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Development of Multi-Material Joint and its Nondestructive-Evaluation Technique

Toyama Industrial Technology Center; Hideki YAMAGISHI, Masaru SATO, Shigeki KAKIUCHI, Takaaki SHIMIZU,

Sotohiro TAKABAYASHI, and Naoyuki MIYATA, University of Toyama; Norio TAKATSUJI and Testuo AIDA

The two pressing processes, forge-welding and swage, were examined to develop a multi-material joint, which had a
high-strength and a high-productivity, using an Alternate-Current (AC) servo press. In the forge-welding of aluminum alloy to
magnesium alloy the process time has achieved less than two seconds. On the other hand, the swage of Carbon Fiber
Reinforced Thermo-Plastics (CFRTP) to aluminum alloy has attained double the shear-strength of a strong adhesive bond.
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Basic Characteristics of Al Alloy Fabricated by Selective Laser Melting
Monozukuri R&D Center; Kiyokazu HIMI,
Material Technology Section; Takafumi YAMAMOTO, Jyunji SUMIOKA, Tomoaki ISHIKURO

In this study, the basic characteristics of Al alloy fabricated by Selective Laser Melting (SLM) were investigated. We confirmed the

characteristic of 3D printer that there are different metal structures between horizontal direction and vertical direction of molded

sample. Then we found that relative density of samples depends on energy density a great deal, and there is a tendency that relative

density is higher if energy density is higher.
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Fig. 5 SEM image of fracture surface of tensile strength
Fig. 1 Relationship between the type of additive and the test specimen (PP/Rice husk (60%) + Additive-D (5%))
tensile modulus

Fig. 2 Relationship between the type of additive and the Fig. 6 Relationship between the type of additive and the
tensile strength deflection temperature under load
4. &

PP & & 53 & DEEITEHT W THSIIFI D) 5% 511
Lk 2 A, k<A URANERY 7 LT,
FEAl s m N & D DOPIIRD m N T & A fifgs LT,

HiEE
WIFRICY 720 | BIBESLREEC I W lE&E £ LT,

Fig. 3 Relationship between the type of additive and the )
ZIICHEERLET,

charpy impact strength

SE 3R

1) KE, BIEINTL R T7 14, 385 (2014)
2) KEF, BN R 7715, 291 (2015)
3) KEF, BIEINTL R T7 16, 182 (2016)

200pum

Fig. 4 SEM image of fracture surface of tensile strength
test specimen (PP/Rice husk (60%))
F—U—FR: b5, R T Ly, bro—EE Bk EER,. SR, WA
Development of Biomass Plastic Using the Rice Husk Produced in Toyama Prefecture
Project Promoter; Wataru MIZUNO,  Central Research Institute; Dohiko TERADA |
Composite materials containing polypropylene and rice husk were produced by the cellulose mixing-plastication molding machine,
In the maleic anhydride-modified polypropylene, it was confirmed that those having a high acid value had a high addition effect on the

composite materials,

EIR TR > 2 —H78E No31(2017) 11
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£2 RS54 FE—Y3y

crank degree(®)
0~90 | 90~ 140|140~ 180)
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‘E | motionA 100 | 80~20 | 80~20
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98.0

O SPCC
96.0 || A SPC590 A

940 | t

Spring-back and Spring-in angle (°)

920 Spring-back ©
]
000 F=-=-====-—mm——m—m—m— -
) [ |
880 | Ag Spring-in
86.0 L ' L
0 2 4 6

Radius of bend punch(mm)
3 AEEENUTFEEIKOER

4 phIFIMIEOMEHER (/S UFEIH R =05, 5mm)

F—U— R Y—RF X FBENT, #FINT, &R

Development of High-Precision Forming Technology for High-Strength Steel Using Servo Press

Monozukuri R&D Center: Masaru SATO, Hideki YAMAGISHI,
Central Research institute: Shigeki KAKIUCHI, Takaaki SHIMIZU

The bending formability of high-strength steel and conventional steel using servo press was investigated. Slide motion and

override affected positional deviations from position of bottom dead point. Both steels showed spring-back at large radius of

punch R = 5Smm and spring-in at small radius of punch R = 0.5, 1.0mm. In either case, high-strength steel has bad formability.
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Table 1 Properties of CNF/PP blend

Properties PP Cl\ll:FF;;%)
Tensile strength (MPa) 31.1 314
Tensile modulus (MPa) 1860.4 2140.1
Bending strength (MPa) 36.7 43.2
Bending modulus (MPa) 12155 1563.9
Charpy impact strength (KJ/m?) 21 22
Deflection temperature under load (°C) 92.2 103.8
Thermal linear expansion coefficient (X 10°/°C ) 9.1 6.5

PP & CNF L DT~ AT MU LT, ZhEho
RSl Ee—2 & LT, PP @ 808 cm! E™—2 | CNF
D 1094 e B — 7 Z8GE L, Z4L 5 OFRE A FLT 2D [H
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HANT, 20T~ 2D A A=V %M LTI=L Z A, CNF
BEESLOEE, A REOFGHERETUGT 5 2 Ln T
7o (K2) , A%, ZOFEICI VLD, BEEY
IS5 2 & TR MR BRI CE S,
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Fig. 1 Raman imaging of CNF/PP blend

Fig. 2 Digital image processing result of Raman imaging
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Fig. 3 Press molded specimen
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Fig. 1 Filament of 3D printer

Fig. 2 Trial products of 3D printer

i

bz, FRICHTV T ETAEW - LT T
RS, SH NS AR Y Bl 2 #la g < e
B]LET,

% AMPZEE. (M) E LA PESER A D TRk 28
AP PE B I HE M ZECRT RS A - BT R AN I ES
WTHEEL7ZHDTH S,
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1. [FL®IZ

AWFIECIE, RS EE e on TN ATRE e SE s A A B
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F v T 52 LT, TOMIEMEARETEHZ &
WhhoTz N, KBTI, 77 AT v RO b2 5
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2. EBREHBIUAZE
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FEEEANVE < . BN SIS T 7 A F ¥ 2 /ERLL
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4. BhHYIZ
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JIHEERE

Fig. 1 Rake face of the textured diamond tools. (a)
Non-textured, textured (b) whole area, and single line
with (c) 1.0 ym, (d) 16.2 ym from cutting edge

Fig. 2 Comparisons of the cutting forces while
machining NiP using nontextured and textured tools

Fig. 3 Surface topographies of NiP after machining
using (a) nontextured tool, and (b) textured tools

AMFgEIL, ISPS BlEmtsEwiBhagmise (©) Gibd
F 26420070) Zs2iF TATONVE LT,

SE XXk
(1) N. Kawasegi et al., Prec. Eng., 47 (2017) 311.
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1. [XL®HIZ

WA, OB S OBFRfE T2 D4, Personalized
Medicine, Precision Medicine % Btk L 72 J& 22 0O FE L3
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SRINZAE % DIEE S VDOBIGFHEDT — ZINEN LB &
72273, Liquid Biopsy IdoRIHIMLZ: & DEKHED B 720
HTEN % AHE L 4%, Liquid Biopsy I£ DNA °T.7
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NTW5, s, I, KIBRESICBO TR ST
D08, AT CIIENERE COMBT ATV, VAT LD
(<> Liquid Biopsy SEHLD 7= 6O D JEAHANBRFE 21T 9,
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Fig.1 CTC O Liquid Biopsy iD= DBIFHEAT (CTC DifEh SELLE,. EUINET)
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2. EBAE
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221 & &
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3. FBREBR

AV ra— MEZEIVER L PVDF @RI,
PMEA/DMF {&ik%aT 4 v 72— K LT OFRE D, KIZ
K9 DA ARE L2 E 2 A, 2wt% PMEA/DMEF ¥4
TT 4 v 72—k Liz PMEA J#EOBkA (50.5°) 1%,
PMEA (58.0°) L WETH 7=, —JF ., 0.1wt%
PMEA/DMF &8 C7 4 v 72— K L7e4 (103.7°) 1%,
PVDF (1043 °) &LEVWMETH o7z, TDOT EMnb,
PMEA/DMF %12 L W PVDF K[ % = — 572901214,
2W%REE DIRENMEETH D Z L ¥biroTe,

TL7 hRAE=V BRI OVER L2 77 A
—% SEMICE WEIZE L= L 2 A, iR T/ 7 7
A 73— (CFH£E 113 nm, n=30, SD=24nm) 72MEEKATRET
b5 EERSNTZ (Fig. 1),

Fig. 1 SEM image of electrospin PVDF fibers

SE Xk
1) M. Tanaka et al: Biomaterial, 21(2000)1471-1481.
2) Z.Zhao et al: J. Appl. Polym. Sci., 97 (2005) 466-474.
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Table | ERERIRETRIRAES!

MR MR TR SR

A

- CTC [FAIZE : ffifeMfa 2 s st g L, DAPI(+), 3
A NrZF 2+, CDAS(-)DAfid% CTC & L7z,

3 fEREER

7% T DFEFNZ OV THRMIMZ P> 7L & LT CTC e
BFEMLIZE A, 14IEFID 5 5 13 FEFINNS CTC 23
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* p=0.04

14
12
10 -

o N A O ®
L A ]
20 —e—el—eoo—

Fig.2 LR CTC
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Development of Additive Manufacturing for Copper Alloy Materials Supports New Product
Development of Local Traditional Industries
Toyama Industrial Technology Center ; Takafumi YAMAMOTO, Junji SUMIOKA, Tomoaki ISHIKURO, Kiyokazu HIMI
Toyama Design Center ; Takaharu HIRANO, Emi YOSHIDA
University of Toyama ; Takekazu NAGAE, Ryouya YUDA

In this work, Selective Laser Melting (SLM) method using bronze powder material was investigated toward the technique

fusion of cutting-edge Additive Manufacturing technology and traditional processing method in the local traditional industries.

The SLMed specimens was obtained with a relative density of above 99.0% by optimum SLM process conditions. And, it was

confirmed that the dense SLMed specimens could be totally adapted traditional processing (e.g. engraving , metal coloring) ,
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Ultra thin nano structure film (Parylene)
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Fig. 4 Parylene Stamp made via our process
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Fig.5 UV Imprint using Parylene stamp
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Development of Nanostructure Fabrication Technique by Dry Process

Processing Technology Section; Tsutomu OBATA, Evaluation Engineering Section; Hiroyuki TAMBO

In this study, it is possible to obtain a desired microscopic shape by directly polymerizing a resin film (Parylene) on a replica

mold using a dry process, and transferring the fabricated microstructure to a target substrate, It aims to form devices and resin

molds possessing new functions. Ultra thin film using parylene can be repeatedly duplicated from inexpensive mother molds

and can realize the formation of duplicate stamps with high yield by low mold release resistance and bonding technique .
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Development of High-Performance Resin Powder II

Shuichi TAKAMATSU, Junji SUMIOKA, Tomoaki ISHIKURO, Kiyokazu HIMI

In order to analyze a factor of the functional improvement,

it was observed the distribution of graphite and Fe,Os in the

laser sintering laminate. As a result, it was confirmed the continuous phase of the graphite in the laser sintering laminate.  Also, it

was show that a factor of conductive improvement.
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Table 1 Laser processing conditions
Laser power, P (W) 100-350
Scan speed, v (mm/s) 250-1000
Scan spacing, s (mm) 0.08-0.12
Layer thickness, t(mm) 0.04
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Development of Selective Laser Melting using High Melting Point / Processing Resistant
Powder Materials
Takafumi YAMAMOTO, Kiyokazu HIMI, Tomoaki ISHIKURO

For the purpose of development of additive Manufacturing for high melting point and processing resistant powder materials,

the relationship between laser irradiation conditions and relative density of pure tungsten specimens fabricated by Selective Laser

Melting/Sintering was investigated. As a result, it was confirmed that relative density of SLM specimens depends on processing

parameters, and SLM specimens with 48.5% to 83.2% relative density were obtained.
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Multilateral Utilization of 3D-Printing for Traditional Industry Support
Junji SUMIOKA, Dohiko TERADA and Takafumi YAMAMOTO

The business of traditional industries in Japan has hung low every year, this is the same in Toyama prefecture. It's necessary to
add high extra value by development of a new product, high-variety low-volume manufacturing items and one piece product
about copperware and lacquer ware in Takaoka. "Kouzo-Takuri" is one of important production processes of one of Gokayama
Japanese paper "Yukyushi". This process is dependent on senior citizen's handwork beyond 90 years old at present. There is
necessity which also mechanizes a moment early and plans for automation. Therefore, we utilized the 3D-printing

multilaterally and supported it to the field of the copperware, the lacquer ware and the Japanese paper.
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Fig. 2 Schematic diagrams of the capacitive pressure
sensor in this work
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Study of Ultra-thin Functional Pattern Forming Technology
Processing Technology Section; Tsutomu OBATA, Evaluation Engineering Section; Hiroyuki TAMBO

In this study, we developed 3D decorative technology to form functional patterns directly on healthcare devices etc and
studied it as one of elemental technologies to realize products with high compatibility with humans. We fabricated a capacitive
pressure sensor using parylene that can realize an ultrathin resin film by vacuum film formation. In the prototype sensor,

capacity change due to pressurization was observed, and the operation could be confirmed.
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Fig. 1 Changes in infrared spectrum of cellulose
nanofiber accompanied by the acetylation treatments.
(a) untreated CNF, (b) to (e) are treated for the
CNF/Alg-gel and (f) to (i) are CNF/Agr-gel. Acetic
anhydride volume, (b) and (f) 0.01 mL; (c) and (g) 0.05
mL; (d) and (h) 0.1 mL; (e) and (i) 0.3 mL.
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Fig. 2 SEM images of the isolated CNFs. (a) is
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Fig. 3 The effect of alkylation
of CNF on dispersibility in
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Improvement of Manipulation Performance of Cellulose Nanofiber Dispersive Liquid

Evaluation Technology Section; Dohiko TERADA, Monozukuri Research and Development Center; Wataru MIZUNO

Cellulose nanofiber (CNF) requires some effort to be dispersed in a nonaqueous solvent via dehydration process. CNF
dispersive liquid was gelated adding natural polysaccharides to improve the manipulation performance in the chemical
modification process. The bicomponent gels were provided to dehydration and chemical modification processes.

EILR TR > 2 =28 No.31 (2017) 39



40

ENAIIIEERERWVEETE=X ) U EIZET 8%

AHIETER SR fex ATaik

1. #E

B ORPRIZE Y . TEBICBT DER, NiEOK
SVHMLTWD, F7o, EREFHRICHT 25 s R
ZRbPFEmE->TW5, £ T, ME, KR, KEZD
HAOREET — % B L, ERVEHEIC T D TiE
WZDOW TR L7,

7o, BIBSOBRENMTEEICE#HZ 525 Y ZLh
5. B|iE., BELZOFENOAEREELZE=ZV 7L
TTF—FBEkAEIT, R T 27 —4% %5t
EBHTHAERT =X VAT MO EITo T,

2. EFEZR)UIVRT A

HIEE=F ) VAT LOWME R M1 ITRT,
FEEAICIE, /BT —Z AR &' o RO
TF—h U xAPREBEIN, TR —ITE T—H
Rt — /R L T — 2 _X—= 22— \NFRE SIS,
2.1 FENZEHS

T — 2 AJRIZ. A~— b7+ (Android 6.0)
ZRV, MEOREM (Gefi, &AMME, k%) 2~
=aTNVANIL, ZOT =2t Y — b T AT
59 %, 207 —#iEEX, Bluetooth Low Energy (BLE)
BRSO GATT 3d{E {14k 2 1C -3 & i E % — A UUID

27—t Fogaift— TRt -
AEE T2 Mat tH-r1" (Brok
- menaE = 3
T3 =5

03 :Ubuntu (L inux)

S0L Server Exp.

TCR/1P

? I Ty
v:ymh” !;’ =

BLE 170 Matts547

TRIR (Pub | isher) 7

Mat 34Tk 300
[Subscr iber ] | 73470k

WS35 : C, Node. s S =2E . O
08 :Ubuntu (L inux) TCR/IP 0S¥ ndows7
Lavrienel AR HliEE O

1 EEFEZRVIITVRTL

2 FERNZEMSE (Bluetooth :B{EH43S)

Reports of the Toyama Industrial Technology Center No.31 (2017)

X 3 FENXEWMR (12C BIEHR)

BEFLTHEELE,

ATRBREE T — 2%, B Y& 7 (TIHRL CC2650STK) @
T A O, R & o7 — 4% % BLE {51
£ —EREREIMRR CHRAS Uiz, E£7-, 2C B TRt S
TR o (OMRON 8 D6T44L) % HVy, AW
ROREIREZ TG REE Lz,

oY= FUzA1X, VAR — RvA 2 (Beagle
Bone Black) & V>, BUf& L7-fdEFET — 20k o5 —%
% MQ Telemetry Transport (MQTT) 7’z h=/L3 |2k ¥,
T A M — N~ =T ET % (Publisher),

EENRERSOF ., X2 BIOX 3R,

22 T—ARUA—HREHS

T — 2 A — N (Broker) I, B — R = A D>
LD A ve—T % M4 (Topic) (Ihs CMEERT T4 T
I (Subscriber) | ZFHEUET 5, MQTT 7’12 h =2/LZ LV |
BE DY — U oA OB AREE 72 o Tz,

I S 22120 F, =S BZE LA vE—Y
25 SQL =~ REARK L, 7 —#X—Z2H%—3 (SQL
Server 2008 Exp.) | Z8G%d HHERE A FZHE L T=,

. EFE=RYVIER
31 BET—4

BA%E T AT L& O T B OB ERG1 % [ 41T,
BekT — 21, DR ID, JEFA B, K2, Ems,
il RARE, %0 o Th b, Ll CRIER
HANFRILDOEFHOLOEZMB L, RFHEY 7 b
(Excel) ZHWTZ 77 L7Bl%, K512,
SQL TF—H _X—REHWNDLZ LT LD kxR RHT
OFT =N AREE o7z, 2LV Bl 2 TR T
IROEFIAEBGINER L, 513 TE DBREEDHE ST,



B 4 f@ERT—% BE%H

B 5 2T —45 KT

M6 L£FRET — 2 RS

32 EFERET—4

YV E T FNT, SR IREE 5 STERE T 24 R
FHA L7262, B 6 (g, BT —#1%, Nk ID,
HIEFEA B, B, RE, BE) Tbhb, EREtot
VXD AEESSFT ORI, WA A L 2o T,
I, HOHREE Y2 RERICEE (M 3) L, &
50cm BEAL7- AL CEm OMRE 2 IE L7=p % X 7127
T BERT— 2%, DR ID, IESEA B R, &R

X7 EREORERIES

EHEA-1), -, IRE@G-4)) ThDH, K, RIS HE
EHEESND, REEL VIRWMEE R LT,

IO PE. HEA X J5IH 4420 | Y 716 45.7°
HY . KA 4 5EI LT 16 EIEOFEENEE Z T 5,
FEEfE 50cm CIEAHEF YA X 40.6cm X 42.1cm C, 1 FEIK
B0 10.1em X 10.5cm 725, Z D72, HROEE
BEEBE D X D128 R A v N TOERBRIEIZIXA D20
D3, RIFFEITIY T IUXENICEIT D ADBIBENR
PEOHEEIZIGH TE D AREMER H 5,

4. $58

TS EAN 2 TEH L7 @REE PSR 0=, T
— & LRIRRET — ¥ &, HEROT — X X— AT BB
BT DU AT KEBIE Lo, L ARIERIEOT — 4 &
EMLRy NU—7 T nBET 5 2 L, EHREEES
SRERERCEmA A TE, FIAFOEINCES L
KEV—ERAOERIAHATHH1E0, BEF—E 20D
EHEH T — E AR OBLENH bEETH D,
S1%1T. BEHERE A F o I S B IR S DT —
ANTOBEELE TR NIRRIC K DT — X & T e 7T
Ly EHEF 2 U T 4 JEREICOWTRETT 5.

SE Xk

DWW D~ VT LV BT WSS RIRICE 5K
FEIE~D 5, ARG AR RS Vol.8o
No.715(2015) 703-710

2) Bluetooth Core Specification v 5.0 Vol.3 Part G

3)IBM: MQTT V3.1 71 k =/uftAk

F—U— K EE@EBEEHE, A~—h7 12, BLE, MQTT, 7 —#X—2A

Study on Monitoring System of Living Conditions Using Mobile Devices

Evaluation Engineering Section; Yoshitoshi TSUKAMOTO and Katsuhiro SASAKI

For support of home health care, the system to employ smart phone as an input device and register the data of blood pressure

in the remote database has been developed. This system can automatically register additional data, such as the room

temperature and humidity using wireless sensors. And it can measure the surface temperature of the person with a non-contact

radiation temperature sensor. The information of the health care will be able to share by using the remote database connected

with the internet.
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System for Status Detection using Non-contact Sensor

Katsuhiro SASAKI, Yoshitoshi TSUKAMOTO, Satoshi IWATSUBO and Naoki KANAMORI

For real-time detection of chewing motion without wearing a sensor, a non-contact microwave doppler sensor

system for detecting the number of chewing was constructed and a program of a data processing algorithm was implemented.

Using the algorithm, the upward and downward motions of jaw were detected and the number of chewing was measured. The

fundamental performance of the system was confirmed.
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F—U—F: dREGEX. EBKAE, BVE
Study on Application of Thin Film Thermo—couples
Evaluate Technology Section; Masaaki NASUNO, Tsutomu OBATA, Eiji HONBO

We have been tried to produce Type K film thermocouples for high sensitivity and versatility. The thermoelectromotive
power of the sample was measured in the range for 20°C to 400°C. As a result, the accuracy of the sensor was confirmed in
the millimeter-scale. And, we tried to develop thermoelectric power generation device using the same structure for energy
harvesting.
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Table 1 B(CsFs)s-Catalyzed Isomerization of c-Pinene Oxide in Various Solvent.

Entry  B(C¢Fs)3 / mol% Solvent Temp / °C Time / min Conv /% Yield / %*
1 0.05 benzene 50 45 100 87
2 0.05 toluene 50 30 100 83
3 0.05 Cl-benzene 50 30 100 83
4 0.1 benzotrifluoride 50 30 100 76
5 0.05 CHxCl, 20 30 100 72
6 0.05 CICH,CHCl 20 30 100 48
7 0.1 THF 50 60 100 67
8 0.1 AcOEt 50 30 100 77
9 0.1 acetone 50 30 100 23

10 0.1 CH:CN 50 120 0 0

a) Determined by GC internal standard method.
LZVDIEFEA VY E I BRI THY, BT LTI
Table 2 B(CeFs)s-Catalyzed Isomerization of a-Pinene Oxide. Tk REFATF VRO EN R DR (Tzar
B(C¢Fs); Temp  Time  Conv  Yield YTNT B R) R trans- 71 VS — VSRR C X T, £z,
By ol /°C /min /% /%
ROV A bz, ThUSAOE—Z7 FREIC

Lo 0000 RE DL Rote, TR BAERIIOET, 5
2 0.02 50 120 44 43 o I L
3b 0.02 20 60 100 67
4 0.05 RT 300 100 70 4. F&O
5 0.05 30 300 100 74 R AR E TR T 2= W)RT VN, a-E XA
6 0.05 50 45 100 87 X RORMLIGEfEE L, 7L T AT R R
7 0.1 50 15 100 81 DENETRH LN Z L& A U, MEEMEITIER I
a) Determined by GC internal standard method. E <, 0.05mol% Dl B TR B LR ML 7 EDY
b) Reaction in CHCL, BIRIKFELEL LIz & 212, 80%Lh LR T
I XL UTIVTE RBELITZ,
Nnigmoie,

FOSRBEMD T A7 o< N 7T ML, hor 7+
T T ROE—7 OFIRICEEORIAERMMN R 5D,
GC-MS IZX W& E—7 DRIEEIT-T-& 2 A, BIICK

[8E3Hk
[1] K. Ishihara, N. Hanaki, H. Yamamoto, Synlett, 1995, 721.

F—U—R g TRV R, BT+ L TATE R, B, IRV EZILFR T 2=)V)RT

Tris(pentafluorophenyl)boran-Promoted Isomerization of a-Pinene Oxide to Campholenic Aldehyde

Shigekazu YAMAZAKI

Campholenic aldehyde is an important intermediate for the synthesis of santalol, a component of fragrances from
sandalwood. The aldehyde is prepared by Lewis acid-catalyzed isomerization of &-pinene oxide. Tris(pentafluorophenyl)boran
is known as an efficient Lewis-acid catalyst for the rearrangement of epoxides. We present here tris(pentafluorophenyl)boran
as an efficient Lewis acid catalyst for the isomerization of @-pinene oxide to campholenic aldehyde in high selectivity. The
catalytic activity is very high, and with 0.05 mol% catalyst a-pinene oxide could be converted to campholenic aldehyde in
87% selectivity at 50 °C within 1h.
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F—U—F:krn—R 7/ T7A°= BibA VT LRAX HEE FHWMLE

Development of Transparent Paper with Conductive Property

Evaluation Engineering Section; Hiroyuki TAMBO, Masaaki NASUNO and Satoshi IWATSUBO
Processing Technology Section; Tsutomu OBATA

Preparation of indium tin oxide (ITO) thin film on cellulose nanofiber (CNF) paper has been investigated to form
transparent conductive sheet. Initially, the CNF solution was drop on Si wafer and was heat at 50°C followed by hot pressing

for 18 h. Then, ITO thin films were deposited on the CNF paper by a magnetron sputtering. The ITO/CNF sheets showed

transmittance 83% at 590 nm. It was found that when the deposition temperature is increased, the ITO resistivity decreases.

The XRD peaks showed the crystalline grain formation of ITO on the CNF paper.
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1) RER 1B UACT Hifris, 1(2014), 92-103.

2) WO BEEREEEG FSW O3 _C-, PER
HIRR (2006), 160-161.

3) HH i EEETAEE, 74,3 (2005), 148-151.

F—U— B BEERERS, BESERS. T I=0 L5848, ERRN

Research of Dissimilar Material Joining and Local Modification Technology by Friction Stir Processing

Shigeki KAKIUCHI, Takaaki SHIMIZU, Kiyokazu HIMI, Hideki YAMAGISI, Shogo TOMIDA

In this research, dissimilar materials joining method of aluminum and copper by friction stir welding was investigated. The test
materials used were A6063-T5 aluminum alloy and oxygen-free copper. When the welding speed was increased from 50 to 1000
mm/min, surface smoothness and appearance improved. Furthermore, when the bonding speed was low, the effect of adhesion to the
rotation tool was increased, and surface gnaw was occurred in the shoulder of the rotation tool. When the welding speed was 50
mm/min, the hardness was significantly increased in a small region on the area with oxygen free copper. In addition, cracks were
observed in the hardening region. When the bonding speed is at 1,000 mm/min., the varying of the hardness distribution became less,

cracks were not observed, and good bonding was achieved.
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210 me e L—PNILIZ L Y CFRP Bi~INN L&A TV ke
% - O B FUMILEL O A—5 =D MILL

i 15 LIE L. ULFOMAERGT-,
Y e « JEE 2mm @ CFPR Hi~D 7RI L—HHIT) 250W %5
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05 L) C RIEDEE~ 1Y v 7 AOBEENRTRD B D,
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o7LS AR RLTIROWA LI S - IR S O T L A OMIER T, < |

3 EE SRR U 7 AOBEGENC LD BB REL 0D,
F—U—F: =¥, CFRP, K&, EAMBIERS, EhiRS
Machining a Hole in CFRP by Laser Process

Processing Technology Section; Takaaki SHIMIU Evaluation Engineering Section;Naoyuki MIYATA

It is possible to manufacture a hole in CFRP board that’s 2mm thick by laser process on condition that laser power is 250W and
feed speed is 1000mm/min or laser power is 1kW and feed speed is 2000mm/min. But, the preceding condition was repeat 3
times. There is a heat affected aria on matrix. We verified a mechanical quality at CFRP board that have a hole by laser process.
Tensile strength that is a piece by laser process is strongest at drill process and water-jet process. Shear strength at tensile line

and fatigue strength that is apiece by laser process is not as good as drill process.
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FEE D & DAD D, FRZIFRITEIRD & DITEHRA— 4
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Table 1 Parameters and initial conditions applied to the
results of Fig.1 to Fig. 3

1
Ax = Ay = Az = 2At = 1/N5,

Parameters Ny=N, =N, = N% = 50,

Initial conditions

(attime t = 0) x r?
Ay = — E exp| — m
0 otherwise.

3. StEEREEBE

Fig. 1 [T fE R OIMBLUX 20~

Fig. 2 \ZIX Fig. | OWE O 7 07 7 A VERT, BFk
&b FEM B3 7S CIEMERR 72 B M A FR T A 2




Enbmns,
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Fig.1 3D plotof B, at z = 0,t = 30At by our method
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Fig. 2 Cross-sectional profiles of B, at z = 0,t = 30At TW5, EMC# RO DFEE LTE, 7F—IHET
VMR ROBLED DI ER VAT b & D, L
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1) A. Taflove and S. C. Hagness : Computational electro-
dynamics, ARTECH HOUSE (2005).

2) KHRML : CIP 1, 7RAEHRR(2003).

3) KPRt - (53R AP2006-104(2006-12).

Fig. 3 Comparison of time-dependence of B, at r =0
between methods and the exact solution

F¥—U—F:EMC, BRI, ¥ Iab—var, CIPIL 7V
Numerical Calculation Method for Electromagnetic Wave
Evaluation Technology Section; Naoyuki MIYATA, Katsuhiro SASAKI and Yoshitoshi TSUKAMOTO
We propose a numerical calculation method for electromagnetic gauge field, i.e., one that automatically guarantees the
divergence free condition of the magnetic field. In our method, by solving the time-dependent massless Dirac equation one

obtains the time evolution of gauge field. We confirmed that numerical results of our method were in good agreement with the

exact solution.
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Fig. 1  Experimental setup for machining nickel
phosphorus layer using ultra-precision cutting machine
with shuttle unit

Fig. 2 Photo of NiP surface after machining at various
machining conditions

Fig. 3 Plastic molding fabricated by transcribing the
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The surface was coated with various thick layers.
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Fig. 2 Pressure vs. output characteristics

Fig. 3 Visualization of surface pressure distribution
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Development of Mothproof Nanofiber Sheet

Production Technology Section; Takumi YOSHIDA, Ryoji KANAMARU and Toshihiro NOJIRI
Monozukuri Research and Development Center; Daisuke NARUSE

We studied the development of mothproof nanofiber sheets that could apply to high-performance clothing or industrial

materials. We obtained the nanofiber sheet with 90% or more of the repellent effect for Aedes albopictus. It was confirmed that

the repellent effect for Aedes albopictus of the nanofiber sheet lasted for 3 weeks.
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Study on the Running Stability of the Drive Mechanism Using a Archimedean Wheel
Product Development Section; UENO Minoru Mechanical System Section; KANAMORI Naoki
Agricultural Research Institute; ITAYA Kyohei

National Institute of Technology, Toyama College; KANEKO Shin-ichiro and TAKADA Eiji, KOUSAKA Kenta,
HAYASHI Masashi"!

We verified the improvement of herbicidal effect and stability in the mechanism using Archimedes screw. Although we

aimed to improve the effect by increasing the number of times of running, we could not obtain a reduction effect. In order to

raise the effect of weeding, it is necessary to process the area where the wheel does not pass. We improved the shape of the

wheel and the vehicle structure, and improved the driving performance in the lateral motion.
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Fundamental Study on Cellulose Nanofiber Composite Material

Norimitsu SANAE and Ryoji KANAMARU

In order to obtain the composite of cellulose nanofiber(CNF) and polymethylmethacrylate(PMMA), we tried polymerizing

PMMA in the CNF aqueous dispersion, and investigated properties of obtained compounds. As a result, it was found that

PMMA can be obtained with high yield when the polymerization was carried out under a nitrogen atmosphere and in the

presence of a certain amount or more of a catalyst, and PMMA was not only present in the dispersion but may also be present

inside the CNF. In addition, it was unfortunately found that it is extremely difficult to mold CNF/PMMA compounds into

composites since compounds were not thermoplastic.
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Molecular Structure and Physicality of PU for Nanofiber Production with Excellent Productivity

Production Technology Section; Takumi YOSHIDA, Norimitsu SANAE and Ryoji KANAMARU
Monozukuri Research and Development Center; Daisuke NARUSE

As a result of the structural analysis of PU-A excellent in mass productivity, it was found that 4,4'-MDI and ester polyol is a

raw material and its Mw is about 100,000. PU with the Mw of about 160,000 was synthesized using 4,4’-MDI, PCL of Mn

2,000 and 1,4-BD, and the nanofiber was produced by the electrospinning method, but it did not reach the productivity of

PU-A. Productivity improvement is expected by synthesizing PU using PCL of Mn 530.

Reports of the Toyama Industrial Technology Center No.31 (2017)



EFY—TILIARFUIZKBKRIBRNKDEENZRET 52003

ARES AT LER RO, B

1. #S

KRG TR L THDIL, b FORBWERITCRET S
KT D, ZOWREBPERT &I B L2 | )
L7203 5Z LK VE, B, IMAREREITITED Z
& CATORG L CAST 5 & & ORIV CIRIR %36.5°CRii
BITRFIL L D LT oECH D,

FIT—~ /L~ 1% ATERERE & RITEZHIE LT,
bt FOFTRELZHHT 2IEE THDH, Lo, HikdéE
Tt FOABSISE BT 52O TIH RV, BE DX SR
RIRFAEIZATS 7 0 — Ry Z BRI O TH 5, HE
DT U 7o ARRImREE & FIT R 2 22Ul %
T & T, BTIRORIL AT H3EHE TH D,

ZZC, AW CTIIRIT LI238A OARNIRITEE 2 A5
DBSIND, b R ERITh—~/b~ 3% & OENZ Ik
WZTHZ LR HBE L, ENEIUT OV TRIEFBRZI T,
T —~ /L~ 3% o CORAGHITIEOMNLE BFE LT,

2. X8
21 EEBROKMREFZDOLT

B, R —~ L~ R UEERONRE, K
(#8100%, FAMHTS ¥ ), FREAY = AT 198%. R U 7 L
2% B L —=27 037, ERGERY = AT v
100%., RHibEL) ZEHREE L, 2O LR =27 L
100%DY > 7 &35 H LT-5a (X1 AE) &5 L72R0GAa(1
FNCOWCHERFER AT,

TYHIEWE & HIZ N L—=u TRy R, B
BB I3 RIRIRE SEATOR L E L, BT h—~ i~
AFANIEAR AL LT,

22 WEREICKHERAEERICOLT

EBRE | MR 2 M EA L B2 4, 2FE DR SR 2452
(135 SR A1 T o 1=, BRE OSSN J64.50%, TR
157.0cm, “VHIAREIT67.5kg T D,

FERT 1 R A ERUTTRT, FEIRAE25C, SEAmE
35%RHDENEREE CRIEELFHT Lictk, Bl E I8¢5 2
& TRIHREEAT o7z, EAZTH D05, TR~ ED
TN DR ORITIRI T 5, M, D, M,
RARPNIRIZEE DFHZA T~ T2,

M, O, MEREOFHINCI, Eei R E S (o
—7 v R 2 TERI L, ARV OFHRNZ I,
HC2-COSANEITE & P (rotronictHHd) 2 H L 7=,

BURRRR iR

TR IS, s | 0 3 0 FTOALIE T,
g & NARORNZEUS S 172, RIRIES3 Panasonic 140D 25
—ALT7y FANEFERHLE (X2) .

T, TETHEW D TETHLEY] ETO1ER
CHREHII 2 550 AT o 72, [RIRAZ & DB R T OIKER.
PRREFHZ OV T HE T Y TR EE LT,

®R1  #HEREERTO L3/l (BIESOmIn)

BEFIvY
RE 25°C B OE ' 30 min -
 E-EEE 30 min =
A 36%RH B E & B 20 min =
BEFIVY

1 KRRV v 7 HE) 2 HEREEER

23 FEFH—TILIRFUTOERIZDONT

FIF—< /L~ 1% A%, bE - LR R A R L
7o BHZIGHALNTHEIL, AR~ R o RERESR
FITEOHIEHNFTRETH 5, FRIHIKRDO LR TH D,
c 5 174em, EE 48kg - MY : FRPEHR
 FEITHE : 20~1,000g/ m*h/AE0L + FEFFLEG 1365
- NLEJE: 257 1 v hA—VIERE (Bih)

FEERE TR K P EAE RO EIR ENE T v > 73— OS-9FS
RZEA L, IREE25°C, 1AE30%RHDERRE L Lz,

FFh—~ /L~ 1 AIERmREE 33°COBRETERE L,
SIS 50« TR, AR - R 4 L e L, FET
% 100ghth O—ERE Ui, 7272 L ISR T 1
[Elmin [ ZEESIVTND, ARADIRREE L AT
EPNKROMTTHFD 2 AT, Winsh, et 4 M7=,
FITILEIRITLE A ONEER DT Ol L— P —~—T ZF|
Lo, T h—<~xX 9807 a bUdER 2 oLl
0 TiD, FIRNDIRTEZS Y, FBEEDFHIZA 77,
x2 FFY—2IILTRFUERTO LI (90min)

BE EEOTE
iR 25°C FS 14 K& 10min -
R 30%RH ¥ T %k & 30 min £
FH=IE REE 50 min
IFEREEBR

3.1 HERERBROHERIZDOT

LR T 2ER 2 > 2 —WHeE; No.31 (2017)

73



BRE IR CIE, ISR RIBAZ AT Y F 032 < | FRIT FEZAREF L X 9 & FEES LYY | EIRE(33.0s°C) Sl
FETZAE D Br A I RGP TR A DEIRDNE IR, 237 % DEETDND DD,
D72 DD 0 Do ARFIEOPIRE I ILIRTT —H DD,
FanEIT WA &, FENETVB Ll L-piRE <

oD, ARNOIREREOREHERN 3, K HHh, 20

ZEIFABMNEIeoTe, Fe, Yy rEROEAITIE, FRHL

7REAIT L UARNOIREED R < 720  AIRNA R LB

UVNMRRBIZ 72 o722 o7,

FIK 5 DLBY, Yo rEaEH LR LD M

B IR D Z EDHBNT Ao T, T OMFED R RN,
FERIRE DR IRIEE B 2 HD, RIRIB TORITEHED
FIREDET LTt bt L T D 2 & b arhoTz,

3.2 HEREEEROFERIZDOINT

M6 FFF—TILIREFUOKBNEE - BE

3 WEREA: B - KIRADEES KWEE

K7 FFF—TIIRFTUDERHE (HEL)

4 FESH

R4 WEREB: %5 - KENOEES L EE b R Al o 7 R RO, REERIROTH, Z
L2 Sl DR E < L, STV % B %< KR
PR KB 2R T2 A e R C o B, D, RTF
e e 3 LA AR SO T
— %0, JEBRRIE D OB Y| BB AR
ST 2 B B & S 2 B,

B5 #ERE B VY ERICLIMRE~NDFE 7272, WERE IR S T LTS bR &
33 FFY—TIL IR EFUDERFERICDONT DOEBWIIGICEENED = LI L, BT h—~l~x
FET—~ N~ R COERRRER 6, 7177 FTIED LS RBEDRN LD I HERD D D,

X 6 13T —~ /L~ F L O CEZTIT 72, AT FTY—< <= 32X AL DRIRMERERHIClE, B Fo
B & A & DD KIRNGIE TH 5, APRSUR AR L, KB L CRHAAT 5 2 L WNEETH D

Yo RO PRENEE BIEE LE <, A LBWIK EEZTEY, BIfE, ZNOIEE LR —~/L~3
REIZ72 > TND Z ERHAREIZAINI CE B, FEAEDFER) XN LA~ =2 T A EER T THh A,
HlE. BITORAACTREIIEEN FRA5 720, AEmR

X—U— R T, P—<AwRXr, BX, KENERE

Study on Moisture Transport in the Clothes by a Perspiration Thermal Mannequin
Takeshi WADA, Toshihiro NOJIRI, Miyuki NAKAHASHI

We studied using a thermal mannequin sweated and man to do evaluation of clothes. As a result, estimating by a
thermal mannequin sweated, we found out that it was necessary to be conscious of human physiological response.
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Development of Supporter around the Hip Joint with the Function Considering Muscle Load

Product Development Section; Miyuki NAKAHASHI, Product Technology Section; Ryoji KANAMARU

To develop comfortable supporter that can reduce the muscle load while walking, we clarified the effect of supporter
wearing on muscular activities using electromyogram and joint angle analysis in this preliminary study. As the results, the
wearing of a supporter with the belts of hip and thigh reduced the road of the rectus femoris muscle, vastus lateralis muscle and
biceps femoris muscle. The effect was more marked during standing-up and walking.
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Development of Superior Baby Carry in Thermal Comfort
Production Technology Section; Megumi MAKIMURA, Ryoji KANAMARU

Product Development Section; Miyuki MAKAHASHI

This study raised temperature comfort in an interface of the wearer and the baby who are at the time of baby carry use. It
was studied to secure air circulation route for relieve heart and moisture in clothes. Therefore, we installed a compulsion
exhaust device in the baby carry. In order to evaluate the performance, we conducted experiments using female subjects of
aged 30 to 40 years. As a result, we could suppress a rise of the skin temperature and the temperature-humidity in the clothes

by doing a compulsion exhaust device.
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Study on the rebound characteristics of a bat for rubber-ball baseball

Product Development Section Akira URAKAMIm, Minoru Ueno
Planning and Information Section Masato MIZOGUCHI
Kanazawa Univ. Daisuke YASUTOMI, Shinobu SAKAI

In this research, the collisional property of a bat and ball was investigated experimentally and using a simulation analysis for
the purpose of hitting performance improvement of the rubber-ball baseball bat which is one of the popular sports in Japan. As
a result, the validity of the rubber-ball analysis model which used by this study was confirmed by comparing a result of the
collision analysis with an experiment with a ball and a fixed pillar rigid body.
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F—U—RBERE. 7y M7 BEUR. BEAERR, B L
Measuring of Foot Pressure Transformation on Shoe in Time of Walking

Product Science Section; Shinichi ISHIWARI,  Production Technology section; Megumi MAKIMURA

A foot care goods like sox is manufactured on some idea of preventing being injured, is present to patients explaining some
effects expected by inventor without any evidence. We hope to understand a mechanism of foot injured in time of walking. But
this is really difficult problem. We thought it is important for us to measure pressure in shoes at any rate.

We have the Force Sensitive Applications, which is pressure sensor instituted on inner sole of shoe and is able to measure
transition of pressure at definite point. Using this equipment, we have observed a transition of pressure at definite points on
shoe sensor in cases of wearing sox named Protect iT produced paying close attention to fitness for foot, and Cotton sox
produced by Komeri made in cheap, and sox newly produced by us, which made of a spandex textile, fitting for foot.

From our experimental results, we cannot succeed in finding positive interpretation of Protect iT and our sox compared with

Cotton sox of Komeri in view point of fitness of sox.
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Inlet2 Outlet2 ([ER%)
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(30um) (5.5%Ki) (94.5%)
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(24pum) (0.2%3K;7) (99.8%L1 L)

INHOZEND, BIR LT SiEEmOoBEEREE b
DT b OB NS WTF » FIEH A 5D L&
B2/ WD X0 EmOES Tz cE 5 2 &%
RLTz, LEWEIVNE L 72D & AMERZEORERIS O
JanE 0 Z<IBAT DL D78, ERoBMIZE
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1)Huang et al.  Science 304, 987 (2004)
2)E IR TR o 2 — e 30, 89 (2016)
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BN XTI 777 4 W& HE=4Y
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(a) After 500cycles

(b) After 4750 cycles
Fig. Laminography images of fatigue cracks in the
same solder joint, showing the fatigue crack pro-
pagation process
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&% b2 PDMS YRR F » T 2ER LT, ZhbDTF v
ANV VR T ERANTAF Y (01%v) % 500
mL/min C 10 Z7EREFEEA L, IR O A FEFT RS T i
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PR DOT DR TR OPAZEN R b7,

Fig. 1 Cross-sectional view of PFA microfluidic chip
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7 v FEER -~ A 7 aRIET A AEFEBT D72,
7 v FER AN T3 % PDMS ~ A 7 DRk & PFA Fed
AR OWN TG LTz, %I, i HERT » 7
R EIBE L TV FIETH 5.
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ARFFEIE, ISATEOEN B ARF IR B R e Bl
B (CGHEWFZE(C) WHEUER 7 15K05749) DBk %
BCEESN-ZEERLL, #HEEERT D,
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1)Huang et al.  Science 304, 987 (2004)
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ISR 21T - 72, B —A(Megabead NIST Traceable
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PEREZRHlT D Z L ERBH Y . SHBFTL TN,
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W2 R A X5 270 DO Rt~ A 27 1
WART > 7 &3 AE L i 72 FTAEE 3K 40,000 {EARSZ L
TmF o T efflld 5 2 LN TE I, 2, BE—X0M
JADIEIKERRIC LY ZOMEZFHME L& 2A, Th
FTO 20 fEFEE O CHUEE T & )y D@V VR -4y B
PEREZRFO Z LMy inoTz,

S &3k
1)Huang et al.Science 304, 987 (2004)
2)FiRA 2016-77717 THIAL & S B3 2 51k ) OVAEE |

F—U— N <A 27 Biftfk7 /34 X, DLD, HA X455k

Development of High-Throughput Microfluidic Device for Rapid Particle Separation

Machinery & Electronics Research Institute; Koji TAKATA, Central Research Institute; Tsutomu OBATA
University of Toyama ; Takuya NAGATA, Gunma University ; Takehiko YOKOBORI

The method to separate particles by size has a potential to be used in many application such as cell separation, functional

particle separation, etc. In this study, we developed microfluidic devices which could be used for high-throughput size-based

particle separation. We carried out separation tests using beads and cell line, and showed that these particles were rapidly and

successfully separated by our microfluidic chips.
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3. EEAER
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BOFIE—. ARFIR

T=EFEThoTr, HEFE I Pt ORI TEIE, ITO, SnO,.,
CeOy HIZHEFENTZ b DIFHE~SmmFEE TH 72— T,
Ho,03 FITHEFS N2 DX 2 75 3nm FEEE & i)/
kit Lotz WINORENL XRD 2535k 7- Pt
DOFET YA R1L 2-3nm TH o7z, BEEOEZ 5720
72 PtHHEFITO, SnO,, CeO,. Ho,03 DZILEILDMAT
FHZOWTEPMA IZ LY Pt EAZRHE L7=& 2 A, f5AA
FERL T Pt A 20wt %%t LT WD 18~ 19wt%FEE T
HoT,

(@)

50 nm 20 nm

(c) (d)
~pt

20 nm 20 nm

20 nm 100 nm

Fig. 1 TEM images of Pt loaded oxides prepared using
(@) CuO, (b) ITO, (c) SnOz, (d) CeO2, () Ho203,
and (f) Bi2O3

Table | Open circuit potential (OCP) of prepared cell

Sample  SnO:2 ITO CeO2 Ho203 C-pt

OCP (V) 0.82 0.88 0.55 0.56 0.94

RICALEE TREIC W T HEEDNE Z 720 o7z, Pt HEF
Sn0,, ITO, CeO,, Hox03 & ZALZAUEE L U 7= BRBHE
DERFAE A TE U, BIAGEERIERE R 2R 1ITR T,
ITO kL% W= AR DB B E 3 e b BV M & 7k L
7=

BRI e b iR M 2 7 L7z PHEEFITO fkz -2
WT, YU B a— MNEORRFIEIZ OV TRF LT,
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A EERL U 72 A HE Pt AR LR 7130 A AR
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20nm

Fig. 2 TEM images of Pt loaded ITO particles with
coat layer
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Preparation of Nanoparticles-loaded Oxides

Toyama Industrial Technology Center; Yuichi SAKAI and Eiji Honbo

Nanoparticles-loaded oxides can be applied to catalysts of gas sensors or polymer electrolyte fuel cells (PEFCs). In this

study, Pt nanoparticles-loaded nano-sized oxides with silica coated layer were prepared. And then, the prepared oxides were

applied to cathode catalysts of PEFCs. Pt nano-particles were loaded onto nano-sized CuO, SnO,, ITO, CeO,, Ho,03, and

Bi,0; by using colloidal Pt solution. The dispersion of the loaded Pt-nanoparticles was uniform. Silica layer was prepared on

the surface of the prepared Pt-loaded ITO particles by using silane coupling agents. The thickness of silica layer was

approximately 5 nm. Prepared Pt nanoparticles-loaded ITO particles with silica layer were applied to cathode catalysts of

PEFC:s. It was confirmed that the prepared Pt nanoparticles-loaded oxides act as catalysts of PEFCs by measuring polarization

curves. Output power of the PEFCs using Pt-loaded oxides with silica layer were lower than that of the PEFCs using Pt-loaded

oxides with silica without silica layer.
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Table 1 Number of images of each virus disease
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Fig. 1 Examples of healthy plants

Fig. 2 Examples of tulip infected mild mottle mosaic

virus

Fig. 3 Examples of tulip infected with streak virus
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Disease Judgment of Tulip Based on Camera Image
Mechanical System Section; Naoki KANAMORI and Human Life Technology Research Institute; Minoru UENO

The tulip which is a prefectural flower in Toyama prefecture is the main flower product in the prefecture. In the cultivation of tulip

bulbs, it is extremely important to quickly find and eliminate diseased strains. An algorithm was developed to discriminate whether two

major viruses are infected or not by using the camera image of the tulip being cultivated. The algorithm consisted of a feature extraction

part using depth learning and a classifier part called a support vector machine. As a result of examining the performance of the classifier,

some discrimination performance was obtained. But, the variation in discrimination performance became very large since the number

of image data sets for learning classifiers was very small.
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Table | Properties of thick films

Sample Substrate Firing Atmosphere After firing Dielectric constant tand

A Al203 Rapid LNKN adhered 700 0.065

B YSz Rapid LNKN adhered 540 0.079

C Al203 Conventional LNKN adhered 680 0.040

D YSz Conventional LNKN adhered 260 0.060

E YSZ Conventional None delaminated 280 0.046
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Fig. 3 XRD charts of (a, €) sample A, (b, f) sample B,
(c, g) sample C, and (d, h) sample D
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Development of Lead Free Piezoelectric Thick Films

Toyama Industrial Technology Center; Yuichi SAKAI and Yasutomo MASUGATA

Pb(Ti, Zr)Os (PZT) and its related materials have been applied for actuators and energy harvesters because of their excellent

piezoelectric properties. However, due to environmental issues, there is a strong demand for developing lead free piezoelectric
materials. Lead free (K, Na, Li)NbO3-BaZrOs-(Bi, Na)TiO3 (LNKN) ceramics is one of candidates for PZT, owing to its

temperature-stable MPB. In this study, firing processes of LNKN thick films by screen printing were investigated. Firing

temperature profiles of thick films were studied. Whereas delamination of thick films was occurred after conventional firing

process, thick films were adhered to substrates in the case of applying rapid firing process. However, grain growth of thick films

prepared by rapid firing process was insufficient. Firing atmosphere of thick films was also studied. Adjustment of firing

atmosphere by LNKN was useful for prevention of the delamination and improvement of electric properties.
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Fig. 1 TG-DTA curves of the CNT sheet
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Fig. 2 SEM image of the CNT sheet (a)before coating
the PZT (b)before firing PZT film (c)after firing PZT film
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Fig. 3 XRD pattern of the PZT film after firing at 700°C

Fig. 4 Hysteresis curves of the PZT film
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X —U— R :PZT, Y VF N EEHE . BRELZT
Preparation of a Flexible Ceramics Piezo-Electric Devices

Toyama Industrial Technology Center, Yasutomo MASUGATA and Yuichi SAKAI
Development of Flexible piezo-electric devices is expected for wearable devices and internal power generation devices.

Toward fabrication of a flexible lead zirconate titanate (PZT) device, a PZT ceramics film has been prepared by using sol-gel

method which can be performed at low firing temperature.
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Development of the Positive Electrode for Magnesium-Air Battery
Electric engineering section; Eiji HONBO and Yuichi SAKAI

The components of the positive electrode of magnesium-air battery, i.e., graphite powder, oxide catalyst, and conductive

additive, was investigated. The positive electrode composed MnQO> added acetylene black showed high energy density. The

electrode composed synthesized LaMnOj3; was equal performance on discharge capacity.
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Study on the Sound Absorbing Materials of Good Thermal Conductivity

Mechanical System Section; Toshinao HASHIBA, Naoki KANAMORI, Material Technology Section; Tomoaki ISHIKURO

The aim of this study is to develop the sound absorbing materials of good thermal conductivity. Sound absorption coefficient

and thermal conductive property of cell structures with perforation containing some aluminum fibers mixed with carbon fibers

were measured. As a result of the experiment, by the fibers, thermal conductive property of cell structures were improved, and

sound absorntion coefficient increased bv 0.1 in range excludine resonance freauencv.
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Study on Simplification of Manufacturing Process for Organic Thin-film Solar Cells

Electronic Engineering Section; Takashi TERASAWA, Eiji HONBO

Organic thin-film solar cells (OSCs) have problems such as limited material (hole transport layer, active layer), poor

reliability (maintenance of initial performance), and the like. For the purpose of increasing conversion efficiency (CE) of OSCs

and simplifying fabrication process, following studies were made. (1) Hole transport layer, (2) Improvement of current density,

(3) Suppression of reduction in CE. As a result, polyaniline was effective for hole transport, chlorophyll-a for improvement in

current density, and perovskite structures (BaTiO3) for suppressing reduction in CE were effective.
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(a) After 5 frame image

(b) After 6 frame image
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Fig. 2 Vertical displacement among the 5 frame after and the 6 frame after image measured by DIC
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Practical Application of Vibration Analysis Technology Based on Digital Image Correlation

Hiroyuki TSURITANI, Toshihiko SAYAMA, Naoki KANAMORI (Toyama Industrial Technology Center),
Takeshi TAKAYANAGI, Yoshiyuki OKAMOTO (COSEL Co., Ltd.),
and Takao MORI (Toyama Prefectural University)

In this work, we tried measure the vibration by digital image correlation. At first, the beam made by rubber sponge was

vibrated by vibration tester and recorded to video image. The displacement distribution was measured from the video image by

digital image correlation. In addition, the vibration was measured from the displacement distribution. The measured vibration

corresponded approximately to the actual vibration.
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