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Abstract

In recent years, digital engineering technology by utilizing a three-dimensional CAD / CAM / CAE / RP is, from prototype
development technologies such as mock-up of the new product by the 3D printer, the AM (Additive Manufacturing)
technology to produce a direct real product in the 3D printer It migrated a while. 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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3D Manufacturing Project
- Development of Next Generation 3D Manufacturing Technology -
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Abstract

In recent years, digital engineering technology by utilizing a three-dimensional CAD / CAM / CAE / RP is, from prototype
development technologies such as mock-up of the new product by the 3D printer, the AM (Additive Manufacturing)
technology to produce a direct real product in the 3D printer It migrated a while. However, this technology is not yet been
established by the technical capabilities of the problems such as the design and modeling technology is at present. Therefore, in
this project, our center is to application development the utilization technology of 3D printers you've been doing, 3D CAD /
CAM / CAE technology's technical strength improvement by training, and support of a new foray into the local companies It
was carried out. In addition, by introducing Japan's first 3D mold laminate molding machine, it was also embarked on the
development of new casting technology that leverages a 3D mold lamination molding machine.

[ Key words: 3D CAD/CAM/CAE/RP, 3D-Printer, 3D-Sand Casting Meister, AM ]

1. IICHIT

3D F—ZZ&IEHALTHANE, BAEDOLDO-SIITRIERNEITTHD, Yo Z—TIEFAR 6 FELY 3 kT
CAD/CAM/CAE K USEIEIES AT DA 8 AL, WINAEZEDOHIRL ~ L) E R OS2t A B i SR a1 7o T
o PR 27 AREEIZITHMEA — T A = al AR SR (IS B A — T A SN a BRI S E) | TR
AU, EFEYIO 3D SSRGS E A A LT, ZOFHET, AR, A TR, SRR, B, LR, &R 6 R
DNEEEL | 3D R SIS S L OBFERAT D BISE ) OfESLZ BT H DO Th D, AR TIX, ZOEEY)D 3D #7H
FliE AR ORI L 2 OIEH EHIZ OV T 15,

2. 3D FFAHEEEE
W — B A LTz 3D SRR SR TS — A N #EEL Sand Casting Meister SCM-10 Téb, [EPERIOSHRITE

_54_



JEIETEHE CHY | [HF 7 2y =7 M (TRAFAM) (I THHFE h OB 2 ffaS & Tl A U ET 52508 Th D, TR,
3 kot CAD 7 — X X0EEE ORI ZZ AL I NIEUWET DN TE D720, HERDATISRCSTRINARE THD, IHIT
TR — T N A AR O A BT A Z LN eI e R =0 | $E SO I L s RS D,

3. 3D FHABEEEWHENEAIEALEE ot ~SEILITKITT
REREDFE~

[EPEW)OD 3D SHHURE AL CHP A TS TR LTS, A I TR 1 T
B OREJE B ED AT 5, ZOMERBE A HEMICHIR TSN
FELAZ EEAL T 5L 72 NSRS L R ISR W T, B i7e R ias725, %
ZC, AMFECIX B T T R B 2D | |2 DUV TR LT,

AREBE I CORAETIEBREIC OV TGRAEL FHEL -, X118 &R
ZARER R 2R IR T INCER O RS H M LT, EEAEL 5,
75,10, 125,15, 20° LL7iEBLIHERAK 2 1T, X2 DIDITHER A
FENRELIRDIT OV THASB B 2R/ NS00 | FEfE B 2273 Hi2 < 72 DA )
ThHIEN DT, SHITI 31T LB R SREL IR0 © 7 g ha i p s mme
RREA T, TORME, X 2 LR TG A ERRERDICONT, BEE  FroREREs. 7.5.10.12.5.15.200)
DRI/ NS 72D BB EEZEDS H L7 2 MHF CTlddh D05, NIREERE S C -
WBEESNDFFAIUTITRNE KXV RIL Th o7, 22T, ZOHbEE A%
GO OUGEEL BB IORR G, & 1 IERHL2BE O
FRMEMEE A R 2 1ZBRESRI AR T, X 4 IR B R I A i
L, BFELIRERA R T, TOMER, B L O%E LVBREZ B LI

"H1 BREREMRBE

B SEILIUGES AN, FEREEE IOV T, ABAREICIE AR 2B DD 5E4E H3 HEmOBBRE(RRALL)
(EMoEEHRES.7.5.10,12.5,15,20° )
O e e ket
&1 ERORFHEME =2 HEEH
W o |BEATLI-ERDE R it snsE4E
BRB R—AME g
FEEE | 1700°C
ERAHE | BN HREN FERLLIE
) . 1) E o
ERSE |- EEeR B EEE Y - 3E
BH/BE | Dan/A8/—)L

E4 $hEROMBERE(ERHY)
(EALHEEEES. 7.5.10,12.5.15.20° )

50

5\ A FEE B il s B R RIS HE (Ra) OfE R4 l s
Y, TRRVBRRL OFEBEAE 57 Tl Rads THY, w0l
JE B A IR ELIRDIT O TR Ra2s £TIR R 528M8
biofe, Flo, BREIET LIV T R TOMEMA LI
T, BRI L L L T Ral0~15 FEE £ IR T 5l aa =L,
FEfE B =M E 20° Tif, Ral2 FREF TR T 9220 bho

35

30

25

20

Surface roughness of casting / Ra

Too ZOEINC, FBBSEIC L DB~ DO BIT, BRA AT 15 | 8
Uk o T, REHSAUET D RARD O, 05w .
5t W BEEGY

0 | | L |
0 5 10 15 20 25

Modeling angle / deg.

H5 AHEBREAEICBTHREMESE(Ra)ER
— 55 —



3D HLDOIKNEFE
KRetE 2+ 5. U7- 3D &R R

A EHERERE R fE

3D Manufacturing Project
- Application Development of 3D Shaped Objects with Functionality -

Business Planning Group Ken KUMAGAI
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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 project, in order to
extend the printing area, which was only a conventional flat surface, to the three-dimensional surface, we investigated the
printing method of conductive adhesive using Computer Aided Manufacturing (CAM) software and 3D scan data.

[ Keywords: printed electronics, dispenser printing, conductive adhesive, computer aided manufacturing (CAM)]
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3D Manufacturing Project
- Application of High-Cycle Hot Press Molding Method of CFRTP Composite -

Transportation Materials Group Makoto KUDO, Motoi FUJISHIMA
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Abstract

The high-cycle press molding of CFRTP shows advantages of large-volume production, low-cost processing and
recyclability. So it is expected to widely use of various industrial fields such as automotive, medical, welfare and more. In this
study, aiming to establish high-cycle press molding method of CFRTP, we investigated the reduction of hot press molding
conditions by using rapid heating and cooling molding system. As a result, the molding conditions, such as molding
temperature and pressure, were established to decrease warpage of tablet case. In addition, the arm fixator of power assist suit
was prepared by using wearable CFRP sheet and polyurethane rubber.

[ Key words: CFRTP, Composite material, High-cycle press molding, Hot press molding |
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3D Manufacturing Project
- (2) Support on 3D Machining of Difficult-to-cut Materials
and Complex Shape Parts -

Robotics Group  Masaru KATO, Ryo ITO, Keiichi KUTSUZAWA
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Abstract

Recently, the use of a heat-resistant alloy has increased with the development of the industry of the airplane, automobile,
aerospace, nuclear power. A heat-resistant alloy have characteristics of high strength and high heat resistance, they are regarded
as difficult-to-cut materials. Especially, in cutting, it is extremely difficult in that the machined surface integrity is degraded and
the tool wear is caused. In this study, we experimented drilling of Rene4l of Nickel-based heat resistant alloys by using a
cutting tool which is commercially available as a super heat-resistant alloy processing, and evaluated the performance of these
cutting tool.

[ Key words: Rene4l, super heat-resistant alloy, difficult-to-cut material, drilling, tool wear ]

1. IXC®IC

ARZespE e, FHPEE, BBV EPESE, R IPESEDRIRITHE N BITNEAG- SO HIZMEINL TETWD, I Ch, #iZ2
R BB HEO T VAT = 7V EGBIEG B SV COVDD, ZAIVBIZEIHIIN TSR E 2 #EIRA L LT
W5,

IR, A TEA—DOEIMEGSIN THEFRSID TEDNRFEESNA LN/ > TETo, ZZTAMTIL, =y 7V i
MG O HTYH, b EEHIM ChHEEDIL TS Renedl MZXIEBUT, BAEREADO RV THA VW TRGTIN TIERAAT
VY, TEERECITAREEIC DWW GREL 2O TEO—FEHET 5.

2. Renedl #f DTN ERRE T REEFE - I TIRFEET

EE 100mm, JEX 5mm @ Renedl #a%t52, MHEVG- @I THEL THIRS AL CODRUVIESRZA A /LR — /L3 d
L —T 4 7 RV 3FIE, B/ Yy RRYL VHH, ~NAAT—T 4 7RV VRO FE 4 115 FEORY /L2 H]
W, SENHENI T~ =0 7% (F—27~ 8 mu-400V 11 ) C G81 [EE WA 7 /WD NS IN T3k %177, #H|
PHEAARITHA TEEL, A RULELEEIOBIR [, 40 FCETH U7, BB T 422 1 I10RT, A— w4k

_60_



R 30 B R T EIX OISR 20mimin, /A AR T H (18]
HIBEEEK 7Tmimin &L, Z ORI —SfhE Lz, #HlEL T, LHEEE RS
T HENMREER T U2 L~ A 70 Aa—F (4 7S AL DSX100) THIE%
L. IR A7 — 2 Tl 0 B A HIE LT,

112, 40 SN TA% D T EEEFE K OV Renedl #4040 7 H O H 1A
DOINTAREE, 40 RO AT, OPD@OOMBIERF TEILE
DT E Y [FFLED T HEERETH 1208, @IT00 HIEDIRE DL
REZoiiz, @D A Aa—TF 7 THEIZ, 17 5XH TREIEA
U TEHIELTz, ®O T A, A223/0 718 #4135 40 /UM L RIGET
Ho7-D T, Renedl BISFEHIMEDN BV EDHERRTE 7=, H DR
IITARBEICHSOWTIE, W o T HEE & B2 R 3Bl a2 s
Nz OO AR Z2ITRD BT T, NI DWW T, @D
/U R1% ¢ 5.99 mm T X TE—FThHY, OLXVQ@D THEL 0.01
~0.02mm OZFETH->7=, L)

F1 UIEIMNIEM

BEE | Ah i i
) 0%t FAILHR—IL BEaI—T T
@ Mt FAILF—IL BEI—T 9
©) SAtt | AAL—IL BEa—T1)
@ St /==L BEVYYE
® oft J—=IL NARD—T (Y
" Rene41 (¢ 100 x
WHEIA t5mm)
MIEH ~@ | 6
TEZ(mm) 6
FEAEERE (min-1) 1100 370
EEIEE (m/min) 20.7 7.0
Y IEE (mm/min) 110 37
1EIERE =Y DEY (mm/rev) 0.1 0.1
mIARX G81BEEH 1L
FINTI R (4) 40
H—3vk KBEHY) a—ay

I8 | 547 40730 T 49ﬁ§h511k%()&q) | #ER
L. @O LHIE, Fk 0.37mm Mo
HATYENRHY L LET — el
- N FA4VT NE
B>z, Lk DO | (e g 596~¢
iH) 5.98mmA
DGR | AR R 7 g ean
a—7 7 TEM#ELTH
{-.Z):kiﬁbi)‘/)f:o _
-~ AREHF
- |BEEX
BREa— MIEK
T2 RE
3. ¥&9 @M | (amn o 5.96~0
SH) 5.98mmA

Rene4l # D yR&HIFINTIC
BUIAIMIT — 4% &L

waax

~o SBHEEMSCEH I D
IMLTF —2EFEE K-> TV <

%Ef%éo Q)SAtt

A EFEH
PPREE
A
NEERBE
¢ 5.63~¢
5, 96mm X
e x

HEEY )y

- |PkEES
(evEEE
A

LN

@s#t R (shERes R
i) |9 5.99mmO
#B&AO
NAR
aA—T42
G0 |1 (s
&) @ 5.96~@

5.98mmA

e x x

1 TEEHEEC ORI 718 H OMITRERUVE

_61_




BEREMERATL DOV EE

— Si AV TF NS REROERNACEXREE —
BEREMERA L T RART V—T" g R

Project of Creating Functional Materials
- Development in Si Spin-Device Technology to Local Companies -

Functional Materials and Device Group, Toshio SUZUKI
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Abstract

A design of tunnel barriers for the spin injection into Si has been investigated. Reducing a fixed charge density in the tunnel
barrier has been found to be important along with the effect of the asymmetric potential barrier. Aiming at development in
spin-device technology to local companies, the analysis program for electron spin resonance spectra has been made. Feedback
to the synthetic experiment by using the simulation program led to the creation of the new functional organic molecules in the
local company.

[Key words: Si device, Spintronics, Tunnel junction, Asymmetrical potential barrier, Electron spin resonance]
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Project of Creating Functional Materials
- Development of Local Companies of High Functional Magnet and Multiferroic

Material and Development of Fabrication Technology of Metal Nanocoil -
Functional Material and Device Group Kazuhiko SHINTAKU
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Abstract

Aiming at establishment of a method by using a micro metal body (metal nanocoil) for developing innovative manufacturing
technology of composite materials targeting main structures of aircraft fuselage, materials and fabrication methods of micro
metal body (metal nanocoil) was examined, and fabrication technology for producing in a large area was examined.

[Key words: aircraft, composite materials, metal nanocoil, sputtering machine]
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Project of Creating Functional Materials
- Developing in Manufacturers in Akita Area -
Functional Material and Device Group Yasushi SUGAWARA, Takashi SEKINE, Hatsumi MURATA
Business Planning Group  Shigeaki SUGIYAMA
Akita University Akihiro NINO, Hitoshi TAIMATSU, Kiyoshi FUDA
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Abstract

(2) Sintering of TiC-xmol%SiC (x =50, 70) composition powder using a current sintering process for the purpose of producing
dense TiC-SiC based ceramics with a diameter of 50 mm and a height of 20 mm or more Did. A TiC-SiC-based ceramic with a
diameter of 50 mm and a height of 25 mm prepared by sintering a mixed powder of x = 50 at 1800 C, relative density of
98.7 % and a Vickers hardness of 16.0 GPa.

(2) In order to develop a sulfide thermoelectric material, a mixed powder obtained by adding x mass% Cu (x = 0-80) of copper
powder to a natural pyrite powder or a commercially available iron disulfide powder was sintered by a current sintering process.
The power factor of the commercially available iron disulfide-derived sintered body is showed 2.5 times that of a natural
pyrite-derived sintered body at 5.0 x 10 4 Wm *K?.

[ Key words: Reactive resistance-heated hot pressing, TiC-SiC based ceramics, Thermoelectric material]
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- Project of Manufacturing Innovation Contributing to Advancement of
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Optoelectronics Group Yuji KONDO, Satoshi YANASE, Haruki YAMANE and Masaru UCHIDA

e

K F IR PN O Y62 B PE 23\ AT ) R BB 1215572018, St 2 —CH T 2Bl A I Lo B
WLBAATIOAREENAZ—RL T 3 £ H THD. KFEORVMEAD—FILL T, L A=y bR G IR FHT3
BT DO S MTFE 3 AT AR Z DWW THE T 5.
[F—U—F %, MTF, LR

Abstract

We have performed a technical support project based on related technology held in Akita Industrial Technology Center in
order to acquire technological capabilities and worldwide competitiveness in optical industries in Akita area. As a result of this
project, we report examples of a development of MTF-based simplified tester for the evaluation of the image quality of
assembled lens.
[ Key words: Optics, MTF, Assembled Lens]
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- Efficient using of the energy by heat and fluid analysis and design technology -

New energy and Environment Group Makoto INOUE, Kazuyuki ISE and Toshiaki KEITOKU
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Abstract

From a viewpoint of efficient use of thermal energy; it is difficult to capture the thermal energy flow directly, although it is
possible to measure the temperature of object. Therefore, the technology of thermal computational fluid analysis is considered
to become important, that can predict the thermal energy flow. For the purpose to analyze the thermal problems with the high
accuracy, the development of the technology of fluid analysis is being advanced by two systems, particle-based
Lattice-Boltzmann method and finite volume method.

[ Key words: computational fluid dynamics (CFD), particle-based Lattice-Boltzmann method, finite volume method (FVM)]
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Abstract

Various thermal energy exists at the various places of the world, but its 2/3 is not used. There are geothermal heat of the
natural world and exhaust heat from a factory, as the typical heat source which is not used. It is important that the easily
available technology is constructed for utilizing the heat, without changing heat to the other energy. It is considered as one way
to use a heat exchanger to effective utilization of heat. Therefore, the efficiency of the simple double-tube heat exchanger was
studied by the thermal conduction analysis with finite element method. This analysis had realized the effective optimization
design of the heat exchanger, using with the application of quality engineering.

[ Key words: unused thermal energy, heat exchanger, heat conduction analysis, quality engineering]

1. 1IC®IT

ORI & 7B R VX —DFEIET D0, TOW, IERSTICHATICHEHEN TS, Wb K5 -
PEBADOEI AT 2RO 3530 2, T/ EHE T LIK kKW IZHEEL TD. ZRHOFRFHBOFIHAVD L ThiED I, K
ERRRRENRD A ENDTD, ZOHMERBAMT~OWIFHIRE . BEIER T 28U T, Filx T, EXICE
ZHBNEI WA E DI, BAT R —Z R DT FL X —|TEZ DEAMTDN O RRENTVD. LIRS
ZHOEAE, FIFHLRT W, HEED KA 55 100°C TIRFEIHIICEKN 20% ., FIRIE 5% IR L m2hRAs &
AD T, BRAXHIEOETOA) D72, BURTIZZIUIZE S LHHEA TR, ZD—J7C, Bl /¥ —%E
DOEFHIHTHEANAEEZ T 5E, —RIIITRAF—DREEL LT V20720, PEEEF L0V
R TEMS DR G2 B0, RRIHBOHINEHIZIWT, BERBIRO—2>ThHEEZS.

ZZ CEEMEROBSRI R OFHILL T, ZORFHEH AT D7D I TREFRIEC L DB G iR T
ATV, FHEORBRE D A1 T TRy — /L EL COFTREMERGEZ I ToT2. F72, 23 CRELT- R BRFEIZ 72
FB720, WE THCEDT 7 a—F LD TOHOT, i THRET 2.

7727



2. ARRERIEICL DB IR OB BT

2 SOEHROI COBITHA TS BESHIERDB A, — R B AN 2175 5 358U T Bh DL E 2 Hh
5. LinL7eih, BERAMR A TA—Z DR, SHEaAME 2 58, LRI COBEHEE A B cx 2 8T
FLU. 22T, BUSHIROPERE TS SO EHEE IS, MRATOTRIHEHI D2\ A TREER I L5 BME AR O
B A BT T, Z ORI B EEDET LA 1 1T 2 SO MR S CHRS - BUs it B
1% 30 cm, AMVERENERITFNZ1L20 mm ¢ BELN 12 mm ¢ B2 THS. RETICBWTHIDIZ, SMEIZ1E 60°CO
EEAN 2~8 0/min T, NEFICIE 25 CCORIRAA 4 omin T, 2Rt b H R E BRI B 54
RO RS IR PSSR CRb 2. I, Z DI
FEAT A SR FIRR L C, BRI A A T B RS T _
LT B COBMRERATAATY , ~OROIERAMORES (5 s
D) BRI, 191 2 12, BRI LU T — [l 7 (B T AN
U7 ; () P LBUATRR) . FE D BRI ASID, FikD
£\ 8 0/min TIFETEWDRRELARDHDOD, LU FOi&ET
3, FRATE L R E RIIIEE LTI bA%. Tk P
O BREFEVE T LD MBI O, B IRORR BT — L LU
I TR B AL AT LA TR

1 ZEEABHATBBORTETIV

3. METFEAIC L@ LORE L5
BiR/KiR:60°C
FROIAT, AIRE R TR OMREA T CE% RiBLA maxa e wir
1 L - .- ®

I, BRI T AR STA— ST BT, VAT
WLFEALETHD. 22T, RN ST F A S LTI

EBKFBEES [kw]

0.5
TWBWE T ICEBL, m{biet~DIEH O FTREM A REEL
7o EARIZITERD — 7 Lig BAFRE VY, BUSHigRI 2\ CE 0 i—2 Ta— P
P32 AT D T A— 2% 8§ SOHIEIRT-E U TESHT, JiiEto SEEEKE [e/min]

FIECEMRESRNT 21T T, EORERE LD T, fVE TR H-5< B2 S43THRRAEN DARATIE S SEERMEL 0D LLER
SN LD ER B HRK D —Filz X 3 12R7. Zidh, IR 1-“Q” dk 0
37> SN Ebsmi<, Fiz, B D ERZNRTH REROFE R D5 0 |
iz, 96T, HINAF-“Q7 78, AT TV V- Bz HAgs OMEREZ- TR

N
o

RN
5 BT, BETHSILIDIo T, CORITERL, Jogm So ) [ » ANV
OB ES LB T, FHERTA—ERLHH LA DML &0 T

=3
o

|

4. ik&) i 12 123 123 123 123 123 123
SR AT T B D — oL LT, Bsiizlc B LT poa R o5 T UV
e VB e BF (P~ W) £k (1,2,3)
A B HIR DR Y — L e LT, AIRERIEICLS IR
EEREARNTO TTHEME R LT, SHICIE, S T2 TR0 ANAH i AR
©, AR LR T TE D FB LA, A%, ST ORI A0, RYEREIRIRIC T (— RSy s T2
C, FRIBGAT I35 R 5 B3~ T TR 7.

AN, AR TEL L1372,

N
o

w
o

7737



loT HD 3K E3E

— BNRERIZEBA BV VT VRATAD BN EREE —
ATV I = IR N — G, NE B, Tk TG, R BERT

Project of 10T Industries
- Development of Sensing Devices and Systems with Micro-Optics Devices -

Optoelectronics Group Satoshi YANASE, Masaru UCHIDA, Yuji KONDO and Miyoko MURATA
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[e—U—R:ikdh, SV RUBA LR, BBRIYE, YR, AL 7233z —3a]

Abstract
A liquid crystal(LC) lens is a one of technology seeds from Akita prefecture, and be able to apply for useful optical devices.
ALC cylindrical lens array(LC-CLA) is kind of the LC lens, that has many slit-line shape electrodes, and be expected to realize
a light deflection device for illumination light. In this report, the rubbing directions on the substrates have been studied for
analysis of the LC director and the optical retardation distributions in the LC-CLA cell by using the numerical simulation
software, in order to achieve the high performance device which drives in x-y direction or in spite of the light polarization state,
[ Key words: liquid crystal, cylindrical lens, illumination light, light deflection, director simulation]
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Project of 10T for Manufacturing Technology
- Deployment of Akita Smart Platform Technologies -

Information and Electronics Group Kenji TAN, Shinya SASAKI, Daizo SASAKI, Ryo ITO, Masashi OHTAKE
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[F—DU—R:Al loT. NEFTRE M B, /Y]

Abstract

In order to develop 10T technology closely related to corporate activities such as manufacturing, it is important to cultivate
human resources who can develop and implement IoT solutions within their companies. For the past two years, we have
trained more than 70 engineers through Al / 10T Basic Technology Seminars so that they could develop 10T solutions in-house.
In this fiscal year, through practical workshop "Real Factory loT Hackathon" aimed at adaptation of 10T technology to factories
in operation, we trained engineers so that they could point out problems, propose methods of solving problems by loT
technology, develop 10T solutions which work in factories, and operate the solutions. As a result, we achieved higher level of
technology and human resources than expected.

[ Key words: Al, 10T, Human Resources capable of in-house production, Hackathon]
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- Development of Magneto-optical Chemical and Biological Sensors -
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Abstract

Improvements in magneto-optical (MO) effects due to magneto-photonic crystals and plasmon resonances have been
extensively studied, because large MO activities are desirable in practical applications, such as optical recording system,
telecommunications, and optical chemical and biological sensors. The MO properties in magnetic multilayers and
nanoparticles can be enhanced and/or controlled by the effects of optical interference, photonic crystals and plasmon
resonances. These MO phenomena in magnetic nanostructures are useful for chemical and biological sensing applications.

[ Key words: chemical and biological sensors, magneto-optical effect, magnetic nanostructure, magnetic plasmon]
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Project of 10T for Manufacturing Technology
- EMC Test and Measurement Services -
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Abstract

EMC compliance services by using electromagnetic emission measurement system and electromagnetic immunity testing
system were carried out. EMC testing and analysis technique were provided for improving the EMC quality of equipment.
User requests of the EMC measurement system and technical support were also obtained in this research term.

[ Key words: anechoic chamber, EMC]
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Project of 10T for Manufacturing Technology
- Development of Wireless Power Transfer -

Functional Material and Device Group Takanori KIYA and Takahiro KUROSAWA

i

BIEE BE DL L3 a2 LI AG R T A N B3 L | T DO BRI L O RIS E N R A 15D720D D
MHz 5HISDT AL AFGERIE RN AT DS LT, IS EEIL 6 V ~ 25 V. {580 E 30 k ~ 2 MHz, D
TAZAETE, iR RKTH0 W OEHakZ gL LTz, £z, ik —ANDIATEFET HI2O OFEMT YL AfEEE
Va—VERRFLTZ,
[F—U—R:UAPLRAGE, @B MEE, MRS, 2V G FPC 211 ]

Abstract

A measurement system for wireless power transfer using high frequency in MHz was constructed. A drive circuit of the
system operated in the frequency range from 30 kHz to 2 MHz with high efficiency and transmitted power up to 50 W. With
the system, evaluation and optimization of wireless power transfer devices was performed for practical applications.
[ Key words: wireless power transfer, MHz power transmission, high efficiency power transmission, Magnetic resonant

coupling, coil design]
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Project of Process Control Manufacturing
- Expansion to companies in the prefecture of high-speed, high-precision actuator
technology -

Robotics Group Ryo ARAKAWA, Ryo ITO and Masaru KATO
Technology Coordinate Section Shigeki MORI

2053
il FAEE T 7 F 2= — 2 EAN O BRNEERELC, BEEFECEINORBEEZTo TV D, BERZELIE, &m0
FRIAMEZ A 35720, RIARBRA LoWAR B2 E O 43 By CHEREINN D DB EHZ DSHIFFSIL TS, ZALETOMSE
TIEFE R BAEe > E T 21203, REm (Fbifm) LIS — iR A wE U2 S TR T D B3 HY, #1FH
WIVEIZ Ko THRIED D3 B2, R ZEBCHR I LIRS B2 D T LRSI TN,
A CIE, B SR A R LT R RE CREIRIREN 2N %, f0ki{b 9~ HiifEC%Eh & A AL — R~ (/A2
— 7 TBIERL, TOBHLITHOWTERL-.
[FF—U—R: &N FE, To Yo BB E IR T, IR, TEEE T, T/ T 2 —H]

Abstract

It is reported that liquid atomization phenomenon by using ultrasonic vibration with Langevin-type transducer is caused by
cavitation effect of bubbles in a liquid and capillary wave on liquid surface. In this study, to realize continuous and stable
ultrasonic atomization, observation was made using a high-speed microscope for the state of liquid particle formation by
ultrasonic vibration. It was confirmed that when ultrasonic vibration was applied while holding the liquid film on the vibration
surface, behavior of the atomization phenomenon varied depending not only on the physical properties of the liquid but also on
the thickness and shape of the liquid film determined by the dropping amount.
[Key words: Ultrasonic Atomization, Langevin-type Transducer, Liquid Particle Formation, Piezoelectric Element, Actuator]
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Project of Process Control Manufacturing
- Medical application development of electric field mixing (EFM) -

Medical-engineering collaboration Group Ryuta NAKAMURA, Yoshinobu OKUBO, Takayuki KUSUMI

e

PSR S E 1 (ELISA VE) 1, il B B E ORI B e FECIEH D73, EOFEREUFICRR A 235
DONFRECTHD. Fox ILBERBCRHIEEATZ S L, 3N B O & IEREA IR IR AT 2Bk R P 3 B2 2 — il
B HA 2 BR%E, I CHAOBRHH O~ A 707 L —h iy TAERE R F ELISA 2 MBH% L7, =L C ELISA
TRROPUFHUAS S TRE~B R IR 2B A LT, ZOREE, 163K 2.5 LI EAZEL Tuve TRE% 30 2y ANICH
HL e CTHDHZ L& 15T,
[ —0 — B METE, PURBUARROG, SR EEEN, ELISA]

Abstract

Enzyme-linked immunosorbent assay (ELISA) is an effective means to detect very small amounts of target substances, but
the problem is that it takes a long time to obtain the results. We developed a unique technology that can stir small amounts of
droplets without contact (electric field mixing), and developed special microplate for electric field mixing and an ELISA kit for
molecular target drug detection. Then, the electric field mixing was introduced to the antigen-antibody reaction process of the
ELISA process, and as a result, it was found that the process which conventionally required 2.5 hours or more could be
accelerated within 30 minutes.

[ Key words: Enzyme-linked immunosorbent assay, antibody-antigen reaction, electric field mixing, ELISA]
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Project of Process Control Manufacturing
- Workshop of north tohoku nano medical cluster -

Medical-engineering collaboration Group Ryuta NAKAMURA, Yoshinobu OKUBO, Takayuki KUSUMI
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Abstract

Akita industrial technology center is holding this seminar of sponsorship by the pace of 3 times a year from 2003 and is
aiming at new enterprise creation of a next generation by industry-academia government and fund cooperation based on fusion
of precise engineering and medical technology in north tohoku. It also held 3 times and invited each 2-3 lecturers and they did
keynote speech, respectively this fiscal year. participant was 91 totals, and Participating universities / enterprises were 45totals
(24 inside Akita prefecture). The lecture contents are introduced easily with the lecturer invited at the respective study group..
[ Key words: north tohoku, nano medical cluster study group, medicine-engineering collaboration, precision engineering,
medical technology, creation of new business]
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Development of high-performance sintered materials with excellent thermal

conductivity and abrasion resistance [2]
Functional Materials and Device Group Takashi Sekine, Yasushi Sugawara, Hatsumi Murata

Planning and Business Development Group  Shigeaki Sugiyama
Robotics Group Masaru Kato, Hiromi Ishida

Akita University Akihiro Nino, Hitoshi Taimatsu
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RETT2, AIN-Y,0; BFI0 7 ADRERFAIL AIN, Y05, AlLY,0q 23 FEZREIL, AIN-WC ©F73I07 2Tl AIN,
WC, (W,C, AIN)ss PEFREILT2, Y205, WC % 5~15 mol% & et 73w/ AL, BEASIRE 1700 °C CTRIUR ICHEREL
72o WC ZIINT 5L TY U 73 Byl — RS, EEIMEEAENL . 15 mol% WC TZh £ 360 GPa, 13
GPa, 5.1 MPam®®t7ao7, BUYRERIT 5 mol% Y,0; WM TRe K 83.2 W m™ K™ L7272, WC FRINEDHEINIC
o TEMBE RN 72,

[BF—U—R:ZAET A= A B bA Y NIT I, RALZ S 7 AT BEMRAOPEE | BVRiE R

Abstract

AIN-Y,0; and AIN-WC ceramics were sintered by resistance-heated hot pressing, and examined for sinterability,
microstructure, mechanical properties, and thermal conductivity. The constituent phases AIN, Y,03; and Al,Y,Oq were
detected in the AIN-Y,05 ceramics, then AIN, WC and (W,C, AIN)ss in AIN-WC ceramics. The ceramics containing
5-15 mol% Y,0; and WC were densely sintered at 1700 °C. The Young’s moduli, the Vickers hardness and the fracture
toughness of AIN ceramics were increased by WC addition, and each highest value was 360 GPa, 13 GPa, 5.1 MPa m°®®
at 15 mol% WC. The highest thermal conductivity of AIN ceramics was 83.2 W m™ K*at 5 mol% Y,0;. Thermal
conductivity of AIN ceramics was increased with increasing WC amount.

[Key words: AIN, Y,03, WC, mechanical properties, thermal conductivity]
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MPa DGt CHERE L 72, BERS ARV 4 i iF I, i & SR A S U7, /ERIL 7RG R D A= e D 43 BT i X #R
[mlPr 2 & (B RINT-2500VHF) 17572, 8 EREILT V¥ AT AET, Yo 7 BoORE I & IR B MR
HEEERE (RE X TaA, UMS-HL) & e, ST e s — AfSGEREE (=D | Via-S) 2, 587 7) 98 N,
15 sec DM THIE LT, MEEERIPEIEIX, By — RS CAELTEIREV Ty 7 BEMD, IF 1O ED XA AV
THRMUZ, MAk#E1 2213 EPMA (JEOL, JXA-8200) . BMmE I —F—T7 Ty ok (% T LFA457-A21 Micro
Flash) THIEL 7=,

3. ERFRBLVEBE
1 Liﬁ%%ﬁg@ X %ﬁ@ﬁ/ﬁ&“—'\\/%i—\‘ﬁ‘o X /%V[?(IEI
ﬁ@%%ﬁ)‘a\ 15 mol% AIN Z iU 7ZaUr DA AlN-‘IS molt"ﬁ) YzO; ° AIIN
FRIE AIN, Y,05 DALIZSUSERAREL T AlLY 00 % N . Xl% 0
2149
MBI HERRS L=, 15 mol% WC ZiRINL 7=kl T

I%, AIN, WC Dl W,C 23lEREshiz, Za W,C = -
DE—278 JCPDS F—H LW _RTEAEMICY 7 & gn.,v:Né’v © e S e
e z
LT, ZOZENEB, W,C & AIN D [EEEAFE(W,C, B T AIN-15 mol® WC o AIN
= ¢ WC
L
=

AlIN)ss BERRLTZEB X BILD,

2 [THERE R OWAIFARE AR, (3). (). ()i%
Y03 Z RN 730k C, BAK 1T AIN, B D
RIE Y03 HDVNT ALY,0q EBBND, (d). (e). ()
I3 WC ZIINL7z3lkC, BAOET we, BE
DOFEILIE AIN THY, (W,C, AIN)ss DRIFDFEE X 26(degree)
TERoT, Y03 ZEIMUTZFENCIZ, AIN L1
DYRLRDOFFFEL TODDS, WC ZUNULTZ5lEC
1% AIN [FL235FEA LT R A T A LT,

(W,C, AIN)ss
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2 BrEAOMMAER,
((a) 5 mol% Y03, (b) 10 mol% Y,0s, (c) 15 mol% Y,05, (d) 5 mol% WC, (e) 10 mol% WC, (f) 15 mol% WC)

SIIBERH RO L Y05, WC BRI EDBIFRE R T, Y,03, WC IRNINEDS NN 9~ TRk B2 23
DPFNUART T2 AR LTz, LinLZRBRG 2 TOREFCHXTE B 98%LL L7220 | s R BEfs (K3 b,
ZDTEND, WC DHEINH AIN DBERPELE IR THDHEE ZHND,

4 VTBERER DY 7 3L Y05, WC TINEDBIRZ T, Y03 ZWML7235E . 5 mol%iRAN Tk 310 GPa
L7220 Y05 I EDH NS TIE F L2, 24U AIN IZHART Y0, DY 7 RBMERN b &2 b5, — 7
T, WC IRIMDYE NINEOHINE LB 7 Z3 88N 15 mol% WC T KfH 360 GPa &72o7-, 2L,
AIN 2T WC BEWY 7 A2 FEO728  WC IINZEVE ML 72&E 255,

102 T T T T I T T T T T T T T T T T T 500 T T T T | T T T T
101 _— —- pt?.
S 100l ] © 400 b -
2 i ] m“ &//’/&—A
z o SeIee—y - E
o - L
P ) 2 | |
E F T Rl
= L 4 en
s T ] 2 200 | i
] —X—Y,0O
96 L _O_§2é)3 - - —-él—VVZC3
95\||||||||l||||l||x| lOOw...I....\....\....
0 5 10 15 20 0 5 10 15 20
Additive amount (mol%) Additive amount (mol%)
B3 SEEOEREE, B4 BiEEDOVYITE,

S5 ITBERE RO I —AFHIE Y05, WC IRIIEOBHRE R T, Y03 TSI ED NN S 2 DI K
T AEHMZR Uz, Y03 BNTiE. 5 mol% THRKRME 9 GPa b7e-7-, ZHUTKIL T, WC ZFRINT5HZE THREN
AL . 15 mol% WC #RAN Tl Kl 13 GPa L72~7-, 7=, WC FINE DB S 2SN+ A [ 2R LT,
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1 6 T T T T T T T T T T T T T T T T T 7 T T T T [ T T T T I T T T T I T

- - QE o
£ 14l i s Of ]
D L
S e - = o[ )
w12t f :: I
g - pERLS 1
_;_é 10 - _ % L
= | 3 - _
2 ¢l R i £ 0
g 2 2 il
5 gt
; 6 L in(_h — a 1 | _O_YZO3 -
L wC _é I A WC
gl LLo.‘..\‘..‘I....I.\uu
0 5 10 15 20 0 5 10 15 20
Additive amount (mol%) Additive amount (mol%)
X5 HEEFEOEYvH—RES, K6 BEEEFDIRMEE,

[ 6 [ BERE ORI L Y 05, WCHRIMERORS 7, 120
R, IR Y05 IRIBROBMIEST 72 oo | i
T35 mERLTZ, —FH T, WC IINO%E TR = -

= 80| _
IR D BN P> TREEESIVEE AL L 15 mol% i |
WC RN T ARAE 5.1 MPa m®® L7po7=, SRS N3 E 60 |- .
2 R EEEIVEIE 2K 97578, 15 mol% WC ZRINL 7= é 40 |

S i i
PR CIIM S LA B O W 23 M@ Tz, 2oz k S

= - Y,0;, |
7B, WC DU AIN ORSRIOIEO S oSy & 20 e we

= i
ThHEEZLND, E ool

0 5 10 15 20

TIXBERS IR ORGSR L Y,05, WC IR & DR
T, BMEEERIT 5 mol% Y,05 TR, i KAl
83.2W m' K227z, Y03 N e~ T WC RINT
BV ME L2 5723, WC IRNTE D BINNT P o CEVRE R BN 7=,

Additive amount (mol%)

B7 GiEEORERE,

4. FL®
AIN (2 Y03 BE U WC iR T2 BERG 2B RL, R L 7285 R IRDZ LD D72,
(1) AIN |2 Y,03 5L TN WC % 5~15 mol%¥shi3 252 & T, 1700 °C TRUS IZBERE L 7=,
(2) AIN (2 WC N4 228 TY o 73RBS, BRI AL 7=,
(3) MEEEEIMEAEIX, WC IRINEDHEINZIVIEINL, Y03 USINZEE~ WC USINO 53 @M &7 -7z,
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ETEBI N —T  AEEE, TR, SBEAIER

Development of the novel slicing technology using free abrasives
controlled by AC electric field

Medical-Engineering collaboration Group Takayuki KUSUMI, Ryuta Nakamura and Masami ECHIGOYA

W&

AL 38 Hobii 7 & DU R E B BN, BB DL R AR BN %< <O M TR AT L
THY, ATy IPDDY = — T I TR, & TRAO 6~7 k557 L bl b~ D ER
iV, 22T, ZOUMTRICH O BB YA Y —Y —OE BRI DN i dh Ak BRIEL T, Uo7 — TREHR
BN AT E B A FIIIL . GIGR O RERI AT A v — LIS SRR I DB RAT A VR AR AL, HaflE
BRI EAT S TG ROV TS 975,

[T —R: U —— ook, G SRR 25)— . 2 R

Abstract

Next generation semiconductor materials such as silicon carbide are high hardness and chemically stable materials.
Thus, it takes a lot of time to manufacture wafers using these materials. In particular, the process of slicing from ingots
to wafers accounts for 60 to 70% of the total manufacturing time. Therefore, there is a high demand for high speed
slicing process. A wire saw is used for the slicing process. In order to improve the efficiency of this wire sawing, we
propose the novel slicing technology, “Electric field-assisted Slicing (EFS)”. In this report, we describe the results of
fundamental study of EFS through principle experiments.

[Key words: wire saw, ingot, slice, free abrasives, slurry, A.C. electric field]

1. IIC®IT

TR O HIERIR L BEOBATE L IC Lo TR =X —F AR EEMR O RO LN TS, R, &
LR — DA BUT I\ CTEIE AR Z SN T/ 8T —F S 28RO Kifg 72 PERE T E
ARSI TND, BUE, ZAINTWD/RT —F 3 28 KT, B4 S| HE AW THRIESTWD A, Mtk
BRI PRI A2 TR, RIb7 A% (LLT SIC) REAAVT AL GaN), X A VESREFERET DT AR
Fopo RO BRI EE- TOBME, 20 st SIC /8T — iR iL, FAlFZesl e fitft (v —=
L= AR 52 R 6 i (FUPET) B0k 2 7o i 9 8 Bl s Bt s E O fih HE R0 J2RE B A i@ L Ol e ~ DB i %
NC, 2015 AEFK LD I FRRUICER S TV D, 51, 2020 IS iE R A SHERE Hriipir ET00S (288 FESN T
[AVSN

ZOINTE K LIED TS SIC ZIFUDELTETARF vy 78R, ATy MpHOOEIM TR, @#FE] TR,
@FvEe v 7 TR, @Ry 7 TREKR T2 — N EL TSN TODN ALEICL E Ta i ER#ZM ThD
7edd | < OMLRFMAZEL | I LaARG S, FRZEIR TR, 2 TERFOIMLRH O 6~7 Fa HD5Zehb
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HEHA L ~OBEE AL TND, Uz —~OYIRF TR, K LITRT X978~
NFTAY =Y =" D, A ra—F7— I EEE OV AY— LA
LS TA Ty ML Y = — N RIZHIEr 375,

SiIC DIH7REMEEM B2 UIWr D%, X A Y BRI DORRKI AT A ¥ —
FICEEEELZTAY — L B4 AW E SR SR, BIRgh R
72 ISKHWBILTWD, — 5, 2 Var o278 | RGO R
DY ClE, VA Y — BRI Z /S E To AT — &4 T LR S U5
HERSRE 7 3 i <D WS INND, [ ERRRE 7 AT, BEEERRRL 5 20 e~ E1 TLFI4v—Y—ERXR
T, IR E VDS BEL AV T A — LEOHEMS &ML, I TEBERE DX A—V 3 mEL | % TROMF
BE TRRA~DOAMARE,

FIT AR T, YN TRICH OSBRI )7 DT A — — I TAC, TR RRRH i 2
BEEAT 2, T7ebh | BRCEoTUA Y — L HICHRERRI A M0 | @\ O BIREE & B AT 3R fhhL Ol N2 AL %
K> C, %O TROAFIKEE KD BRATA S 7 Bl a9 5, R i, BRATA 7 HfO
JREL R AR LT, AR A ML RIS W TS T4,

2. ERGE
2.1 BEHET TOUVAY—TLTE~DBERNMEBILRER

PSR T T VA — L EIZERZHIL, VA v — T EEIOZ A VvERIRRINE D LH 708 )& =30
BEREEMLUTZ, VA — T EIZIF, KRB VS D R=— VT ROV DV R REA T H A B RUAY
—Z AW, BRI 120pum, BLEAR 150um OLOE W, LYV a— AT OUA Y —E WO, BRI
BRI 5720 ORI N LB/ 72D Th D, LR OX AERERRLIZIL, h—AAZ A7 IRM Z
7o BIRIE 20~30um OHL D% H -,
2.2 BRAGAV VT IREMERER
BRATA 7 OUIBTENE D ERERI R RF2ATH T2,
QIR TERATAL 7R PR I BRI E 2 F T JR BT
B FEhE LTz, VA — L ERE, RAFH TRDFERZ I/
BBV AEROE oYy 2 STCEEShD, #HIkEL TV
aMEAV, ZNEZEAT — BICREET 5, #EIM %
FHENZAT =T ERSEHZ LTI T — T HE
HIEF OFICEER S, I TN %E2 525, NURENIFEAZRITT 2 BRRIAV VI REEEEREE
IAY— T REEEAIHEEEERSELZLICLST, VA Y — LRLPHIM I xHEE 2 B AESE D, XA TEUR
BRRLZ P S BT AT Y — & BEHIR -5 50— & &l T3 52810 T BEHERRKL 5 DT A v — Ul 24 L 7=
BlE s LT,
2.3 VMY —LE~DKRESE

IAY—LE~OEFIET, BIEERICBOTUL, VAP — LA NCEBAEEL, Zhev /v —TEAEMT
REFEELAINU Tz, Flo, ERATA L 7 R B RER FZRR T, VA — LEREEIHIM ThLVas s DM T42
FBREAIMUIZ, Z2C, ZHELIT, AR BERESEL AP — (T VL MU33120A) TE 55 4R
L. BBNT1E B2 HlE E 200000 = EET > 7 (FwvZ7%imodel 20/20B) (2 CHAEL CTEIMNL 7=, ZDO{E BN
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X, TG aRa—F (T MUB4645A) A LT,

3. ZERERBIUBE
3.174?—Iﬁﬁ%®ﬁ4?%vmmﬁwﬁﬁmm$ﬁ
(ZHEIREE T COUAY— T A
~OBEFEINEBR OB AR,
F A B RIRRLNERZHIINT 52
LI T VA —TRIZEDLNT
WDERTF D3 00D, Flo, VAY—&
FIZEMESETH, XA VEVRIZTA
Y — LEITBEL TEITL TWDERT
bR TET,
ZOZERY, GIMIFRFZIHBWTE, &
FEIAMNC KT, RRARLA- il & il 4 T &

3 JAY—IA~AOEFRDNMEEOERNES
DIENABETHDLIENRIBIND, EEER. A ERMM(L2kY, 6Hz)

3.2 BRAGAV VI RBEREE
2 DMEENT, BRATAL T RBERZIT o7, 3BEHE, ¢ 10 DV supt (A1 (ko AV 7 F1F %)
LU, A — T RIZE> CERAINCEAUIWIIN T &2 Eh L7z, KFEEBRSLMEER 1177,

R1 BRASAVUTREEREMN

wire Resin bond diamond wire 120pum / 150pum M12-25 (Noritake)
Wire tension 3N
running speed 2.53m/min
solvent Dimethyl silicone fluid 10cSt (Shin-Etsu Silicone KF-96)
Slurry abrasive Diamond 2-4um, (TOMEI Diamond, IRM)
concentration 1.0wt%
flow rate 30pL/min
material Silicon
Workpiece size $10 X 30 mm (OF)
feed speed 23um/min
amplitude +0.5kV
Electric filed frequency 3-30Hz
wave shape Square
Processing time 10min

X 4 1%, 10 /3 OBIRIIN T2 L > TED =T A Y — I Ti% Zygo #L5 A AR 45 NewView6300 (ZX~
THIRLIBIEG ThD, K, A CRLETEAAHEOW 7 27 7 AV ERIEL T, DRSS ZUIWHES L CEF
L7z, B151Z, X 4 OFHM FIEIC Lo TROILE B R AT AL 0 7 i B SEERRE R A YIRS O B8 5 R e Rk A7 &
L CRT, 3Hz Tl ZhRBELN2 07203, 6Hz, 30HZ ORI EFININT5&, YIWHESDS 42%8 KL7-, 37
bbb, UVAY—TERIZEREZHMT 528 Lo TR A Bl & HIE L, DI 2 B2 RN e ea KL,
BRI DIERATA 7 | OFIMEER LT,
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150 , ,

10cSt 2-4umDia 1wt% 30ul/min
[| 8N, 2.52m/min, 23um/min, 10min
F| £ 0.5kV, square

[
<

— T
1

oblique Plot

Slicing depth /pm

Lh
<
T T T
|

-62.68558
1.08

ov | 3Hz | 6Hz | 30Hz |
5 UIREORRE RSN

4 BRRSALVT RBEEBD LM
Fik(UREDOHERE)

4. £

R B O AL Ty NBT 2 — A~ OEIWE TRICHWONDT A Y —Y —O @ kit N & bk a B #Y
ELT, UAY— T RLRBHAIC AR M B EZ UL SIWT R ORORL 2D A7 — LIZ2h=RA 72 b B Hl 5B A
TAL T HR R B AT o7, R SRS E I LD IR ORGSR UIT 2R D342% 1) L D5 RAa 15
oo A1k BRI LD FBIERZED | HARD9 32X,

BN

[1] http://www.yano.co.jp/press/pdf/1499.pdf,

[2] @R EEE) RANSCR-EINWE FRE), VAR ry 78K 17 A AL IR (2006) , [3]
http://www.nedo.go.jp/content/100554528.pdf

[4] THWHE, FE R, EAKEN, A, NV —xL 7= 2 SiC7 = D EhEH CMP 7' r AD A,
2015 4R EERRRLIN T 22 2 AR 2 R R SCER, (2015), pp367-372

[5]1 AEZESE R EfG— fth 3 4, [RALT A FRILRAFEE D7D O FARRL /3 A A S (2 B2 P98 — BT K
DUFBEER ) AT = A LDRR —, W L5455, 79 & 1 5(2013), pp.87-92

[6] 7R LB —fth 4 4, Koo OB RENET (2 IO TR TEE T 1L DB JE, A BRI - 256 SCEE C i, 66 % 649
#(2000), pp.270—275
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Research and Development on Polymer Processing of Composite Materials
using Cellulose Nanofiber [2]

Transportation Materials Group Makoto KUDO, Rie NOBE

Péx

Tr—2F )77 A8— (CNF) IZARMNBELNL VT E2FRIE L BE DO mE R E 7 B R e LT B
D TND, AWFZEIL. CNF 2 W72 B e MBI S A0 B O ORI LE M &2 22 8% HNEL TV D,
AT ARREMICED CNF &R 7 me L (PP) DE G AT I, Z DS HEIE S O W2 FHm L 72, E7-,
PP/CNF AR BHO 5t HIFE T RE ATV . CNF 38 X O RS T IR 03 SIS I B XIE T B A R A L,
[F—U—R:rm—2F 77 A3 — ARIRE, ST, FiaikisE]

Abstract

Cellulose nanofiber (CNF) is derived from plant biomass and has the characteristics of lightweight and high
mechanical strength. The purpose of our research is to establish polymer processing of composite materials using
cellulose nanofiber as filler. In this paper, CNF was compounded with polypropylene (PP) at low temperature
compared to conventional compounding temperature of PP composites. The effects of extruder type on the properties of
CNF/PP composites were examined. Furthermore, CNF/PP composite foams were prepared by foam injection molding,
and the effects of CNF and extruder type on the cellular structure of CNF/PP composite foams were evaluated.

[Key words: cellulose nanofiber, low temperature compounding, foam injection molding, cellular structure]

1. IIC®IT

tra—2F )77 A3 (CNF) IZAM DO DELND IV T TR L AL - BBV AL BRI K0 ) /A X &
THINFZ IS UT-HE T D, Z DY A XIXEAE 5~20 nm, BN 5 um LA ETHY, $k0> 1/5 D E & CHEx
5 {5 IBEZAICE DB DI (BMEIEERN T T AD 1/50) LW o7 - etk 2 oM, S512, R g R &
MDY | FHY) R T DT BRELA fif DD 72V FTREZR IR ThH I EN D | £ D RE 1L O %83 L O EBE
RWEEANATONTODE, iz, BB HERSEA— 7 — T, BED DU A7 AEITENDH A B L TR
PERHE, CNF A B BIFEIZEOARA TWARL — IS AT SIS IS O T | I T AMHE R0 bR 6 A 3
HOBI TS, T AR LT AR 1T A< S TODDS, IR FBRkHE L Ll 92 L B RE L SRRV, &
FARMEIT T AR VIR B D EIRECHHD, @i THDLZ LRV AT VM BHENLL TN Enn, BB
B~ R SERRMETRAL AR D 1 FE A TRy, — 07 CNF IZAER DA iAS & Hei U C e B 23/ <, KA
FE CRALTE D AR RIBIN TD, BT, FEYMH R THLT-D U A7 /VITHEI, 2l CHEiRE 78 G4
B BRI CELEMHFIILTWD, RIS, BETE G (WAMER) 0 30~50%% CNF A # B CREFCE2ET5
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L. ZOHIBEET 3,600~6,000 (5, HITeDEORELHHMY,

TP E A M B OB LD RA L CHIRFS I TUND CNF ORFR 2RI 720121, JFM I Th b v
T T )Y AR | L 72 CNF 2 B CTHOBNENITE) — 0 BS L ZENEE THD, L Lenib, Bk
PED CNF CBRK M D B AT S VE RS IR 13 AR A PE DS B Rl IR 2 R G DR N2 L0 BN LR oD IR BE
(200 °C LA |) T CNF OB BB AETHEV ST BN DD, 22T, BUE TR LV A b AL B A AT
ST % BATVRIERIE LA LT D FIED BT ST B, (L2 ELERIZ 0L 7 D CNF ~O RO
FRERME ] B XA R B LMWL G2 k2o V=TV TG AF v 7 ~DH N A REL /e > TS, —
7 C AP ZATH Z LI LREROEHHELRIET AN DEEINL 72D | CNF O & % 57 D18 7> At
R TRRICT DM EDN DD,

A TIX, CNFE G LRROE R B L OFE AOREZE A I (LA LB D72 CNF &R 7 ae’L 2 (PP)
(AR PP (LMPP) ZUsINL | BRIZIRE DK T A7k 77, CNFIPP AR BIOERLIT 3 FRO R HIRMHEE I,
BARTE T IEDVEC RIE T A RAE L=, S5, CNF BIOEIRBE G B0 R R G O R fafg &l 5z
DENFACD W THIRAELTZ,

2. RBITIE =1 SHRBEE
2. 1 MEBIUHRERF OMER :
Solid Foam
R#f O PP 137 w7 PP (MFR=30 g/10min, HARYZ [0~ ding temperature ] 180, 200 150
2 (#R)) . CNF (XM ROB A, LMPP X H YEHLEE (1R) D Mold temperature [°C] 40
TLE—F 2 ™M(S901) 2 AV -, F7-. CNF & PP O Injection speed [mm/s] 50
PERI L0720, LAV BRZERE PP(MAPP, 5 (/@ | N content [wi.%] o | 1

P08, —ZE/I ML (KR)) & iz,

BUKMETHD CNF 1K ZFREL T RIL T DEEEIR L7257 | FTHITRIRIZ Ko THEKL 22 23 RIIE NS4y
S, CNF/PP EEM B AR %, #HHEMUTED CNF OfERKIC KX T HEBA A T 5720 A7V 2D
W% 2 RO A H IR A (TWL, TW2) 33 X OV DU il # H IR i (QD) @ 3 Flia W7o, KM k%
PP/LMPP/MAPP/CNF=75/10/5/10 DE| G TR IZA 7L R LTt & HIRHHIZC 180 °C TIARLEHEL . CNF/PP
BAEMBIASL Y NAERLU 7, F70, R EL T TWL Z T PP/LMPP=90/10 b [Rl#ko TR CTERIL7-, fERIL
7oLy M T, B ER SR TR 5 A% (NEX180TIT-25E-MuCell {14k, B RsRHAE T3 () ) (o Gkl i 21572,
IV (Solid) F5 L VFETAIR (Foam) DI HIER TE A2 % 1157,

2. 2 WpiEETAE

[ R IR Y 5 253 e 8 7551 (SQ-2000, H AEE (4 T3 (BK) ) 2 VN CL 180 °CHXL 1210 °CIZH51T HCNF/PPHE S
MBI O R FE VIR OB FEL* %W E LTz, J7ReR EFERI% (59677 Instron Co., Ltd.) Z W T5 | 5EFER Js L OV 3
Bz FEh L 7=, CNFOfiRFs J O HIFE TR AT dh D FE T & 1 3~ A 7 XHRCT A%+ F~ (TOSCANER-32300mFD
FEITarv ha— Ly 27 5 (1)) & O CEIZ LT, CNFRREEROFTAf & LT, BEEE IR DU X% Wi & i T 7
(WinROOF2013, = P55 (KK)) & VT, FIAE S4B A FHHIL 72,

3. ERERBIUER
3.1 BHFEDRRD CNFIPP A4k oMt
# 212180 °C BL 210 °C THH L= CNF/IPP EEMEI O E L*2 R4, 728, HEIX 0~100 D E
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THEIN., 0 ITEWEEMA 100 [TV ARG THL, 2 TORM

% 2 CNF/PP EE&MHOBHE L*

FAHIZBNT, 180 °C TRBMLIZG A DT B EIZE W, Lo

Kneader Molding temperature [°C]
TARRIEMO S BB THY, CNF EEMEIOME THLE type 180 210
OEIHICEDEDRENT, W1 432 453
BRI E TERIL 7251 RAER i o> X #R CT Eifg X 1127R TW2 46.8 46.1
T, ETOEIEIZIBVT CNF OEE (F AE) 2 #EZR L7-, CNF QD 484 47.0

D% S DI E L CRE RO R R AXEHNWDHE,
TW1 TiE 242 um, TW2 Tl 74 um, QD TIE 82 um THY, TW2 Theb ik A Tz, DL EDORERD S, #1H
AR D A7) AR DO IEHRAZ Y 2 K DOHIHNZ LT, CNF Offlka et T BT EN -T2,

7% 312 PPILMPP B X ORI 15 CTIERIL 7= CNF/IPP A B D ) 2R % 7k 9, CNFIPP AR EO 5| iR
FREIE TW2 BN QD Tid, PPILMPP L L T3 mizm EL728, o2l zgh I G ni2noiz, £,
SIEMESRIE PP/ILMPP L EbER L ClRIZELL T, TW2 (28T PPILMPP X0 23%]a L7, —J7, i imEix
4CO CNFPPHEAMEFCIR T L, il WSR3 LY R AF7E - 72 TW2 Tidb 3 aaizm Lz, BLEERY,
TR ) LS 5121E, CNF OffflkZ /3 IATHZENEETHY | FHHRHE DO A7) 2§ ik O Fcii (b 2179
WEINIDH D, FTo, CNF & PP OFEEMEZ LD M) S 5Z 823/ 6872, CNF (23 L 72 MAPP OB N L EiLD,

1 CNF/PP HAMHDIIFRERFD X # CT B G AEE 180° C)

% 3 PP/LMPP 8 LUK E# A ET CNF/PP EAME D Pyt

Tensile strength [MPa] | Young’s modulus [GPa] | Flexural strength [MPa] | Flexural modulus [GPa]
PP/LMPP 257 0.74 36.5 1.17
TW1 252 0.78 33.2 1.07
TW2 26.6 0.92 359 1.19
QD 26.4 0.74 34.9 1.17

3. 2 CNF/PP EEM D& HIEIRE DM

2 [T IV RO A O 5 | ERER i O T EZ R, 7o IO AN @RUTEE T i A RIE D
R LI TRY, MEN S MO H THDH, R TORMIZIENT, RIEJLOAF VB EXIANTFET DT JE DR
T&D, LOLARNRE, a7 BOKIDIERIL PPILMPP & CNF/PP A B ClE 72> T 5, PPILMPP |3 i
HULER CRIA DO KAE R A BNDDIZxL T, CNF/PP A EHIERK OB RIE 13 2\, — I, PP IX7A
3R SIDMEL, OF AL HELL 220285, IR0 A — MR IR0\ 2 FETa AL SRR 3 8 5 B,
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Study on Quenching Technique with Less Thermal Deformation for
Complicated Automobile Parts [1]

Ecological Material Development Section Mitsuhiko KIMURA
Transportation Material Group Atsuko TAKITA
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Abstract

Laser quenching can suppress the dimension change of the automotive parts by thermal strain. Therefore, laser
quenching is suitable to partially quench the automotive parts. However, it is hard to quench the low carbon steel used
for the automotive parts due to fast cooling rate. The condition of the laser quenching should be clarified to quench the
automotive parts which have complex shape and small diameter. In this paper, the basic data related the laser quenching
of the low carbon steel S45C plate was researched.

[Key words: Automotive parts, Low carbon steel, Semiconductor laser, Laser quenching, Self-cooling]
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Development of Sensing Device and Wireless Power Transfer system
by using Electro-Magnetic Field

Functional Material and Device Group Takahiro KUROSAWA and Takanori KI'YA
Opt-Electronics Group Yuji KONDO and Miyoko MURATA
P
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Abstract

Sugars contained in transparent fermented samples taken from sake mashes were found to be glucose and isomaltose
by liquid chromatography. We proposed a method to determine the concentration of specific components from the
optical rotatory dispersion of solutions containing multiple components. Furthermore, optical rotatory dispersion for
each component was obtained experimentally. Frequency domain signal processing is introduced on the measurement
system of microwave field sensing. This leads simple system configuration on the distribution measurement of the
microwave field. On wireless power transfer system, transfer coils with the diameter of 13.2 mm was developed. This
coil pair can transfer the power of 1W or above with efficiency of 65 % or above.
[Key words: sake mash, glucose, optical rotatory dispersion, electric field sensors, frequency domain signal processing,

wireless power transfer]
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Research and development of robotic technologies supporting advancement of
prefecture industry

Robotics Group Ryo ITO, Masaru KATO, Ryo ARAKAWA
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Abstract

Due to high again population and low birth rate, labor shortages in Akita prefecture are becoming a serious problem.
In this research, we aim to develop technologies to automate and to save labor in various fields including
manufacturing sites, and support the introduction of robotics technology in companies in Akita prefecture. Focusing on
collaborative robots as an alternative to manual labor, we aim to develop work handling technology that leads to the
promotion of utilization of collaborative robots, and to develop control technology that can handle complex tasks
combined with image processing technology. In this fiscal year, a collaborative robot UR-3 (made by Universal Robot)
was used to create a program to make the robot judge the gripping method according to the work. We conducted
experiments on control and application to robot operation by ROS (Robot Operation System) and confirmed its
effectiveness.

[Key words: Robotics technologies, Collaborative robot, Depth camera, Work support techniques, ROS, Image

processing]
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R & D on production and purification of hydrogen from renewable energy
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Abstract

Hydrogen gas is focused for global warming measure and the stationary energy storage. Hydrogen production from
renewable energy is regarded by global warming gas discharge restraint and storage of the surplus electric power as the
very effective means in particular. Therefore, the purpose of this research was to product hydrogen gas from Akita
Cedar., which is renewable biomass energy and much in Akita prefecture. After Akita Cedar crushed by Tandem Ring
Mill was pyrolyzed with the addition of a catalyst, the gas was analyzed in the experiment last year. This year the tar
analysis and composition analysis from pulverized cedar were investigated when carbon dioxide and water vapor were
used as a gasifying agent.

[Keywords: Hydrogen, Renewable energy, Biomass, Global warming, Gasification]
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Study on smart process using 1oT and Al
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Abstract

In 2018, the working-age population of Akita Prefecture is 520,000 people (53.6% of the population). This is much
less than the national average (60%). Therefore, the labor force is limited. The introduction of 10T and Al technologies
will lead to high added value, improved production process, and improved labor conditions such as wages. In this
research, we are advancing the development and technology construction of the control system by IoT measuring
device and machine learning using a cheap one board microcomputer. This year, we will introduce activities aimed at
eliminating manufacturing based on experiences and intuition by collecting, accumulating and analyzing data.

[Key words: 10T, Al, Machine learning, making smart, labor saving]
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181|555 | AR S BR A BiE8Em HITS-T10 21 2,350 AF
182| & sR BT BB S ER L INSTRON 9205HV 21 1,450 AF
183| MR AR S RN R T A (%) 74bB> FASTCAM SA-X 24 780 AF
184| R EBRIBRZ IR I 5173 (%K) DV-30 26 250 Lo gul
185| SR E R AR MBS HAER S X T L ILTFER (F) HBERAR LS HRBEERER 26 1,100 L ou]
186|BVEREEL 1 —/LEESM MR REE S HRIELE(HR) MS-010 24 520 BE
187|iv = )t o AREEREEE 7/ PiE-30SD 22 760 p)lifES
188|isv =i 2799 o -T14iD 16 460 Nk
189|iBER R Fia gt H K& BaiE TE e NEX180Il 25E 24 3000 TR
190/ B EMHEBBEE () BELEmR MBO05-GMS 27 1,400 IR
19| EEMBEEBREAA— L—D HAEH PEBBIFR ¢ 850 x 1500L 21 1,450 RIS
192|418 & # LB #E (%) AR EEFR AC-300CF 22 570 FEIE
193| 75y by T A (IS ly ) A2 ) CF2-1215RC-S 25 750 FEIE
194| DA X —Ro A — TPT ETILI6 16 270 73
195\ \(R—SEIR WEILI DIy POEF60-20 27 100 o]
196| T RERMI S R T L BARLPKF#X &1t Protomat C100HF 16 450| £ <2 R(XK)
197|BEREEILEIR FHKEFITE (%) PAT80-100T WITH USB 27 180| &4 KR(XK)
198| EFAREE HKEF ) PLZ1004WH 27 100| {& 4 R(K)
199|/8) —T JLFA—5— EAER WT1030 8 100| 1& %< R(XK)
200|EH—URBURT L /1 XFHEFR LSS—15AX—C1./S 13 100| SEFE(ER)
201 | B¢ BERAHEB AT A /A AHE ESS—2000 14 100| SEFE(ER)
202 | B S ER A HIBES () SUV-W161 25 1,500 EEE(ER)
203|5" B—") A v —aA BR A Physics tecnics Labor TA03.35 ({4 @ F¥>/\BT-07) 25 310 k()
204 E R A ST A BR AR CIPEPS A MODEL EMC—5000S 1 870| 1E<KUE)
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20577 RARSU ST IN—R N B (%) /A Xt &R FNS-AX3-B50B 26 150| &4 KUS)
206|K;RIER SR A IRRYY PSL-2K 19 240| £ 4R AKR(K)
207 REMVERERE IRRYIH) TSA—71S—W 17 590| {& & AR(K)
208|FRE S ELER SR /A X ESS-S3011A 29 200 {F#%(96)
209| BB RELEREMTEE Lansmonttt Test Partner TP3-USB 26 100| sEAEE(ER)
210 ABERBER MVt 1t gg"nszjf\‘j%"({éggg’fgﬁﬁ%*“‘) 26 1,700| #£4KUE)
211|BEERIRER EYELA VOS-450SD 9 120 =HE
212| B EEE Ea—5—#t AUTOMET2&ECOMET3 9 170 =M
213| RSN~ {FRSTF 1N\ — AUITUR)VERE T (%) GNE-1500N 9 170 =H
14| RESRTEE (%) B 28 Em CA-4PJ 10 100 =H
215 EERZ TR AT R)LE (%) GNS-1800S 10 100 =H
216| HEH R E (%) B2 8 Em GC-17A 10 110 =H
217|CHNITR D TEE ) IR—FoT)LT—8 24002CHNS/0 10 210 =HE
218 RN HE HAXREE 58 Em XRF-1700(4KW) 11 900 =H
219|WRYERMN F7EENTEE AT HTAANYATAR Agirent 5973W 12 170 =H
220| HIRYOAA =1z H 58— BiEEEm AOC-20i 16 100 =H
221|GCRBN fREE (%) &2 8 Em PY-2020iD 21 520 =H
222|440 BT LEIL A (R) CSM-F1 20 100 =H
223\ e EMAIE BBRINIEEE =¥ () AQF-100 18 720 =HE
224|E—R{EREE BIR R TK-4100%! 16 790 =H
225| N\ T ARG A T et (BR) T AR— 3502 AT LXL 23 120 =H
226\ IED R AIEEE B % (%) MT3300EX2-SDC-H 25 570 =H
27| FRMRY —FT ST4h A3 BATEAZYR (#) R300SR-H 26 100 =H
228|\B5 AL S YRIE AR H SR Thermo SCIENTIFIC #t ICS-1600 26 400 =HE
29| HRBERREEAEEE BAANL (%) BELSORP-max 26 900 =H
230|BHIKHEREE FRNATIIERFE RFU665DA 26 100 =H
B |[ERIERERR BAINATARYY (¥E) PL—3SP#! 5 170 =H
232| S EET (%) B &4ERT U-3000 10 340 =H
233|ICPE SN ITEE FoLUMTH/00— (k) Agilent 7500 Series ICP-MS 18 1,650 =H
234 17)]-’7':'7"777([@4*"Bg{*"%ﬁ*EVXT A+ 3R ICS—3000+2100%! 22 1550| =M
235| B REET il & Quantachrome#t ChemBET-3000%! 16 690 =H
236\ 1A z—H— ATV (%) BR-43FL-MR 23 100 =H
W RFERHAETEE (¥R) B2 AR ProminenceGPCYATA 25 380 H
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238|EREHRHIOTNT ST (%) &2 8 Em Tracera 27 460 =H
239| AR A th e 1k T4 (%K) MB-1 9 100 =HE
240 FR#RRAE ZHMNEFIE Gk SR-2 9 130 =HE
241 EEE MR BRI ITE JFC—1500%! 15 300 =HE
242|INBAR T LN L T ¥ R PR THEE () TR-LM 24 100| =M
243| 7 RAI7ILRSHH— Jb A B 30k 2Hp 2 150] =M
244| 7 R 77 )V AR 1@ S46 100 =H
245|230 S55 100 =M
246|0—>—a2 /95— Bk TR—323C S47 130 =H
247| I XIRIBEET tA(a—EBEFIE SEA-5120 6 1,400 fE A
248| BEFREVHABRITFEEE TIA— A FRE %t EMXplusB (v 48K T)vT &) 25 1,800 F PN
249 BIR - R m A S EEXIREIITEE UHY SmartLab9K-INP 29 2,550 E /N
250| A AV RV REE BAEF JUC-5000 4 2,000 i
251|490 F—CrBFRAEE BARETFH JAMP-7830F 14 9,100 fE H
252| E{REEMER VR PZAV SZH-141 4 340 & B
253| BT R HIEE (ESCA) FILINTI7A 5600MC 4 17,600 FIE
254| 2 _E BRINER BiNAT9/00—X Miniscope TM3030Plus,EDX:Quantax70 27 760 FIE
255| BN ARSI EE r:FT—Y BH-M800UV-HD-10 17 1,400 iiy;:]
256 R—42J LB S FLAIEEE ARCopix S.A#t ARCspectro FT-NIR Rocket 0.9-2.6 26 200 4R
257| /OO A=K D HIIR Z B o)t (%) MAX-303+,CMS-100 27 200 4R
258| 2RIt 2 Evksy BQ-73LN 22 110| EEE(%R)
259|ERRET T Ry A—4 TR AD 0 A Y3t MicroMag2900 5 4,400 F PN
260|241V Sy THEES AT L T ILh— ML-150P 100 i [
261 1K IR L] B YODARALTH/00— SBT650 100 E H
262| 8 L TSARIVFUIEE = REER TP-50B 27 460 i
263|fliK - B KBS EE VATAY ) RFU655DA - RFP543RA 22 240| ()
264|1E;RIEEE ADVANTEC AGX-224 7 310 =
265| A ERE M/ NEALET FITIDR PS-II-5D 16 100 =)
266| < B IAMEE —ay XPF-UNRB 4 950 i
267|NARF—D INTUNAY CERTO-CT60M 6 420 i)
268| BRI —=— T RE IO FYIT AT L () QDX500-V-XC 25 1,100 R
269|F AL ) — TR DAD320 7 1,450 POER(EH)
20| A AVE—LAHY TUA R EMIS-212 17 430 HNHE)
271| R\ T RRILRAER B ZAMKS RPG-50A-00 17 290 P
22| R\ -EREBEEEE by SPS506 7 3,900 AR
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23| P FHRIEAFL—RE IAa—IT=ZF7Yvy EW-100S 17 4,800 E /N
274|MBE7 AR E_SAFAMEBEEN T AT L EENATU4 18 910 AR
275| RNV AEFARFRYF TR IR Ve RF-MN750 19 220 AR
276|MBEEELLEH R E sttt o— 22 1,450 Ei
277|MBEEE AR R U & NI BEIL R % 0 HAEHITa— 1EK00-36109-6501 23 3,700 R
278|#BIR T HIRY JL—T(SAES Getters) CapaciTorr D400-2 26 100 ErPN
279|/\wF KR/ AEE BEZARILAN SPF-332H 2,000 F8
280| FTARGRINVAEE B AR B ZE 5l SSH-4S 12,300 iR
281|423 THE JEVITILA ShOVV 1,900 #iAK
28295 4Aar T Ly — TIVYY R F—bA— a3t 8200ZE 4= 26 100 E5 N
283| TIGTEMEE L X T Ln —ay MM-11U 4 2,950 Fe
284|MEMSX GBI RO T S5AF A—R-IA490TvY MABGBSA 15 1,950 ik
285|L—Y—EEHEEEE NTILRLOH DWL 200UV 10 270 24
286 B E IR EE AREEF w118 7 440 WHEEH)
287|fliK - B KBS EE BAIYR7HA &4 Milli-Q Integral 10 21 230 EN
288| 9 AORa—T LonaAov\y 9354TM 7 150 22
289|EERARINS LT FI5AY HP E4401B 11 280 22
290| &/ LA TR L—4 HP HP81110A 11 240 22
291 )VE DD LERBIZEXKIRS AR ITA—R Y —F FS725 17 100 2F
292|BIRIEE -EMBAIE S R T s Rohde&Schwars ESIB26a 16 9,550 B2iE
23| BRI ER Y AT FINR DM3423AV1/0 19 210 22
294| FiRSE IXTIDEBRETOvY WF1973 19 100 22
295|Av oA T IXTDEKEETTOVY LI15640 19 100 B2
296[1&E/ A X7 T TSJ MLA-00118-B01-35 20 100 2Z
297|EMBIAIDRTUTT Electro Metrics EM-6969 21 100 2
28| BB ERAERERAVE—F VAR EILEKRA Schwarzbeck Mess Elektronik NNBM8125 21 100 Bz
299|CISPR22 5%t s T SR R UR 4 TDK I1S-030A 22 100 22
300| B — LRSS R T L FOIY AT AT IN KECHBIE L AT L 22 110 22
01|MEBARESRT L FRRBETI=h MAC600A-AJ , EPS/RFP-AJ 25 100 22
302|381 & A EE L@ (5[5 BX A I BT T EFk) KNW-2208, KNW-441, 3 L TF-51 25 100 BiE
303| = B iR FiRaR T MG3692C 26 150 B2iZ
304| St -GBS =T 4SRRI RAT L HBTFY=H IEC61000-4-3 ,IEC61000-4-6 20083t it 27 1,350 22
305| BB B A S —TAR7TF HI5TI=H Sa=TAHBRURAT A 29 190 22
306|L——FHLE EA 5B +0.81mm/10m 29 100 22
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: P
307|1& RSB BB T/ AR ) OEL B STRWI000 xDE00X | g 00| %
308|AORa—> F—HAb-TH/00— (%) DSOX6004A 30 140 B
309|EFE T (%) BHAE AT R R LN-300A-G7 26 100 B
10| EFE T (BR) FHAI B T B 22 e LN-300A-G7 26 100 AE
311|EMCHERAR AR EILER IXTDEREFETOVY ES2000S+ES2000B X 24 27 250 N
312[EMIL- S —/N— ) TI/HATU RS w8 E?,V/V(;E?*TTEEPTO%[\)/\%'EE* TEPTO- 30 geo| A&
JB|EERTO—JWEMEE GEER L R ILIEME) TOBRIL- ARV LAY +/Z2a—7JI 4 7,850 Z1E
314|BRUINE EE BAREX MHA-400 4 14,700 2
315| KREH T )LSPMEAI R T— TR AR ALY D3000 7 2,200 i2fE
16| EERTO—TJBEMBERERE S X T L Veeco RDS-F/DSP 13 100 s
317|MTFEE{2E & cFSAFTT1OX Image Master HR LP 21 540 pag ]
18| EBBEMBL AT L y IPZAVA BH3-MJL 6 1,500 gy
19| kT TIA—4 BAREISHRKA S SE2000 28 1,100 EEE(#H)
320| P XTI TV A—ARARFFEAEED 21— BAEISHR (%) SE-2000f 30 430| EBEGR)
21|t FEMBRAEEE TILINyS DEKTAK150 21 250 FIE
322|F/MIRAAVE—LEE A=AV RV ILA Y SMI2050 14 4,000| EFER(%R)
323|91)—> T —ZABH1TEA) BRI7—TvY ECB02-22D5 17 120| SERE(HR)
324|FFT7 544 HP HP35670A 5 1,150 Fo)ll
325|F4THIIAORa—T HP HP54542A 5 760 Fil
326|HTAU0A—~2 MTI MTI-2000 1157 5 610 ALl
27| MM ERLE YA O A—4 MTI MTI-2000 1165 5 330 =)
328|L—H—FyS5—iRENET INEFPRIZR LV-1500 5 1,150 sl
329|FFTH—RT7 544 HP HP35670A 7 630 Fe)ll
330| =R FRRES D7 AN —KELIET TAR=HR ATW-01 +ATP-A20 12 220 sl
331 | S RLRER AT E T4 )LAHI3E ) IXTIDMEREFRETOvY 3660A 13 100 Fil
3R2|FFT7 S/ — TOLUNTY/B0— 35670A 17 170 Al
333|5ch BEREEE FITIIR PS-II-5D 17 100 Al
334|A—kal )y A—4 —ay 6B 18 220 =)
335| BE D EREELFERT—IL Sony Manufacturing Systems Corporation BH20 18 100 =N
36| FEHBRHENERT—IL Sony Manufacturing Systems Corporation BZ 18 100 =i
337|FFT7 54 H— INEF B AR DS-2100 19 220 7l
338| ML IR SR a1=/8LR UTM I -0.05Nm 26 100 =
39| ARG S LT FSA4Y HP HP4396B 9 920 =)
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0| EnfRaeA0Ra—7 HP HP54540C 7 390 =
341|w4yORa—7 NAOYHIR KH-7700 19 230 =)
32| BN REE - AFRT—IL YZ—RZaT7IFaT7IT O RT LR(¥E) BH20 20 100 sl
3|BTvITFSAY 7OLONTY/80—) 16804A 20 240 sl
344|Avoxa—7 ToLUNT/00—M DSO7104A 21 100 Al
345|E D EREE- HERT—IL YZ—RZaIFGFAT T VATAR BH25, BD96-B1400HCY% 21 110 =)
34677 o ar PR —E(2chi ) TOMAZHZRBA ST AFG3252 21 100 =
3T L—FFSERMEF AT L XS /NEFRIE LV-2100 21 120 F
348|BRIRA B ILAEH MAPS—008A—G1010 22 270 sl
349|EBRTO—T BEMEE IRTFATA-F/To/00—%KEe4t L-trace II 24 670 =
350|L—H Ry T SIREET INEFBI 2R LV-1800 25 140 Fll
351|IRBN AR B AT B BASHIXTIREKHRETITAYY FRA5097 25 120 =1
352|EaA—FIL D FRBEIEIEME AT ET ()T XA —)L BN100 26 100 Fil
33| E e RSB L——RT—IL ()T XA —)L BF1,BD-96 26 100 sl
354| EBNE JEfE A IR BN ET INEFRIZR(RR) LV-1800 26 150 Fil
355|F AL A RRa—T F—HA+TH/00— 29 230 Al
356 /NEVFROMR Y —FT T T1— (BR)FTERT FSV-210L 30 170| {FE&(97)
357|GMREHIZ R A~V * v EIR FKEFIE PBX20—20 10 100 iiy;:]
358| FiRAT HP HP81110A 11 240 B
359|41)—> T —XC(H17EA) BARIT7TYY ACB-352C-4%%! 120 AE
360| e F BEMER —ay MM-11U 580 B
361|@—/RRT1ILE IXTDEREETOVY 3660A 430 N
362|0> S AEYAORO—T LoyoA LC574AL 11 670 &
363|AORa—7 AgilentTechnologies 54622A 12 100 b 7
64| ARGNS LT 54 AgilentTechnologies E4411B 12 100 x&
365|EmEEAERIVR WMRIBFAT L LS1000/500PS- I K 16 2,450 A
366|GPIBE ;R EREE BKEF PB x 40-5 5 260 FE
67|MSIERAEEE VAN U4 MRMS-10K 20 3,700 F PN
368| RAYF <)Y IR F—ZRL—AV AV A YA & 4200-UL-LS-12 21 100 AR
B ENRERASEERC AT LA WEILI DIy HAR-30P73.3 27 100 Fil
370|/\ A RE—K<(4o0Ra—7 F—IVR VW-9000 28 400 ALl
371|#EEET TILyIT4— LR TVE-35E 29 100 =)
372|FkmEmsR N E IR mEEE DY-500 29 170 F
373|/NEUESE ILaft a2 /89k8 580| {R#&(97)
374| L BUH SRR 29— VWS-55 280| {FE&(O9O7)
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BAGE
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No e e HET TtH-eEE (T5 | e HLE
375|{m S BRIEE AU INAKFETE () BHS—751—P#! S62 100 g
376| = M RELDILIR ALRTIVA 56RCS002/HV 21 100] 2
377| BRI A J=HI/ILE DHIT49TALTHRK CS-200 25 130  F#
378 ZEAAS B 4Tk HAS-D3M 25 100| UTEE(HR)
379|EBEERZaL—4 2 TVI(KE) LCD MASTER 3D 18 190 g
380|SEL T B EH.C(Hk) MR-100 18 270 2
381|UVINEREILEE E.H.C MLP-320G 19 100 %]
382 — LB EEE BRIV =FULY Ez-ROBO5/ACCURA DG 20 100 2
383| 7y EHTET = DR-M4/1550 21 100 2
B4 ~NYFERABEME YR TR—T) VR PZAVS G080- 034-090-55 5 100 P ]
385|HRARINSLTSFHAY e AQ-6315B 16 330 g
386|HBEASXFE R AT A Zemaxtt OpticStudio Professionalfit 27 210 ug )
387|LCRA—% HP HP4284A 7 600 Sl
388| X— L GEMEE A=A DZ2-SH 9 230| EBEGR)
389| D7 i avERL—4 Y—_—FHIMOZHR AFG2020 4 590 FE
90| EEBEERFEES FENT AR R6161 5 230 PR
391| < ILFA—4 HP HP3458A 5 330 WEGE
392| —EmE NI~ =27 )L TA—/\— N )L (BR) HMP-400SMS-Entry®! 27 350 FE
393[B-HIL—F A—R(BAT B ) FRS %Oﬁfbgﬁ)géggﬁ RE VATV0 B 4 1350 #E
394|ERRE RIRENGH B AT ATV =R E M-VSM500R 7 360 e
395| 7 IHEEFRTA—D Y—_—THMO=HRX AM503S+0p05 11 100 b NN
396|ToAILAARa—T LeCroy WR6051A 16 100 P
V7| ERERMBIMAMEIXT L ILIR—YIbIxT ($R) Marc2014AIT 26 1,600 {R#&(97)
38|AVE—FVRTFSAY HP HP4291A 6 1,650 22
399|FEEBE T VAFv Agilent 16453A 20 100 2=
400| RIRET—A B AU D EETE ISR 2V T X T [1BM eServer325 16 140 22
401| S B REHEAIE T ILAHITEA) IXTDEBREFETOVY 3660A 11 170 B
402| 74NV T STORY) = A —T ERER CS0-402BF 12 150| MHEGE)
403|AE>a—% ShyA st MS-A150 21 130 WHEGE)
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E-mail : soudanshitu@rdc.pref.akitajp
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