of welfare, art, and cultural asset replicas in addition to the industrial field this fiscal year.
In this paper, we report on the application of the technology to these fields of application.

[ Keywords: 3D manufacturing, welfare, art, cultural asset replica, reverse engineering ]
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Development of Remote Work Systems using Telecommunication Technologies
including 5G
- Technology Construction for Digitization and Remoteization utilizing I'T and

Sensors [3] -
Information and Electronics Group
Kenji TAN, Daizo SASAKI, Ryo ITO, and Adiljan AYATA
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Abstract

To date, we have conducted Internet of Things (IoT) training, computer network training, and sensor training with the aim of
developing human resources who can improve work efficiency at manufacturing sites. This year, in addition to the above training,
we held a new training session on Artificial Intelligence (AI) technology, which is expected to improve productivity, strengthen
quality control, reduce costs, and create new value.

[ Key words: IoT, computer network, sensor, Al ]
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Development of Remote Work Systems using Telecommunication Technologies
including 5G
- Demonstration Test of Remote Control Robot Technology [3] -
Smart Manufacturing Technology Group Masashi OHTAKE, Susumu SEGAWA, Kazumi KOMATSU
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Abstract

Due to the influence of COVID-19, working styles that avoid contact with people as much as possible have been required.
Therefore, interest in remote monitoring and remote control by introducing ICT and robotics technology have been increasing.
In this research, the demonstration experiment using remote control collaborative robot system is conducted, and we develop
technology for remote-control robot system using an inexpensive one-board microcomputer and open source.

[ Key words: ICT, robotics, labor saving, remote monitoring, remote control |
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Abstract

In recent years, there has been a growing need for reverse engineering, in which parts for which there are no drawings or
machining data, or actual products such as molds, are measured with a 3D measurement device, and the data is used to
manufacture products for updating. Generally, when manufacturing products by cutting, it is necessary to create NC data using
CAD/CAM. On the other hand, STL data with free curved surfaces obtained from measurement devices such as 3D scanners
used in 3D printers needs to be converted to STEP data or IGES data. Therefore, editing in CAD/CAM is difficult. In this report,
we will introduce various reverse engineering cases in which we devised an STL data conversion method for parts with free-
form surfaces and created machining paths that are assumed to be machined with a 5-axis control machining center.

[ Key words: 3D CAD/CAM, STL data, Reverse engineering, 5-axis control machining center ]
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Abstract

TiC having high hardness, good wear and heat resistance is used for cutting tools. However, pure TiC is difficult to sinter in
dense without metallic binders. TiC is sintered with the addition of metallic binders, but deteriorates the mechanical properties.
The addition of SiC to TiC improves sintering and mechanical properties. In this study, ZrC added to improve mechanical
properites of TiC-SiC ceramics. These ceramics were sintered by resistance-heated hot-pressing, and were examined
mechanical properties.

[ Key words: TiC, SiC, ZrC, mechanical properties ]
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Abstract

We have studied the properties and performances of plastic materials and the polymer processing technology for improving
productivity and developing new products of the companies based in Akita Prefecture. This paper describes the development of
organic/inorganic composite coatings to improve the mold releasability at the plastic injection molding.

[ Key words: Organic/inorganic composite coating, Releasability, Injection molding ]
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Abstract

Printed electronics (PE) is a series of printing methods used to create electronic circuits and devices on various substrates. PE
replaces processes such as exposure and development with printing and is also expected from the point of environmental harmony
such as low cost, energy saving, productivity improvement, waste reduction, and the like. In this research, we examined
consideration of heat radiation measures for molds.

[ Key words: printed electronics, dispenser printing, conductive adhesive, thin film temperature sensor |
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Abstract

Carbon Fiber Reinforced Thermosetting Plastic (CFRP) is widely used in various fields from aerospace to sports goods due
to its lightweight and high strength. In this project, the caul plate was changed from an aluminum plate to a resin plate with the
aim of reducing costs during the autoclave method of CFRP flat plate molding. The molded CFRP flat plate measured the plate
thickness and surface shape, and the resin plate used as the caul plate measured the surface shape before and after molding.

[ Keywords: Carbon Fiber Reinforced Plastic, Caul Plate, Autoclave Molding |
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Abstract

In injection molding, there is possibility of causing local damage of molds because the molds wear due to the injection pressure
and the corrosion of mold also occurs by gas. Those damages cause the burr defection. To improve wear resistance of parts where
the damage occur, the molds became locally hardened by the laser heat treatment in this report. The laser heart treatment process
was optimized for the mold made by S55C. As the result, it was clarified that hardening treatment which obtained uniformly
surface hardness needed two times quenching treatment and two times tempering treatment. Optimized process for molds (S55C)
was applied for the actual mold. Wear status of the mold was observed after injection molding. It was confirmed that burr
defection did not occur and the laser heat treatment had effect on the improvement of the wear resistance for molds.

[ Keywords: Laser heat treatment, S55C, Molds, Injection molding, Wear resistance |
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Abstract

We have studied polymer processing technologies for plastic resource circulation. Although material recycling has been
required for plastic resource circulation, local companies have a low recycling rate. This work aims to enhance the enterprise
value of local companies by contributing to carbon neutrality. We describe the mechanical properties of recycled polybutylene
terephthalate obtained by direct recycling injection molding.

[ Key words: plastic resource circulation, vented injection molding, mechanical properties ]
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Abstract

Enhancements on magneto-optical (MO) effects due to optical interferences, photonic crystals, and plasmon resonances have
been extensively studied, because large MO activities are desirable in practical applications, such as optical recording media,
telecommunications, and optical chemical and biological sensors. In this research, the improvements in magnetic properties of
MO plasmon elements have been investigated for bio-chemical sensing applications. The CoPt magnetic ultra-thin films
generated very low magnetic saturation field, and so it would be useful for high-performance sensor elements.

[ Key words: chemical and biological sensor, magneto-optical effect, optical interference ]
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Abstract

A liquid crystal (LC) lens is a one of a functional optical device, which can be changing of focus length with control of
electrical voltage, and also is one of the important technical seeds invented in Akita Prefecture. The LC lenses with a limited
diameter high-resistance film were tried and shown improvement of the convex lens characteristics. In this report, in order to
improve the concave lens characteristics, the conventional driving method by electrode structure with a circular center electrode
and outer electrodes was revised. A LC lens was made with an electrode structure of a with two-divided center electrodes, the
control of the driving voltage and driving frequency of the outer electrode was investigated. As a result, frequency control is
considered to be a useful driving method for improving concave lens characteristics from the viewpoint of reducing aberrations.

[ Key words: liquid crystal lens, high-resistance film, optical properties, electrode structure, driving method |
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Electro-Optics and System Control Technologies for Productivity Improvement
and New Products
- Development of Rapid Diagnostic System for New Viruses using Electric Field
Mixing (EFM) [3] -
System Control Group Ryuta NAKAMURA, Yoshinobu OKUBO and Takayuki KUSUMI
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Abstract

By the electric field mixing (EFM) that is Akita's original technology, we aim to speed up the processing time of the ELISA
method, which can be applied to antibody test for Infectious diseases caused by new viruses. In this report, as a new detection
method to replace the conventional absorbance measurement, using a quick light quality sensor originally developed by Otaki
Electric Manufacturing Co., Ltd., we developed a device to evaluate the color tone of colored droplets, and evaluated the
correlation between conventional absorbance measurement and color tone measurement in ELISA.

[ Key words: Electric Field Mixing, enzyme-linked immunosorbent assay, antigen-antibody reaction, quick light quality sensor ]
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Electro-Optics and System Control Technologies for Productivity Improvement
and New Products
- Technical assistance for Processing of Crystalline materials

using Electric Field-assisted Abrasives control technology [1] -
System Control Group Takayuki KUSUMI and Masami ECHIGOYA
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Abstract

“Crystalline materials,” known since ancient times as materials for jewelry such as rubies, are widely used in today’s industrial
applications in a wide range of fields such as electronic devices, light-emitting elements, optical elements, energy conversion
elements, etc. This project provides advanced technical assistance for the processing of brittle materials such as crystalline
materials from slicing out ingots to high-grade surface polishing through proposals for processing technology using Electric
Field-assisted Abrasives control technology, that is Akita's original technology. This year, we have conducted joint research with
polishing machine manufacturers towards the practical application of Electric Field-assisted Abrasives control technology. And
we have provided advanced technical support for the processing of brittle materials through evaluations of processing quality
using various measuring instruments.

[ Key words: Electric Field-assisted Abrasives control technology, Crystalline materials, slicing, polishing ]

1. IXU¥ic

RGBT 1, <A E —0K 72 EEffiihE L THLIL T EFTH L0, 4 H O THEMHRITHIAHNS
IWTEY, BTT MR FNHR T, FHR T X —LBRBE T2 BRN G THAISh TS, ZhHOE
I, RS E ATy MBI L, FTEDIEIRICEE X 121412, iSO BEREA SRS D720 ORI Z AR
T BT I A=A —F —ETEE BT AZLIC L TR LTRSS, B RICIE, 2R b0 e
TR RSN DATHRIER, ITED TR O @ ELIC > TET 38Rk Em £ R E A AR UGS E AN LA
ELTDRENEEIAET D,

_74_



AT, FRIEA =Y OGI LG SR L BT ETOS TRISHL T, R IRERE
S —CTIRA T DA TRREREE LD TAZEFAERS, Bk F AR B BT T 2 BB BRI AR = L D88 N T8 dfrod
R/ 2L T, SRRSO e N TES o s AL Sz 217,

2. PG - AT IO TEAG ORI LA BT in - M B L 48

AT, BEPAMEZE BB 0D 27 T OB BN 18 FEFT) (2t
L. BAfrFR % - 45354 107 £, SAiFIH 60 14, 85 52 FEmT5E 20 4, 3t
[FRIBFSE 10 h7p & a1 L T, ST in e m AL SR A T i L7z,

FEAMG AT SR - 1 IIRK R PE SR AN o — IS TIRE T2
SIRRE Y M — 7 BAMEE I &> TIRBIE SIC V= nDF A Y ELRT Y
M OREBLENS ThHD, iR DORERL A VR AIZELDAT T TFIRD
fll, LZAEZAIZ, Y DIIRT T TN A TODERTPBLIES
7o FEERMEFCIZIO WV o7y M R IS ICIRS TN R0 1 i) i 2y figbe 7 m— 7 SEASGE I
A=V RASTMLEEEBEL TS, I LEEEOWESIL, #% LEO 13 SiC v D5 S EEES
TR OBERIZZL O T, M TO R LELOHBIED —D LD,

' 100.0 nm

Height Sensor

Abrasives ,Workpiece

Electrode *
« 4 /

3. BRSO E LI 7RO o
TR LI, IS I R S > CFEA Y — o O RS 36 ) i,
[ ; E

TR E R, 2 BRI BB I TR LT, X 2 1R T 1512
BRI DO TREE M2 INH S H, FEBmEICS I ZiATe Z LI X > TR E A& 2 BRI EERE R

B T R, — 7. B AIEA I e -
% EE IS~ RN T AL ERH DT80 HEE T AGATeBEITHI (a) ~ ] J:Zif?liﬁ
BRI, B K FRLOBRC L, B TR 5Tb Do =
DEYEINREZRRRE L2 > TRIMED N—R A D—D(Z725 TS, . TEEmEE

2T B A— Ty — SR A T RO < s
ST~ KA TR~ KA ) - s
R L TR OBHE A LR, RSO —boR LR -
DI, F, EREIERERE EREE DU LT, CHETRE IL)@ \—-Tl\";i;;g
2 T D R S L, S

B3 S

4. F1® BB, (D BR A

BB SRR B B AT 0 FE AR AT C WFBE RS i A— T — L SR [R5
ATV, PERDE R HUMA RS — AL LI F B~ R 5 R Cld7a< | 5 FRCRLHIE ] FEAR LA B~ N % 45 Bfe i
B L7 OB E AR R LT, 7o, B —CRA T 5B FREMH S IO TGz 28 L TR
MO CH O @ AL AT SR A AT o 72,
X mR
(1] 7R ERG—fih, Wi BORSRE MR IR Z IR EE S IEOBHZE, B AR -5 SR C i, 66, 649, (2000) 270.
(2] FREEFEFD, B TFE—, AEHEE, BARRRIHENC 3010 D FEMRAC B & SRR S 08, 2023 ARFERRKIIN T 52
AR R AR, (2023) 40.

_75_



TRV —HEIRORN{ZERERN
- TRVX—DOFERAF| BT 2 E N BI% [3] -

e — BBV V—7 @l RS, S Fnss

Development of Energy Technology
- Technology for Effective use of Energy [3] -
New energy and Environment Group Kentaro TAKAYAMA and Kazuyuki ISE
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Abstract

The increasing disposal of photovoltaic panels (PV panels) is expected to lead to a shortage of final disposal sites. To solve
this problem, it is important to develop a degradation diagnosis technology to determine whether used PV panels can be reused
or not. We are studying a new degradation diagnosis technology based on the AC impedance method. This year, weathering tests
were conducted on PV panels under additional conditions such as condensation. The results showed that the PV panels were
degraded after the weather resistance test, which was confirmed by the AC impedance method.

[ Keywords: photovoltaic power generation, deterioration diagnosis, AC impedance method, weather resistance test ]
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Development of Energy Technology
- Development of Thermal Management Technology and Deployment for

Companies in the Prefecture [3] -
New energy and Environment Group Makoto INOUE and Kazuyuki ISE
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Abstract

A heat exchanger and heat power generation were studied for effective utilization of thermal energy in the prefecture. For the
heat exchanger, a basic analysis of a newly proposed double-tube structure was conducted, assuming a residential heat pump
unit that uses CO as refrigerant. The possibility of performance improvement in heat exchanger by generating turbulence in the
inner tube where water flows was confirmed through thermo-fluid analysis.

We have also conducted a basic demonstration of a thermoelectric system as a power source for IoT. A prototype was
fabricated and demonstrated using a structure whose performance was predicted by thermal analysis. As a result, it was confirmed
that continuous operation of IoT devices was possible even with a small footprint and small temperature differences.

[ Keywords: double-tube heat exchangers, turbulence, thermo-fluid analysis, thermoelectric, IoT device |
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Development of Energy Technology
- Radio Frequency Application Technology for Wireless Devices [3] -
Opto-electronics Group Takahiro KUROSAWA and Takanori KIYA
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Abstract

We improved the performance of a light-scanning electromagnetic field distribution measurement system using modulated
scattering techniques. This system could measure the electromagnetic field distribution in the mm-wave band with sub-mm
spatial resolution. As an application of this system, evaluate electromagnetic wave shielding effects from microwave to mm-
wave bands. For the wireless power transfer system, we demonstrated a 250W-class high-power, high-efficiency wireless power
transfer system. And a non-contact heating stirring device jointly developed with ACTLAS Inc. .

[ Keywords: electric field sensors, modulated scattering, wireless power transfer, EMC ]
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Project of advanced technologies for Akita manufacturing industries

- Development of New Industries based on High Energy Accelerator Technology [3]
Functional Materials and Device Group Hidenori KASAMATSU, Tomoya ABE and Takashi SEKINE

Machining and Materials Processing Group Kengo KUROSAWA

Optoelectronics Group Haruki YAMANE and Yuji KONDO
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Abstract

Currently, projects using new high-energy accelerator technology are operation in the Tohoku region. We aimed to encouraging
local companies to participate in accelerator projects and fostering new industries based on high-energy accelerator technology.
In this year, we worked on the deployment of next-generation accelerator technology by local companies and the construction
of synchrotron radiation measurement technology and the training of technicians.

[ Key words: accelerator, synchrotron radiation, measurement technology |
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Project of advanced technologies for Akita manufacturing industries
- Aircraft electrification (Subsidy Project for Regional University / Regional
Industry Creation) [3] -
Functional Material and Device Group Yasuhiko YAMAMOTO
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Abstract
We would like to introduce this year's results regarding aircraft electrification, which is being researched as an industry-
university-government collaboration project in Akita Prefecture. We supported the development of "plastic magnet rotors for

non

ultra-high-speed motors," "electric turbo blowers for large-capacity hydrogen recirculation equipment,” and "megawatt-class
electric motors." This development was carried out by the "New Generation Motor Characteristics Evaluation Laboratory,"
which was established as a research base for this project, in collaboration with universities in the prefecture and companies inside
and outside the prefecture.

[ Key words: Aircraft electrification, Industry-University-Government collaboration, Plastic magnet rotors, Electric turbo

blowers, Megawatt-class ]
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A Development of Tele-Presence system using 5G [3]
Electronics and Optics Application Development Section Kenji TAN, Daizo SASAKI, Ryo ITO, Adiljan AYATA
Advanced Processing Technology Development Section Masashi OHTAKE
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Abstract

In order to provide remote operation as a solution for lack of manpower, this report presents elemental technologies
that we are engaged in to develop a Tele-Presence system using local 5G. The elemental technologies which are needed
in the proposed system, include radio communication, image transmission and mechanical control. In this report, the
development of a relay system and a natural language recognition system, and experiments on local 5G communications
are presented.

[ Key words: Local 5G, Tele-Presence system, Radio Communication, Image Transmission, NLP]
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Establishment of Basic Technology for Microstructure Optical Elements [3]

Functional Materials and Device Group Hidenori KASAMATSU
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Abstract

The Akita Prefectural Industrial Technology Center aims to increase the number of companies within the prefecture that can
develop their own brand products. To achieve this, we are looking to offer support in the design and development of optical system
products. Accordingly, we intend to enhance or newly incorporate optical design technologies for assembling optical systems,
evaluation and analysis techniques for optical instruments and components, and manufacturing technologies for advanced optical
elements into our center's technological seeds.

This fiscal year, we have developed a system capable of measuring the optical performance of lens units composed of multiple
lenses, using MTF (Modulation Transfer Function).
[ Keywords: Optical Design, Interferometer, MTF ]
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Development of Quality and Equipment Monitoring Technology and Application
of Smart Factories [1]

Smart Manufacturing Technology Group
Susumu SEGAWA, Kazumi KOMATSU, Masashi OHTAKE, Akito TAKAHASHI, Shinya SASAKI and Fujio UCHIDA
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Abstract

In the manufacturing industry, labor shortages due to the declining birthrate and aging population are becoming more
serious, and productivity improvement has become an issue. In recent years, the use of digital technology by companies
has become more common, and its popularization is especially required in Akita Prefecture. The purpose of this research
is to develop and disseminate productivity-enhancing technologies that utilize IoT, Al, and robot technologies. This year,
we developed an IoT system for equipment monitoring by measuring vibration and electric current, and conducted a
training program for companies. Additionally, we created a simple smart factory demonstration device combining IoT,
Al, and robot technologies to make it easier to visualize their usage.

[ Keywords: 10T, Al robot, sensing, predictive maintenance |
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Development of Metal AM Technology Contributing to

Enhancement of Mold Functionality. [1]
Machining and Materials Processing Group Kengo KUROSAWA, Atsuko TAKITA

£33

& BB S (S8 AM) X, IO BT D-S3<0ET L CENA TEADEA TND, T L—
 DED 504 F AM IZBHITZ IR OIEIZNE#ECH D, R EOBIFIEA E L MEEh RO ) 23S HIRE
T&5, LnL, AFRUIABDKREN o | SR OBE B L ORHIIE ~DOB TR ERN ThHD, £ TR TIE,
RS S H R B D& Tl D~ VT o A MR AT UL A% IV T AM M &8 T e A VERIL | S RE ~D
WM AR T, ZORER, AM MITEBLE A i S72< 8 | ERGM LRIFE DM S 2R SHHHMBIE T&E52
LRSI,

[(F—U—F: & BEEER (@8 AM) . V1YL —% DED, ©& ]

Abstract

Metal additive manufacturing (AM) is increasingly being introduced as a next-generation high-value manufacturing
technology both domestically and internationally. Laser-wire Directed Energy Deposition (DED) metal AM, while
challenging for fabricating intricate shapes, offers high compatibility with conventional technologies, thus promising
improved material efficiency. However, due to its significant heat input, the adoption of this method for mold
manufacturing and repair is limited. Then, in this study, we attempted to create molds including AM materials using
martensitic stainless steel, which is commonly used as mold material for resin injection molding and tried to apply them
to injection molding. As a result, it was confirmed that AM materials exhibit comparable hardness to conventional mold
materials even without heat treatment, thereby confirming their suitability for use in injection molding.

[ Keywords: metal additive manufacturing (metal AM) , laser-wire DED, molds, injection molding ]
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L. AM #4+0.8~FEA4 1-0.6 mm £ T 8 Bl L7z, #ib Dl SakBRis RAMNEZ . ZOBZEE (M) 25 A /AM
O J k% o AR BR CRER SN D JOIT/E R LT,

Base Material(BM),STAVAX
/ AM Material(AM-M),SUS42032 A
Injection Molding Mold,STAVAX+SUS420]2 -
- A
i 8 8| |8
|| g
1 =
90 23.8 <
==
1 DED &8 AM & DO#ERK X2 FREER T L STIERILE
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3—2& T M - T OFH

&AM ORI 7 L CL SHIE S X BRI I LRI A — AT A NEE R LT,

HSPEIIL, v A7y —AFEGH ((BR) =Y YT AMT-XT7FS-B) % iV iz, sRBR{w E 1% 2 kef EL7z, &7
MDY T G, Wi ORES AN RT L CIAARITE LTz, Hbr B SR vEnr @ | bz~ 1
2J7TH, AM M7 T2 J5 &L BEFPHIE-10~+4 mm, [EIF&IE 0.5 mm &L7-,

PRGSO I, X BRI PEIEE (VAT 7 T3 (BR) | u-x360s) 2 o, Yo7 Witk o4
BRI T LT8R 7 vy 7 ThY | E ORI R AHIE LT,
3—3H AT AR

SR, BB U RO (B ORSBIAE T3 (BK) . NEX110V-12EG) & i\, 1ERLL 7o @3, R A3 2
MINBREIEHIZM) > T @S 0.2 mm OBEEZ ED IS I 2=y ME—/ )L NIZHEIAATZ, PP Z VT
100 =y fEL, BIEARNZ LD R CTEZ720  PC/GF10%IZ L5 ke & Ehiti UT-, BB S FEIE ) AR E
280 C. 4R 80 C., HHHIELE 110 mm/s LLT-, BUEHT, 100 a2 Mg, 500 oy MEIC@RIZT UL~
nAa—7 (AU /A (KR) . DSX1000) TEIERL, 777 DA 72 L e LTz,

4. EBRERBLIOEE
4 — 1878 Fd OFFAbRE R

3T A A O g TERIR LT T D DAG LAV ST E RS B m 7, BRI OVES I, Fob b2 v
(I~ AT AG P EEM I, 7T 273 AM MR CTH D, HEBOmESIE, €y —AEF 2V TiRbNZ
HV2.0 % HRC ([ZHRE L 726 D THDH, Ol aaimah . A& H i, OIS AR O RE /L TD,
THDONLEICIB N THESK-2 mm FTIE, STAVAX AR OIS BHERFS AL TV, £ £ 1.5 mm OFEFHIZIS
T, EM1D AM M ~OEB I THY, XD EF R TED, 1.5 mm X0 EWHIFA Tk, HRC60 F2E%
HEFFL TRV, &R T+ 072l DD Z LAV HIA LT, ZO L5722 fiE, thofEik Thalo b,

41T X MR 2 FIO 2SR RO 1 ORGSR 2R3, /A0 B R OB I TR HETHLEM Lirinb DT
D, WTNHRREE 64 HEILTZERO A THD, M 4@) 3 FEIS 3SR AL 0T
HY | BRIERE S R OF RIS S DM GBS Tz, o, ZOFEHEIEHI-400 MPa ThHY, RO EFHamn
R CEDMEMERLIZL, A —AT T A NI 15%FE TH-7-08, Ml ~EZ-0.4mm OHE T 30%
WIVMESEDIZ, ZOFRRIZOWTEL FEA RE AL, S B RFT5 T E THD,

~
o

OBeginning Deposition
AIntermediate Interface

T
|
|
[ OTerminal Nﬂi_ai@ﬁ @) |pamne +0.8 (b) | point +0.8
|

60 Start Start
50 g; +0.6 +0.6
+0.4 +0.4
40 O d)O
+0.2 +0.2
A

W
o

e e

Converted Rockwell hardness, HRC

|
|
a,
I 500 ‘35%
20 | 0.2 -0.2
Base Material : AM Material o ﬁ A
10 (Lower side) | (Upper side)
I -0. End -0. End
0 .‘.x...“.,‘.‘.«..‘! ....... -100 B point o% §° point
-10 -8 -6 -4 -2 0 2 4
Measurementposition/ mm (a) iflééj}ﬁ}jjﬁj\?ﬁ (b) ﬁf‘%’?j‘*%?“)‘/}’]\ﬁj\?ﬁ
3 SELERM RIS HROBS AR X 4 XSREHTE RSB R R O PSR
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4—2/ERL 72 &R B IO B~ DE SR

TERIL 7= &R OAMBLE 2 = E— VR B L OB IO AT 7R BB & (X 5 1R, FlfEE R I3A 1.5h TR T
Lo, @RNCRRI T B AT IE, A AM FR TR KA ELLT WEBAH 2 S ik Ch oo, 77970
BA AR, RARREIFERO BT,

6 IZEIE R, 100 Ty Mg, 500 ay MEOE MmO 2 Rd, FEDSHEA1-0.6 mm 2°5-0.4 mm DE:7E
HCHY, EBDS AM M H1+0.8 mm 2°25+0.6 mm DB ThD, AR TIL, AL TVEBZHND
PC/GF10%% i FAL7Z28, WO ZEICE N TE 500 Ty b TR ZEA I O BEFECEZ A DR A ITROHNR) -
oo SR O I 2 5D 2 SIS CTE T2, Tay MEOBIINC, MEIE B2 2 MFL., 4 % IR HF A
AIRETH Ll DM EDN DD,

AM-Material side AM-Material side AM-Material side
Initial 100 shots 500 shots

Resin flow | z= 0.6

z=04

BM side BM side BM side
Initial 100 shots 500 shots

Resin flow, >= -0.4

z=-0.6

5 {ERL7-&R LR~ R 6 SRUBEROBERR

5. £L®
AAEEEIX, VAL —3 DED FROEE AM &4 T BRI O S&BM Th o~ LT AR RA
T UL A SUS42012 DIEFESR /R EZEtL ., LL T OfSimni fsbiic,
(1) H#¢% STAVAX, BEIEEHM%Z SUS420)2 L9 DiEMIFA 3R E LTz, TERL 7200 FM 2 0 F s
TRIELIAE R SRR RIS AR RS R B2 E O KRR D B> T,
(2) FEEM(DOSREAM PO T VAR ESERERE LT, 2 ORER . AM MR A i S7e< L
HRC60 FREEZ R LTz, Fo, Fobf D HRC30 B THY | AR BBINGZEIT/ NS o7z,
(3) AEAMMNSEEE A TR EERIL, PC/GF10%D 5 H R IE A £l L 7= 45 58, 500 T avhETlaEs
REFAEET IS ZG5bD ThoTe, S %ITEHEHREIC DWW TR 20 ERHD,

BIRE AWFIEOZATICHIZY ., LR TEZ T L TN D = 2B (BR) PEE A bo =2 2 RUERT . Frik B (kR
I3 EE T R B 1 T ORI T 1E I DWW TR ARB S A o2 e, Z2ICRU TR L BT,

BN N

[1] FAREZIFN AR BERZREE, 10 24 4 5(2021), pp.187-191.

[2] EAHR AT B Torax 2 182 [BI R E R S s A E4E, (2023), p.43.

[3] EEFEED, IIFLURE - T2 — 5 - W, (2009), pp.55-59.
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1. R

iRt 24 4 A
B 34 7TAH
BEAFn 1245 5 A
BEAFI 174 1A
MHFn 214 4 A
MEFI 30 4F 9 A

iAFn 36 4F 6 A
WAFn 37 4= 4 A
WAFn 41 4F 4 A
BAFn 414 7 A
MHFn 424 4 A
BAFn 43 4 1 A
Wfn 43 4 3 H
BAFn 43 4 4 A
Wfn 46 4 8 H
WFn 47 4 6 H
BAFn 48 4 4 A
iEfn 49 4 3 H
IAFn 57 4= 10 A
iEFn 58 4F 3 A
WAFn 61 4

EF 614 4 A

YRk 44 3 H
YRk 44 9 H

VR 4411 A
YRk TH 4 A

P TR RD T3RRGO RE LR,

BT L FRETIC, B R TR T2 ikiE,

BRI TS AT CePRL , BKH K B IR,

K E VLA A T 2SR T R AT

K P B 1B T 354 Tk 3T,

K HE R TSR & PR, K FEH UL A AR L 25 sy, K F R e oS FR s iy
DA FRZ | EIEHVRK U TR A AR S AT | K I TR ) s
T LR,

K HE R TS RRBRA Bk U 3B RE AR BT L (R KA S T & RR 1

Bl ARHNTAMR A S0 | BB £R . B LR TSR R TR &R,

RIGHZ EARREBRF 23R,

AIGABEE T,

AL R B B B (LR O 28T o B

I M NERBR T ONTARH N TREHR T3 T,

TR B T A B UL

TERETFA RS, LERBRSG REFHE T 28K H IR AR BS ~ B
AL, R IR BRI T,

LR e TR, A TR T2 HR LU,
TR THAN I W R A

Pt 4 B ) FEBRIH O T 52k, 1HIRIE IR B &,

FRH R TR B 2 — LSO L BRI TR TRV TR B4, i,

TEE 2 —REMIRE T AP L,

VR 2 v B i PE 2 « A2l SRR I 25 B3 B TR B OBl SR 2 585
728D O 8 FE 7RI Fe R B AR 1 O B | OFE S

RERR A AE | b TR B i [T 28 AR, i P B R S A R, W R & T3 Ak
R A AL 25, AL T A BB LA T A B Lk,
TR IR SRBIER 34 5120 TRK HH L i PE T AIFSE 7T ) D RR (82 IR

[FRFFERT DM TER, (RO EE, B Ag 23,130 ni, LELR HFE 6,500

mt (NZY—2/b—2 300 ni))

[FIFZERT . BHEX

TR 2 —ARM T A B 1L,
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Ek 8 4

PRk 8 4
Rk 11 4F
Pk 12 4
Rk 14 4F

Rk 15 4F

YRR 17 4

YRR 17 4

Rk 23 4

ERE 30 4

S 24

4 H

8 H
3 H
4 H
4 H

4 H

4 H

5 H

4 H

4 H

4 H

T2 — O T, S AR E A R AT LRI EAT =2 2B
FEEIT | BEARA L 2 T 3EABHER & AR PE R R 12 2 2 AL 2801 S i, SRR Bl
A R - BREE S AT AR ST,

TR 2 — B A R 2B AR

T2 — R T DT A e 24— L GRIE,
T2 — ) IS FT 2 BE 1L,

TR BRI S AT LA BREE S AT DR LR,
TN 2 —OMAEUIRIZEY | FflZ gL 7 — T HET 5, (F@ AT
LBAFEER, A b =7 ZBAFEH, LR BRI, AL PEBANAE, BREE S AT Afia T
FINER S AT DT N—T AN NA=I AT —T TIEME V—T | R
TN—T BBV AT LT N—T7 L)

HEPEBANT I N —T B EPES AT DT N— T GBI T ) — T\ R,

IN—T AR F—Aiil & D, HHIVE AT B L& PR FE 5 (/N
WT) DRFFEER A 204G, (FHS AT LT N —TF A A= 2T N—"F | T35k}
TN—T JEFEAT BT N—T REEINTITN—T BREEVAT LI NV—TD 6
T N—T b, T ey =V MFSET — A HARIS R T— A U A2V il
BT — L0 3 F— A4, )

TR 2 — L@ EERATF JE T S & L, PEREBAN R G ik 2 — 2k
P AHARCGRIZ &0 | P& s 8 B . B8 Al . LRt 7 — . @k
P ZERT ~ .,

PEREE AT R O gE L & — & PEEH MR 2 — 1SR, MRRURIC LD B
HEES, Bl /X — a8, B 7 e R AR, B B SEER, Sedii
RE TR 1 BH IS0 & P 2 SohtL

FARRUORIZ X0 | B E ., A /= B, e a e AP, B
BHFEES ., e FH B ST, JevinblRe 32 1 BH R & P 2 ok,
FERR O IZ L0 | KRS 8 PR , A 250, LRI FEHERERD, JodtE 7 e B
B, RIEH B, B IS FHBHIEER, Se bk RE 35 1 BHIE 51 &30 P9 2 SofiL

- 107 -



2. FEErHRE - BE&RN
No. & EFID 3 #8E HEA #5108 HFEES BRES
1|EEE. &V U R, SHEHEEEE T HWC—SICRERHAE Y EANES H16.9.27 H22.6.11 2004-279279 4526343
BRTICBITAFEHBHEKICHBSE-REAEEWN =L LT < a_ g
Y A RURLE SRR HEEF 7 L5 H18.12.4 H23.7.15 2006-326935 4783719
| BRI RIS AT L YFErF BiEEn H18.10.25 H24.2.3 2006-289985 4915565
4| =TS Y5EF IARa R H21.5.11 H26.4.11 2009-114082 5514970
JEEANR IR A, FFEMBIREE. TNEAV KB/ N\1TUSF A TN
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6| E—avREAE. RIGEE. AHPOKBERB T 5HE. &% YFEr '.;.‘; CAR H21.10.22 H27.1.23 2009-243468 5681912
BRAEE. AP ORRERET2HE. RURKREBEE =
7|\wC—SiCREfEADRES X YFErF HILEE H16.9.27 H25.2.15 2010-007009 5198483
S|EMBEEAESLUREMRBLIAES Y5 ?gf;l%— mES H22.7.2 H26.10.17 | 2010-151695 5629850
[FERIDEIRA %, RUEIREE YFErF iﬁﬁ;iaﬁi H22.7.9 H26.5.30 2010-156485 5548860
INERIEZ tER
10| HEE=REE (e KRIEth, ERERE H22.12.16 H27.2.20 2010-280437 5696297
x. AR
11|WCEW—Mo—Si—CREELIIVIRARVZDHER % 455 HILEE H23.3.24 H27.7.10 2011-066045 5771853
12(BERREHEAV-BRRREET (e INETREEZ H23.5.20 H28.5.27 2011-113374 5938597
13| REEABIEEE . AEAEHETFRUREUEHT /MR NERE |BARSE H23824 | H25723 | 13/216065 | VS8R90
14| BBHEBEERUZONES L NERE  |BARS H2312.13 | H2511.19 | 13/323869 U38558262'6
15[HBAET/INAR 45 1R, X H19.2.16 H22.1.8 2007-037047 4435795
16| ABEESLUMBEEICAVONETAYF AL Y5 FEB— H25.3.15 H29.5.26 2013-052876 6145596
bk o ot o o vk — FLElE—. MES
BR%&ESHZ. ERAOAEMBLEAL ERAESFEBRUV.ER = = sy ~
| g i m it e 455 ﬂaﬂigﬂﬁmx H26.1.22 H27.6.5 2014-009634 5754520
FEB—. MER
18|EFREHAToKTIL—L4 YEEF %, hHEK. H26.1.22 H26.12.5 2014-009629 5655180
e
19(UIH TEA EFEESLUAIT AL EITAE 45Er FLEE— H26.1.15 H29.11.24 | 2014-004940 6244573
FEB—. MER
W0|EPERBEMRBLEEE Y B, BFHEKX. H26.2.20 H27.2.20 2014-030179 5696300
e
PCT/JP2013/0
2[RI BRUVEADORREFE Y5EF FHERA. Bk H25.11.7 H30.8.31 80126 6393620
2014-545750
] PCT/JP2013/0[ 018361
22|FYILBRURALORA S X SESFEE | FERBUA. IR H25.11.7 R2.3.4 80126 B1
13843029.3
PCT/JP2013/0[ o -
23[FUILRUEADRRE T E SAESFEF | FEEBEA. IR H25.11.7 H30.1.12 80126 80003276.9
2013 :
] PCT/JP2013/0[ ;c0475128
24|FYILBRURALORR S X SESFEE | FERBUA. IR H25.11.7 H28.10.25 80126 B2
14/229096
FLBE— MES US9835619
B EBERAEABLELEERY. BEHERAEMBEEAE S EEEE E%;H%j& H26.2.20 H29.12.5 14/185533 B2
ME;
26| AEBEM B LURERE 45 iiﬁ;éiﬁi H26.3.18 H30.5.25 2014-054845 6340497
27| IBHMEBER VA EHESS 45 BE= H27.1.22 H30.8.31 2015-010003 6392132
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No. & EFID3I A& HEA #5108 HEEES BRES
28[/KFTKERLES 45 gﬁﬁuﬁiii H27.1.28 H28.9.30 2015-014852 6012782
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J7|BEREREAVE RS FOIRBRE L Y i‘ﬂg—_* wHE H28.2.5 H28.10.21 2016-020839 6026027
38(FEE MM Y5EF HE—E H28.3.8 R2.7.14 2016-044907 6734578
39| KX KRA XY 45Er ﬁ*ﬂiﬁﬂ* Slai H28.3.18 R2.1.17 2016-055934 | 6647589
AW[REGENATVEAE—Sav A&k 45 i‘ﬂ’z_‘ PAE H29.2.27 H30.2.2 2017-034426 6281852
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