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(ZE pm FREE OBHIRL AN TR0 LT D Z & 235570
272 (Fig. 2)o T OHIRIAT O/ & T IT 0I5
KENZBN DT RVBEOE > F (Fig. 3) & bR AET 2
T EMD | RERARIRRIC IS OEENL, T OIS
WL Z IO THD Z PRI NS G TR
TNNED ZD L) BT RO BBFRD B oT),

Table 1 Mechanical properties of the material
. S 0.2 % Proof Tensile Elongation
Material Direction| o oss (MPa)| strength (MPa)| (%)
AZ31B (as rolled) |RD =LD 161 271 12

1238 ‘
g L (a) (D)sH=LD
B a7 . e * o
g 3| N / 4 ! "
R 2 ]
AZ318 g / \ J o ,'};’1'
TD[H.@ né}_ 1235 . ./ | o e

,_
o

]

®

0 1x10° 2x10° 3x10° 4x10°

f
“‘ ‘ 12.38 ‘ ‘
[]® £ g - (b) @si=m
I = == o M S R 74 . E
T & g l o /. /.o |
‘ S 1236 / \ / DA >
B o e |6 e R
‘ T S / e ”’.‘-/.\"/. 1
E ’ | ° . % |
1234 ‘ ‘
0 WE M a0 a0’

Number of cycles, N

Fig. 1 Variations in propagation time with the number
of cycles obtained using the SH wave in the directions
(a) parallel to the LD and (b) the perpendicular (The
data is halfway due to a fracture at chuck portion.)

Surface
B v

Fine grain band

ZOOH " 4.', et
Fig. 2 Inverse pole figure (IPF) map of a cross
section of the coil-rolled magnesium alloy AZ31B

-é@ =
Strip pattern

emerged
soon after loading

Load
(tension)

0a = 65 MPa (R =0)
N;=9.8x 106

~

N/N; = 0.06

N=6.1X%10*

Fig. 3 OM images of the specimen surface with the
number of cycles

SEXH
1) H. Yamagishi et al.: Metall. Mater. Trans. A, 41 (2010)
2151-61.
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I EIREEMIEIC & 5 REEREOHR -

Aol & BIEERICET S

BREEMINTAR SOk 42 FUEIROEERIIER IBHE B BILKEE 24 B 5
HORR bR R 2
1. [ZLHIZ & LT BxPC3 33 L O'MIAPaCa2 % fi\ ., $it EpCAM $ii
A, il Z & ORI AR SHL, T | 34 RETIIHEGFR HFUAZEA LT v 7226 O

DTHEHHEMETH D Z BRI BIMEN>ob 5, iRt
X, BAOHL S, JFEENS/ NS RERCOEE, Yk
AREZIRRE COEFE, R EIC kD72, WHEICITHKD
FRY BHITOINA « ZEARO LN TND, S HIZBLR
TIXZOFEBUCIRA N D D 720, Bl 2B Ei OB
DHED LI TN D, ZOHCHEEAE S AORM L HIZAT
1ET 2 (circulating tumor cell ; CTC) Z #3258
WA SN T D, Ll 2 E TORdRED CTC if
eI DI FHITO CTC R HEEETH D = L AVR S,
ZO—RE EEHOERICH D LHESHTWS, 5
HIXTZNETIC, A 7 BiffETF > SO~ — T —I
T DHURZE A LT, FillZe CTC HlifeT /S A A 5 KV
~—CTC F v 7 %Bi% L. @b®ﬁiﬁwf%®ﬁ%ﬁ
REAMER LT\ D, AT v 7 Cldf»x OFEE RS
ANTEDEERNHDHDT, AL Ti#%@@ﬁ%ﬂ
TN ORI 9~ 5~ — I — 2 DWW TR L2,
S HIZF v TR Lofilaic o\, v 7 kLT
DR, FHE B D LT Fa OfEHT & et LD ¢
WET 5,

2. R <X—CTC F v JIZ & DR DT
RO CTC HifE T, D _ERPEIC -5 & EpCAM
2=y h~—h—L LTHWLATEY , A5t

THHt EpCAM HURIC L D8t 21T > 72, F 7 gt

TIXEGFR BIALK I L TWD Z ERHMBINTWNDHD

T, PLEGFR HUAIZ KX D4 & Ikt U7, Elstraibie

1.0 1.0

HadRii 2 i U CHlite R 21T o 7o, 3RS A il
B (Fy I S0 F v 1A LTc
Hila%) & LT 1 IZ7R Lz, BXPC3 Tlid EpCAM,
EGFR Ofifiva ¥ —77 v & LTh, g B
TR HNT, —J7. MIAPaCa2 Ti%, EpCAM Tl
F & A ERIlaAE 2o 7= DIIZxf L, EGFR C
IR & 2p o 72, F£ 72 EpCAM & EGFR DL
T, (T OMIEIZIBWT S EGFR 2% —7 v R & L
T EWE R & fp o7, DLEDORERG s
@ CTC H#EIZHBCTIE EGFR M EBUVMEIE X —7 > b
LIRD TN To, AREHIEN L7z MIAPaCa2
VX, R AR OO B C T iR EGFR ZELMEW O
T, ARRETCEH L2 8RC &0 A < st 2 4
L CE D AMBEMEN S D, F7- EGFR 1%, Hifao bR
PO B N T BRSNS BN SR TN DD
C, AR O CTC R ICE A X 2 et H 5,

3. LU IEILOENR LB TFRRT

Fy AR SNl E, v 7 rENy FEBLIW
VA AT =2 L—FIZE D TR TEITE
5 L& ZBRICHER Lto F - T OG- RAT
T e CIa < B35 B D FEELE 1D ras (2O
THHTCED Z k%ﬁ;bt(lzﬂ%)

HIEE - AUPRIERFE GEENFZE(C) : 16K10617) D))
RaEZ T b0 THD,

0.9 0.9

0.8

£os g
30 So4

o3

So3
(@]
02

0.2

e T >0.8
% 07 é 07
3‘:2 0.6 é:z 0.6
®os - s

0.1

0.1

0.0 T 0.0

anti-EpCAM anti-EGFR
(HEA125) (C225:Cetuximab)

BxPC3

anti-EpCAM
(HEA125)

Fig. 1

Negative Single Positive

anti-EGFR
(C225:Cetuximab)

Control  Cell  Control

MIAPaCa2
R —CTC F v J OBt ae

Fig.2 FEREIZS >V ILE2ILD ras|ZF
9 DR
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1REDMERRIZHS 1 EOMPERESMIEZIEIIET 5=-60D
+/) D7 AIN—D 4 I)LIZ—DFRF

bOS ) AT ST

1.

B
)i

AR IRV U ORI 2788 L TS S
A, i APEERIERMIE (CTC) SMEENTRY ., £
NSO, JERICBW TEEREEZH- TS &
WEITW D, AR Tl S U7 WIS A
b CTCIIFRET D LOWELH LD, CTC & &
BEE TR T 2 2 s TE UL, MR K-> Tisa
FHPE R CE D REMR D D, LorL, BUTCTEROHL
RS Sy F (EpCAM) HiiRZFIH L7-fifife s 27
LT, EpCAM FEHLIME Y CTC OFfi R SR I K
FLTLEY o, FHEEOEWBZETY —LE LToD
CTC HitE > A7 ADOFEBUZITE > TR,

ARG TIE, T/ ~T U TV OMEHERE (RS AHE
PRI L) 2R &Ik, HURBUAK
A B REEAE L REHUR OFEBLEDIR Y CTC % @i
FCHET 272D F ) 77 A "—T 4 L Z—DF %
HHyE L7z,

=

2. EBRAE

FIEREDOF My bR =F L oAy K e 2K
W U ORI E L, =L ke A= 70k
\ZED T T AFER E~Kk LT, RimlcedF o071k
FONE FaXv 27 v I RZATAVERTHHRY
TF L 7Y a—/ (b-PEG, Mn=3000) #iliHEZmic
BfiL7-%, 70 vX 7 OHic, A ¥ 2K PEG
(m-PEG, Mn=2000) #f{&ffiL7=, b-PEG KiuD ' FF
VAo, TEV VT RN LT AT ARG A [
TE L Ry iiE &2 O Cifit 5258 217 - 7= (Scheme 1) ,

X 10.000 = | pm

Y E4FUALTIE
@ TEDY
?Q E# 7 ALPEG

Scheme 1 Schematic diagram of the

FI/ITT7AN

antibodies-supported nanofibers

*1BL RIS AT IERT

PEEESRMINTAR Kok 4%

3. ERERB L UEBR

PLEpCAM FLifsfifs ) 7 7 A 3—2 X D, FsHisk
A (MCF-7, EpCAM [5tE) Ot IERRAZ1T 72 & =
5. ORI 8T % Th o7, )y, [EMsigiiz
HELIET ) 7 7 A XIS K DHiERIT0 % TH Y, FE
B BB I TR STV A Z E R TE 2, T/
T AN=LE UM EHNCTAY Yy a— 7 Vb %
ERLL, 2Pt CD9 HifkZ R L C MCF-7 #fific
DIFREZ I Lo 2 A, T/ 7 74 S—OfHE X
43 %, A a— K7 4V ADFT L %ER0 ., T
7 7 A = &N MEHERE DRI TR STz,

T T 7 A 3 — LI UMl 2 e A - B
WCEVBELI-E 2 A, Z< OMIRIE 1 Kb DWITHEAR
DT T 7 A 23— L O L0 IRFF STV D2

Ao (Fig 1), flfRERCII, ML kL oz
fill X 10 23 FENCBRE AL TH Y R EE T 2121315
TRREEITCIE 7R 2, Ml E T 7 7 A 3= L IEEITH
JEHUARRIC L > TG L T D b o LRSS,

Fig. 1 SEM image of the captured cell on the
antibodies- supported nanofibers

4. %

FEEONKREZREE T ZLDTELT ) 774 "—%
ERT 5 Z e C& e, HUREFF 77 A 3—2 k%
IEAHIRR ORI, R UHEFCIER L7 4 v 2D
bR ROGEVBHER S, T/ T 7 A N—=L W0 I FE}
TERED AR IS & U COBMER R Sz,

il

E 3

FERRF R WBH 1 FEBRO ZIEEIEEHW
7= LET, ABFZEIX. JSPS BHFE JP16K12919 DBhRk %
ZEbOTT,
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ERAF VE—LICEDZREAREZFAALEEAVYEVF
YR TE DR & REHEERIRA DA

FUHNEDOSL VR JIHEERE

1. [FL®IZ

AWFIEE, ERERE 2N TN aTREZREE A A B
L (FIB) IZFFB L, ZhzisH LoBissEm CH LA
OIERL - REERERIEIT~DOREEZ B E Lie, &4
YEY RLEIWMART 7 2AF v 25 2 LT, %
OINLHAMERLETE DV, RRTIEL, HfEwmS A vE
v RER— L RIJWZT 7 AF v A L. £0%h
BN THRT L7,

2. EEBAE

Bl1iE, fE LT EThD, TEIZIE, ROImm D
R—Ly RIVE W, 77 AF v OERLZIE, FIB
FRG EBMUERC 1B Tk VRV, 77 AF ¥ O,
HE, EyFid, 1.8 um, 32 nm, 3.8 um ThH
%o NTEBRZIL, BEHBTHIMITIHE (777 v 7 %)
# ROBONANO ¢-0iB) %MV iz, #HIbIE, 5%
THDHNIP & LT,

3. ERBERBLIUBER

X2 1%, NiP 24 TEEEE TN T Lz & & oulH|
JOFEEF KD TH DT 7 AF ¥ & Eild 25 2 LT,
BN Lz, WPholEdizs <, I ok
HKIL10% ThHoTz, 77 AFyOfERYc LY TH - 4%
HIB TR DR B L BIRI S LT 8B 2 5, A
— LTy KU K DI T CIIEIEEEE &3, 7
I AF XX DRNBELND Z LT,

X 3%, Y EAZESETNP ZENT.LZEED
BIEI N OB S FRLD) Th D, 5B BEROTNOEAT
b, T AF v RS 2 LTI Lis, 1%
DENELTDHZ LT, BT 5T 7 AF X OBl
R 27 7 AT ¢ O R E SEL LT,
TR T TIEIE Y AV SR A IS 2 DR BN E
KNDRERE T2,

4. BHYIZ
A TIET 7 AF ¥ /T HHHER L A vE MY
Ry RINVEAER L, ZORROEREEAFATFIE
IZOWTHRRT LT, ZOfER. LEFEERR, k0 &0
L LTBE bR EDE SN D Z L b o Tz,
AWFFEIL, JSPS BHEIFFE B AR B & AR SE (C) (i

1B P AR

Fig. 1 (a) SEM, and (b) CSI images of the textured
end mill used for experiments

50 T T T T T T T T T
= 40r T
g L d
g 30r
9 L 4
2 20t -
= | —O- Nontextured
5 —O— Textured
O 10} _

0

L | L 1 ! | L | L
0 10000 20000 30000 40000 50000
Spindle speed (rpm)
Fig. 2 Comparison of the cutting force of the

nontextured and textured end mill, plotted as a function
of spindle speed

50— 1 1

)
)

|

—O~ Nontextured
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Cutting force (mN
N
(@]
T
1

-
o
T T T
|

O||||I||||l||||||.|||.|||
0 0.5 1.0 1.5 2.0 2.5

Feed rate (um/tooth)

Fig. 3 Comparison of the cutting force of the
nontextured and textured end mills, plotted as a function
of feed rate

F7 17K06108) %3 TITHIVE Lz,

SE 3
1) N. Kawasegi et al., Prec. Eng., 47 (2017) 311
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BEEICHIT 5 MKIEREHMRO R RN SRR EERRIC L DEBHEEDTHEL

PERERBIIN AR Kok 5

1. [FL&HIZ

I TEIERED 90%LL E4 5D 5 B5ERT- R
JEIE, S AELFED 40% L FEFICTHRARTH D, Fiii
DFEEER ECiBEE OB X o TRl < ldeE
MHLIND DD, e ROFEITHETHNC I 1T L ilREis
Bl v | B OREE A F A I FE SN =i
7MW - IBIRIEOBRRENEE L 2o TV D, IR
BRIV TIE, 3 B E T 2 i 23 = B e
BRI ZA S LEZ BN TWD, ik, FR-fHEEs
2 (BMT), NRERIE, MiRIEER, ARAOEEs COEKR &M
HE- BRI (MET) . SR C ORISR O FE A%
HZ LIk R AT S (M 1), ka2
DX D RS T v AR THAEFTE DOIL, Frk
AINEE SO E MRS 2 2 TV D LB X BN TVD A,
FOBFITIT L A EHEA TR0,

7 2 AR TITAERIC BT, BRI
D30 D HEE IR OO NS S e [RTR A 2 AT L. B77= 72
FECPEIRIIE 2 R 92 Ll X 0 AR 7 ek
OB Z BT, F7omeiia ik -l R E BRI
T (CTC) OERNAAET 5D T, CTC DHfH - fif
Hrieffiz B cx iU, B A7 ) —=0 77 8lIck
DT —T—AA RIRIRIEATREL 72 5

2.CTC Bt - f#4T

ABFFEIINT, B LR e bR £ o 2 —I%
CTC Hf - SATIZ DWW TR %, —i%IZ, CTC I
FRIR R 3 6O TR\ 2 SO AR T HBEDS 5 5 T RIS
HoHN, B X —TIX10FE#E 25 CTC flift v A
T LBRFEOFER, BEEEMEORmW AT L R~
—CTC F v VAT LEBHB LTINS, SHITRV A
T M L0 EIERE A AT e 4 O TR K < e A

£ une

L]
-
)

‘#‘5®a TEIEIS
KSR MBS
L&sa‘..:‘!"’g:‘ EMT / MET

EESN

|
7272 \\_‘_‘_—/ j
%;gu\?/mr B, -~ 7 o= //
& 7/—;7&\\ -
N\ /7
BRER ) vs (AR ’;<§j€/>

Fig. 1 EnfsTZREIE & FEEHRR - SRyEiife

RN

BRSO &

FHECTE 5 Z & & 9L5E L TV 5H(Ohnaga, T. et al. Sci
Rep. 8, 12005 (2018), Ohnaga, T. et al. Mol Clin Oncol. 4,
599 (2016)),

Z ZCABRITIE, AV ~—CTC F v 7Tt L7z
HfE 2% OBE T 72 SIS L 91T 57200
IR DU TR L 7z, # Tl CTC - o)
SEFEDMIZET 5 2 L2 EEL, L
ToEM A B LT,

3.CTC Fv 7h b (#EfamEIR

RY~—CTC F v 7 DX 5727 /34 A B AR T
DFEZONTIE, Flix DREDRINTWVDNR, 22
TlE~A7a~v=ta b —F MY fHFl-~v 7t
Ry NEEELTEMT 2 HEERA Tz, DI T v
DFRA N EIZIHE S 7o BEiiie (KYSE220) 12+
A7 ne Xy MaegEiSE, WOl LG 1 8z ey
M L 72 (X2 B), RICEy b ARG 2
RlcBE S EEAstH L (K2 F), 2ok TFy
T B OMIRBIEINI I ATRE 2 Z E RNy, A% LY
FREEZEmDDL LGB EED D, FioBU LIV T
LV DE(E TRNTIZOWT b BIERE 2 D T 5,

BT AUPRISREFE GRENFZEB) : 18H02878) i)
a2 FTebDOTHD,

Fig.2 CTC Fy7ThbDi 2% )Lt)LEIR
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RRE CTC Fv Ta#H-IZHW=KiaiE CTC ONAT—H—FF

FERERM TR Rk 52

1. [FCBIC

UTHE, PEIIIIE R ORI L 0 | EERESAD
R A AFAET AR (circulating tumor cell ; CTC)
PERSNTEY, WREIRS TR TN, F~—h
—L LTHIATE S LOHREBERLOoH D, Linl
—J7 T, CTC Dfifit + HBERATBAT IARTZHIFEB
FoTEY, CTC XK THEHTE HETITITE>TH
RV, ZHETICEEROIX ~A 7 vtk v 7 ik
F ORI LEANT 2 A L CHBL CHAMZ2 CTC Hifd
THNA A R w—CTC T 7 ZHFIEL TWD, A
TIEATF v T HAEH LT K C ORI %217 > Tk
V. ARl CTC & BEAFONES~ — 7 — & Ll L= T
EHT 5,

2. BRREET DA E

FEH LR LAY ~—CTC v 7 VAT AT,
PUEpCAM HURZHE AL, & S A bERIR L 7= 40
P27 1 mL &3 L C CTC fhiteitba a2 3256 L7-, 4§
2 U7t ye s L, DAPI(+), cytokeratin(+),

NER R PR FERHLE M B —

CD45(-) &~ #ilfldz CTC & L7, AEEBRGHIRW
T, NERE RIS OARES T, AR EER
TEBHEESEHZ IV TIRATIC (UICC) Stage 1T - IV
LW SN RIBIR OB T RIGEIERI O BE S A (R
I Z) NoERBLI-KELE 7 ve L, iz
[ U & A BRI U= &t o 7 o, R
FMeES~— 5 —Cd 5 CEA B L TNCA19-9 & HIE
L7,

3. KIGEIZHEIT5 CTC LEFEEY—h—
FRCEEARIA D CTC 3 L ONCEA, CA19-9 (2R3 55T
MiRER AR LR, £, Ny F 7 TORULEHET
X, EDEHEE (criteria /) @A BETHo7-Z &
Zond, NUEDHEREZELDDHELTDLSIZ725,
- Stage IV TlX CEA & CTC DR ERILF%
- Stage II, Il TiE, CTC (Z2FKH S TW255, CEA
DSFEYEE 288 2 T IEBI 6 5P 3 41 (50%)
- CTC 1% 14 flH 13 FITHI STV eDIzef LT
CA19-9 [FTHHMEE A 2 TV = DIX 14 il 3 Bl A
YL EORETN D, BT

Table | #REIRRE LI-BHE S ADFHH n
DIEg~—7— & bl L
. . . Histologic INM ! .
Patient No Age Sex Site Features classilication Stage T E‘ ,ﬁi;q &: I%aj ‘Iﬁz %_’ 7N ‘d‘
1 76 M Rb tub2 T3NOMO A "
Zhi NI
2 74 M A tubl T3NOMO A CTCE, &9 A% ) Cﬁﬁi%
3 77 ¥ D b2 142 NOMO us ~—h— L 72 A R[EEMEN
4 77 M S tubl Tdb NOMO nc .
N 7 -
5 66 T C tub2 T3N1b MO mB Stage 11 TR E Tz,
6 59 M Rb tub2 T3 N2b MO mc St v
7 X ; age
7 7 M A b2 T3INOMla (HI) IVA et e \
8 74 M RS tubl T3N2b Mla (I.YM) IVA BEE - AFSTIIRT ;%
9 70 M RS b2 T3NIb Mla (12) IVA ( g ﬁg_ ﬁi % (C)
10 62 M RS b2 T3NIb Mla (PULI) IVA N
11 67 M S bl T4b N2a Mla (LYM) VA 16K08974) DIk =zt F
12 71 M Ra por T3NlaMla (HI) VA -HDTH 5D,
13 77 F A tub2 T4aN2a Mla (H2) IVA
14 61 F A b2 T3N2b MIb (HIPULI)  IVB
Table Il CTC &1 CEA, CA19-9 MBITEZE 1505 M4t
Stage I m I\ positive rate (%)
criteria *
Patient No 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14 IT, 11l v
CTC \ N 1 100 88
CEA 5 50 88
CA19-9 37 17 25

* Units : CTC (cells/ml). CEA (ng/ml). CA19-9 (U/ml)
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HB—RT LR ZAVN-SLREMBOSEE TR DR

PERERAIN AR e

ﬁ

H B HAE DlE a3 1T DI O B Lok
WSRO/ N b7 EOTRBE L 725 H, A T UM
KT IN =T LGS E O R O A A T
Wb, LU, FIRSEROET e @ bR AR CIE, @l
HRREEDT= 6D, 7L ANMNTAZIT, FERITRE Aenialg
DET, BIRDNEILT 5 Z ENMBN TN D, EERE
MEIOREZ R ESE T HEE LT, KAy A
VIIMTRAT A R FREACHREFT D10 s g %
FIA LA ERRE SN TV E M, IR
SMNE 25TV,

Z T, AMETIE, =RV RAERIH Lz E iR
EMEL D ATV 2 TNy 7 AR S B T2 D O EfE
L ARIEHAR OB Z BIE L. BIBPEOSEIZMIT T,
TV AE—V 3 RGBSR - BT LT

T
37
|:|

2. ERAE

PR BHE, 7 v =7 A58 A1050-0 B LD
A5083-0, A7075-T6 TH V. FIIRIREMN L2 2 3 FEEHD
Wbtz iz, 7k, BEEAEtoEIE, &S 200mm,
% 80mm, HJE Imm & L7z,

A T4 ROBNEEEERIET 2 Z LD TE o —R7
L AR HIF200-2 12 V BEIPIN T4 A &> MiELT, 7L
AMTEFT STz, ATA RE— 3 NS KDL R
TLOIT, 7T FREARFE RO Lo 3 A
DE—varEwflLic, 77y 78—y arTid A
—R—F 4 & 100%0°5 40%Z L IR F&®72, TAE
RORFFE—Y 3 Ol PAERICERIT DIRFHRER A 0, 5,
0L Lz, £z, IO LE—T 9 2 Tld, FESNL
EAEEF LY 0.1, 03mm K<FEEL, ROMLESE L
THWE, 7o, TIHARFFBIORDHLE—2 3 v
BT 54— =T 4 Rid60%& LT,

3. ERBERBSIUBER
—flE LT 7T 7= a OMIPITIZENT,
BAELIZAT Y 78y 7 BOWERERZX 1R T,
X 1R T LD, AT075 TIiE, WO TE&EETE
ﬂi%k%fcﬁX7)/7ﬂ/7£7§>ﬁﬁu IZH, AT A Rl
R ERF Do T, /ML RaHmnH o7z,
PN TEOMEINOOT BORICB KIET AT AR

E—Ta rOBMRERE L, —HlE LT, VT E
— g LRI LE— 3 T L2 AT075 ORkE
Wi IPF ~ v 7 & KAM ~ v 71 X AT R 21X 2
WRT, BEFTANCIWT, BE(Z A A, HosiEse
5N TR S FRNOF 3 FEHTCTHOHT Lz, KAM Ofif

WifEREZRD &, WIS CcHLER & FECIE, b
B OOT BN BILD D, HRERITIOT A ITFA
CEIE SN o7,
18
{ 01070 ©5083 A 7075
S 16 A|
§g4- A
o 12
gu)-
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2y o Q
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BEIER/ N YA JIIVEEIZHE L= — R T LR ZEALV-
SR SR EEMBES RO

PRRESEMIINTER (LIRSt APl (e

1. [FL&IZ

FxlxohnEzTlz, TAI=ULEEL~TI RV U LS
0D PR R R B A B B BT (BB YBMEEY A 1 D HIAK
PR B LT, ZAUTHMISHT % 2 v, 7
L AT AN~ U o 757200 CTRL . E7AfER
DEATEHEM b RE L 10D, AEFEMEDRENZ &2 BB
LUV ORI S, TVl - B st e H B
T A ANTxHG LTeT- B S 2 E B b I T x 5
(AR M),

AFFFETIE, BEATOWERAE & 2 i B 2 G-
2 DRBERR Uiz, FRCARCIL. BMEEGIZRWT,
ISR E Tl IREE WAR DA N H 2 & &,

2. ERAERUVEER

T2 A2024 JON AZ80 OFFHRE, F 7= Hfik & fliT &
VIERERT E L, 2,000 kN % AC Y—R 7L AkAE VT,
TFEEHIEN X 0 SEBEIN T AT o 70, & 2 CHRRM (fgLt)
127, TENEEIX 653K, E7AMNTHES)% 200 MPa & Zi
FIEIC L, BEA RO [HRIR S 1T KIT T 52
ERE LT, S 612, WIE— RS R C X BEAH
D SN H1—7 %045, EPMA 52 K 2 FUmo ey sy
Hr. WSO BIERERE R) ARG 7 v & 2 OHR
BT DU NTER L=,

Fig. 112, M 1 mm &, FFELRFRRTE 1 B0 & L, A8
A OIS 2 2 2 T2 B D5 [IER S 27~ d,
& EHIZTOBENBENNT B Z EBD (2 2 TRES
A S A LT 5), — . KERTEZ b oichE
PEMED NS (PRI 0.3 mm &, SRS TANIEE, fifE
PRRFRE 0.1 B 5B &5°%) ThoTHEM A LRIFEE
DBRBI G HIND Z LB otz, FEOIEFSHT O
FESR. SoIF B CIIHREI NN Z & CHIMERENED 0 &
TV, BHRIEREEG L 7o QD 2 L B ES LT,

KIZ, ZHBHEMEAB O SN I—7% Fig 2 lORT, 4
7ekEhzE L L, K BIIS RS BSIE A LR
THHZHELLT, @A 7 T2 HIE EZ DR TR
DIFERINAR T2 Z & AVanoTe, BRENTORERD G
M B CIEHFRMIC UV A—F =D 7 LEIRIZAELL,
WA CEBEEEY IMC) 2 AR L CTnD Z L D3R TT
T, TRV ZORETEEZEOERIL, IMC &R L
TR D &, T ELUERRERE dadN &) EREREGH

1B AEFAREER, 2 B (A E LR A PE SRR

HLOI VIR F—  EHIEE

AK DGR W0 % Paris Al Na BEFEDOIEHINEIZ K
HH0EBRTED (A 7 VT e b BIRAK llE L =
FUCHRHRE~DFBFENK) . WITFREE CEX TR,
A RECHBMOY 7 U EZZHUCHE D IMC 2R ST
T2 B72RN T LDV D,

160 T 1 A2024-Ti(t0.3 or t1.0)-AZ80
Preheat : 653 K

© 150 | Pressure : 200 MPa i
[a
- T T
=
& 140 - B
< 1 1
2q30f __ L 1
o - - B
B A
o 120 T
‘®
o Ti : t1 mm Ti  :t0.3mm
— 110} Holding time : 1's Holding time:0.1 s

N . |

unpolished unpolished  polished unpolished

(only Ti sheet with SiC #1000
polished with  (Al, Mg billet,
SiC #1000) Ti sheet)
Fig. 1 Tensile strength for various surface treatments
of the bonding surface

A2024-Ti(t0.3 mm or t1 mm) -AZ80
60 . Surface: Polished or Unpolished =

Preheat: 653 K, Pressure: 200 MPa
© Pressure holding time: 0.1 sor1s
Q50+ N ) @ Polished, t1 mm, 1's &
% 0.0 O Unpo-lished, t0.3mm, 0.1s
& ° AN - [
g40r e Te- 1
k] \ T~
= \ ~.d A
3 © o -
g 30 | @ -
@ I |Cyclic-tension: Q\
90l [R=030Hz N O8 1
N o - B

O Tee-l Q-
Cad
1 1 1 1

10
1E+03  1E+04  1E+05 1E+06  1E+07  1E+08
Number of cycles to failure, N;

Fig. 2 S-N curves of the dissimilar joint materials

SE 3
1) H. Yamagishi et al: Metall. Mater: Trans. A, 49(2018)
4659-68.
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F—IVBHEIE L=~ 4« U Otk 7 v T DR & &R

FERESAMIINTAR oK &2

1. [FC&HIZ
INETIZERELPERAFICHB L &~ 1 o1
FART 72O T, A — Ui bR & Il i~
DIERZ K 5 1= DIZOFERERG 2 1T> TN D, KF T
(3B OEITE LTI RMEANIC L0 | fkx Z2pRESr 750
BEREMEAR Y ~— 2 RMEATH Z &N TE, RHRH
WS CE D, AW TIX I E Tl o8
WADORAEZRM L, A4 7 u~ b TT77 4 —HD5y
Bt - Wi 7 L E LCORRERZ > CE e, ZRET
OWEND, FyFREICT T F LR ZI
(TEPA) 2EETE, Cu A A2, Ni A A a2zl
WATBETH H Z L ZA BN LT D, & 2 TAREEIL,
ZD X D7 TEPA [EET v 7 DEJEA A AR BT
fli L7=DTiET 5,

2. REBRAE

21 FHEY AT LOWHEE

Cu(I) DA B2 7T 2 7212, X 1IR3
VAT LERERE LT, A—NVTTAF s B Y
(BFESOmL) 23V VRCFITEY BL, 200

B IR T a4 B

7o, BE=— USRI L TS50 °C T20 h k& Lz, &
D, VIR TRBNOTF v TEROV L, A% —),
HK CHERGES L TR —BikE Lz, BRF v
ZEROH L, Mk, AX LTS LTS,
2.3 Cu(llf#tR A= ETE

FERERD TR F (FW 249.69) 1.25 g ik 50 mL 12
B L, 0.1 mol/L Cu(I)i&k & Jifd Uiz, Zha ik Cy
L. 5 mmol/L Cu(I)isitkz i L7z, TEPA FEE(LTF »~
Ttk % 005 mL/min T L CHE L, KWT 5
mmol/L Cu(IIV&#Z% 20 min 8% L Cu(Il)Z e L7=, 8
R DWIRITE TR LTz, £0%, FFUMIK%E 60 min
MR L. 20 min FHC@IEE ORI 2 CTERR L 72, #i
T 1 mol/L A% 60 min K L. 20 min fEl % OF
TR L7, FefhIohik 2 60 min @R L, [FIERIC
20 min IR OTRIRZ TR LT-, ZO—#k
VEZFTC 2 BiTo 7o, MO0, ROFHT 7
Z FWFRRIZ @R, BREAT 572, BRELL72VAIRIE S mL

Cu(ll) solution HNO;

W57V 78 CTF w70 Cu(IDVAIR, K, 1 mol/L A 4-way valve
Wi % N Z B LT, Drain - f Chip
22 73 /1tF v FOH —
TEPA - 2-7' 03 ) — VR %7V F 2 —7 (GL ¥ H.0
~ : )—L N o C,il,\‘ja IR . = . _
AT R) AT, KRBT~ 7 2 M aRHE S EER L Fig.1 CuA A iBREBiFEs 2T A
Table | TEPA BEEF v T DA 4 iEteiER
Time (min) Operation Cu(l) (ug)
1 2
0- 20 Flow of Cu(ll) solution 168 209
20- 40 Washing with H,O 47 42
40- 60 1.1 0.8
60- 80 0.5 0.4
80 - 100 Flow of 1 mol/L HNOg 62 50
100 - 120 9.9 13
120 - 140 04 0.5
140 - 160 Washing with H,O 0.8 0.5
160 - 180 0.3 0.4
180 - 200 0.3 0.3

Initial amount of Cu(ll) calculated, 301 ug.
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Table Il RUWEF v TOERA A AHRIER
Time (min) Operation Cu(ll) (ug)
1 2
0- 20 Flow of Cu(ll) solution 214 274
20- 40 Washing with H,O 48 36
40- 60 0.3 0.4
60- 80 0.2 0.3
80 -100 Flow of 1 mol/L HNO3 6.6 8.2
100 - 120 0.3 0.3
120 - 140 04 0.3
140 - 160 Washing with H,O 0.4 0.3
160 - 180 0.3 0.3
180 - 200 0.3 0.3

Initial amount of Cu(ll) calculated, 303 ug.

AR L, A 7 a7 7 X< F 356 002 T Cu
AERE L,

3. BRLER

TEPA [EE(LT 7" C Cu(IHEZ &% 3 L 7R R
RKIUTE LD, Cul)IEED 20 43 OEEEIL 1 mL
T, ZOWERPIZIE Cu(Il) 301 pg NEFEN TN, £
LDEEY . Cu)EigomiEiz DR (0-20min) 725
TR OB DEHE (20 - 80 min) (ZF FiLD
Cu(IhDEFHE, 1[EIH 216.6 pg. 2 EH 2522 pg TH
ST, LTEN->TZOF v 7I2id 1 [FIH 84.4 pg, 2 1A
H 48.8 ug @ Cu(ID e SN7=Z &7 s (Cu(IhD
I, Fy 7 OWRBNE S RE 722 & THIER S
A7) o 1 mol/L AHERIIEE DK (80 - 140 min) 72 5
TR DMKIE % OFHE (140 - 200 min) (25 F 4L
% Cu(DOAFHE, 1EIH 73.7 pg, 2[B1H 64.7 ug & 72
V. R (HEEICHT 2 HEOEIS) 1TEnE
AL 87.3%, 132% & 720 ERN R G, 2 BIOEF):
SVVBIRERE L LT 2 A, 104%L o7z, Zh

F—U—R: =AM nifilkF 7 AFIu~x TT77 10—,

v 1 FE IS CuD—EE, msHEn
(ZFE D 2 [ BICERH L2 aTREMER B 2 b,
WIZ[ABR DI 2 RUELT > T IZONT TRV, £
DFEREE N ICE LD, EFFICEET L
Cu(IfE &, 1181 H 40.5 pg . 2[F1E-7.7 pg L 72> 72,
HRALFRT 7 ClE Cu()iXIFE & A EHiE S aunidd
720T 1 Bl H OFEROJFIRITRITEN, EEREHI R
DEIAITBER SN -7-2 L. HERIC K D Cudl)
WD ol Z e 2B Z2 D L, WET T —DWRE
PEDSEV Y,

4. HEHYIZ

KT T OF T2 B O —BR L LT, FilsEm
\Z TEPA Z [EE(L LocsR s & L CoOMREZ 7 L
7=l 2 AL 70 ug FEE D Cu(l) Z it 5HE 124 L.
Cu(I)D &Yy & L CORIBEMEAVR S vz, FEED
RO IS D L. 72 ENSHOBGETH V| A
T T OB MEEED U TR AR R A4 A-STEP
72 E OIS E B L7220 DG 2kl 3 5,

77 A, BRI

Application of Polymer Microfluidic Chips to Ion Enrichment

Material Technology Section; Takashi OHNAGA  University of Toyama; Shigehiro KAGAYA

Polymer microfluidic chips we had developed so far were applied to ion enrichment. Tetracthylenepentamine (TEPA) was

covalently bonded to the surface of the chip channel and aqueous solution containing Cu ion was sent through the channel.

Then, nitric acid was sent to release the ion captured with TEPA and 70 pug of Cu was confirmed to be successfully captured

for the single microfluidic chip. Therefore, this chip was shown to be useful for metal ion enrichment.
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LILO—RF/ T7A4NN—DEEDEEILIZL S
SHEEETE S L DEF

Uit - BEREBIER SAPE B MR
1. #&

tr—RF ) 77 A /8—CNF (&, BREEIZE Lkt
ROMELE LTE LTER ST 5, ZORRERIL, 7
JVIRIZ 72 0 BB 2Bl 2R3 2 Lo S bk e &
xR~ OISR ST D, LonLedin,
CNF ([ZI3JFRRCERUGIEDE T &> T < OFEREN
b, ENODOFRIZE 3o TUTW e oTz, £2
TAMIETIL, BRI/ SIV T IR ERJRENE L, Bk
WIRRETED 774 A — L mEY = > NIV Thix 72
KONV O —RTF ) T 7 AN—%EL, ThbD~
7 otk LR PO LA u O — ORI A ST L
7o USINA & U CIRIREE CLEE 2R i itRe 7L 2 BA%E Lz,

2. EEBAE

BMEY Y N INVLEIIHRASHA X ) v #
HIP-25001 %\, 7T A o X —LER 3= pe s
L MKCAG6-2) 2 L7z, UEkE LT, Boktre
— 2RV TF R W, LA e D— ORI,
Anton Paar #:8 MCR302, 7/ 7 4—7 A X CT |2 &
HREEMITICIE., T =Y vy N UK St
SKYSCAN 1272 Zff L7z,

3. ERBERBSIUBER

31 7 T4 A —LEEY =y FINEIZ XD CNF
PVTRBFEAXAKIETRNE L, 794 X —%
WC CNF Z2E#l L7z, U7/ CNF BMERICTE, ik
[R5 2 L TE T, AMOEIZ L > TR L
% CNF DS E2 ) Bl Bnz o0 £ 5702 &
Boyinotz, Fo, BAEEY = v N IVILELCIE,
LB L L7 CNF L TEARedo oy EEOSE
(2 & 0 IR RE S TRIEEOIZ B3 Y | B DEV CNF
VRS2 2 LN TE T,

3.2 iR

{ERLL 72 ONF 13, BB OR 2 VT 7 1
IEDORE S &, CONF BEEAROIIEHM 21T~ 72, X1
(o, REWREEEEOR T, B — 2Rz
& LTIEHAIE, Mg s, £ b CNF
TEP> TV DLRENBIEE SN, ) AVDRRIZEY
ZOBHULRIF 23 L DMl Ao TWL Z &35 Tz,

B O FUAALLOSE DI B L AeEE

T

TUANLEOS VR JIE B

ZORER, KEEIIEHI< B Uiz, VT RS LT
5 A o H—RERTIL, VT EREER I S, FDSE
AR ERAE S OB L B — AR STV,

F7-. SEM Bl TiL, £t 5 100nm BEO T 7 A
NI DB SN2 Z D BRI O
CNF [ Z, ¥ 6500 pm OEHERIEIC 2> T D 2 &
WFIo Tz,

I, OREEE 3 IRTTHICFHIlC & D &Rt Lz,
VESL L 72 CNF % X # CT (2 THOMT LT, F DfE %X 2
R T, @IZSVTETTA LB LT AER, (b)
X, BEDT-HH A AR Celish DFEFRERLTH
5o @QITRTERIC, 774 v A=l EmEY = > b2
N Z 1 EITHAT I & BIFELNRD o7, K1 O
(a) £ (D)DK RZFEFE L7z CNF B[R URE RIS 225 72,
—H B um OO 7 a7 4 7 ALEHETEH % Celish
TIX DR 2 E# L LI EEGE s T& T,
ZOZEIE XBCT IR 8% 1 BV BLNOBE~EL
L TEHBREZMD A TWD DT, VRS T b IHED g
NDGAIIE, BT RANOEEN TR, BIEELN
RN EERLTWS, CT ik, e EE LT
WEBIZIR BN E BT,

100 ym  =—

-
e

7
g

(@) Normal (b) New (c) Grinder (pulp) (d) Celish
Fig. 1 Typical OM images of various CNF of cellulose

powders and pulp treated by jet milling or grinder

(@) CNF treated by milling (b) Celish
Fig. 2 MIP images of cellulose powder and pulp treated
by grinder and Celish cellulose using X ray CT

33 LA A—H|Z LB 7 VORI
LA A =2 2T, ONF 7V ORGSR 2
T BREERUTEEIC BT DS 21T > T,
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108 gy g S ———
108L | 50 Cc=05% 3 E dp=1pm 2 Cc = 0.5%
Ew E £ 5 1
£ =2 102
1075 i & dp=2pum 1
—~ 106 [ N 3 —
. 10 / 20 ER- Rl
a 105 3 5
E 200\ 100 E
] 0
=104 5: 10
103F ]
500~5000 3 10-1
102L 4
1 £ FRTETT BRI M WRTITT EERTETT EERETn

0 d 102 E bt vt vt v b
10-3 10-2 10-1 100 101 102 103 10-3 102 101 100 10! 102 103
dy/dt (1/s) ¥ (%)

(b) Storage moduli G’
Fig. 3 Rheological properties of C10 depended on shear

(a) Viscosity n

rate dy/dt and strain y

106
1000 10000 1 10 100
dp (um)

1 10 100
dp (um)

1000 10000

(a) Normal nozzle (b) New nozzle
Fig. 4 Plate distance dr dependence of storage moduli G’

of various CNF

IR ELE—RE 10 EEEY =y b I VAL
LkﬁwCW®ﬁEnkﬁ@#ﬁ¢G’Hﬂ‘yi‘ﬁ
dy/dt |3 AWHEE 2R LT\ 5, ARFZETIE, EBHERD
WIEFHM D702, 7' L— MR dp /X7 A—% L LT
WEEIT -T2, g ld, dy/dt PREL 72D LR T,
DI T D BEBIETAR ORI R LTC, dp &
200um LA FICT 2 &, p 1IZBAICKE < e A &2 r
L7z, Z O Cld g O dy/dt 1263 228 bl Lz,
F72. G b dp 23 200pum L FTIRAIZKE <720 | 50um
PUFCRBIcm LT, n & GHREL LD dp OfEIE
7 L— M EEREHE I CES L %@W$_ﬁbkht

X—U—R:®vlu—R F ) T7A—,

RIETHDOT, Th b OIEITARMREOBI A2 & T ekE
HEAROPEREE 2 I L TS 2 822D, —H. do
1000pm LA EOfEIL, EEEKFE LORE 27735 O T,
— ) BARLREEE R CIIE SN AEIC R > TV D B X D
. ZFOMEITFICEEAERRE O AT S & O EE R
LTWbEEZHND,

412, (a)C10 & (b)dk B L7=%5(E TR Ul Ui
TND G D dp iR Z R, TERIETIE, e AV hEL< 7
DIEE, GBREL Y | ORI 732 > T
WHZEERLTWD, —J, / ANVOHE LIz b DiX
dp 3 10pm LR D G2vhE< 720 10um L E TG Ak
LTV, Ziud, BIROMHIME S CNF ~Ofigfkns i
HEDRHEERNPRE S 25 2 & T, 2R E LCHiE 7o
HIE~EL L2 Z AR LTV D,

PEDZ EMD, CONF 7 U375 E um OFE B A
EhEHH, THHM, BWIZENRD Z L TRE KL%
R, EOMEEICE AW DD & BREIRD
—EREI, IO BSFAE L, ZTORER, FENSIL
b D =T == )) BrlkdRT e EZ LN
Do AMFETIZ. ZOKTFENATTHADZLHTE
Too Fiz, (EREERET 52 L C, BRMIC SR
DINEAERA D Z LN TE T,

4. 55

FERAOIZ AR S 7= CNF 7 Uid, ONF 7572 518H
N D, KRERREE ZORRN ey =T —v =y
TR R R Lo T, T O BREEIINERDE
B E AW BORIE L 1382 0 | 7R K ORI
< ABBESLSCEEL 2 Rk 2 2Rt OMRINAI & LTl L C
WOIBIETH Y | Z OFERZTE LIS SN D,
Fo. TNAOREE BT DI RIS 007 g

VMIERIERE &2 9 DALBE G TH - 77,

Wkifb, MEY vy b, TIA U H—

Preparation of High Performance CNF Gel by Advanced Jet Milling Process

Product and Function Evaluation Section; Satoshi IWATSUBO"! and Hiroyuki TAMBO"! and Noritaka KAWASEGI™

Gels of cellulose nanofibers CNFs were prepared by various mechanical processes, such as grinder and high pressure
wet-type jet mill. The nozzle of the jet milling was improved. The gels with twice values of the viscosity were prepared. The
structure of CNFs in the gels was analyzed by X ray CT and rheometer. The plate distance of the rheometer strongly related the
macro structure of CNF agglutination. The dependence of the plate distance shows the mechanical properties of the

agglutination bodies and the combination states of the network. It was shown that the unique shear shinning properties of the

gels were owing to the structure. The gels with the structure were suitable for additive of cosmetics and paints.

LR R ZE R 2 — 75t No.33 (2019)

15



16

Y7740y 0TI12&bEILA—RF /) T7A1\—¢&
BIEDESIL

bOOL VIHEANER KEF P <FH

1. &

tra—2F 77 A= (CNF) 1E, EE 1~100nm F2
BET, R S pm FUEORIEHERWE TH Y | Brm—2R
TR LTS5 Z LA HBRD, ZOCNFIL, #ife L
CragREE - EER - SRR DN T 2R 2
LMD, CNF OB & EAULOD 72O DL #4203 TodLC
W5,

AHWFFETIX, CNF ORI R0 L, #illg L E AL
THLZ LIkt E T EEE DT 07— L LTOH
BWIZOWTHRET L2, ZHVE T, ONF LR O mFHE

(Bl - BUKYE) DEE DD IlE O SEREIMES <. CNF
DR < HEE U oy BiE s N L SEE L 2p o TV, F
ZC, HEA{ETHET CNF O/KREL & SO F 723 BRI %
L Z U A N % ONF OF R 2 250 &t CRisd A fif
BBz L EHRILEZ, 22Tl ONF &R 7rE LY

(PP) LT DERCHNIIFIZINZ ., ZDOBEORFIN T
P LA OPIE DUV TRRET LT,

2. EEAE
21 % #

CNF [ H[EHZ5310 % & 72 5 Fill L7 TERRA S H O &
K CNF ZHu /e, PPITIE (ST T A LR Y ~—HL
H700)% FHV =, REFEEERRG U7 AB LA D EFRAED &
ST K~ LA VEEVERY 7L (MAPP) & LCHEL
e S U ARESHRLY A K MG-441P 2t L7-, 4la]
BT HIIAIE LT, AED T4 R Y ~—2 Fll, B>
IS = L A FPAI00IL (A) BL Oz Ik
Sl =+ % FPAIOOL (B) . SEiEMEARaRY
—HRAESHER I A T R a—RL— g VR )
K~ LA Uialt-1-4 2 27 (C) . 7 AU LAUPVA (D)
ORRFEEAT> T,

22 &1

tm—RREGAMIEEE St a7 R
7 77 7 uv— MF URGHHEE MF-1001R) (220
BEEAT T, TOREEIL, mdifEZe i - PR L0 |
23 T AROKSF 2RI U CHEEN TR - mEAER
ZAEVTZL, M A~ ARGy O L LRIIRIC R 58
fitkom EERH 0 ILABIE A A b T2 b O TH D, TR

1L AT TR

TN B

Tl PP 2% LT EAY D O ONF BEAEIA DY 5% (wiw) |
FAAEAID 3% (wiw)  TRIIAIDS 1% (wiw) 12725 XK 91T
BEMEIEERL LT,
2.3 YEETHE

TERL U 7PN, /NS ROERE (RS RE T3Ems
L NPXT-1F) (280, BB 2 HHATE L, /IVRlGRET
B (MRS S RY T EZ-LX) ColsBRatT
RS (USRI T v LBl %
HIE LT, BEAMEIND CNF 045 ERIEOFHMICIE, &5
fi#RET A7 b v 7RI X # CT (BRUKER £, SKYSCAN
1272) %Az, EEMEND PP OFESRIREEOEMI L, 5
Bnb 7 a b—2a (27 v—2a8 HM-355S, #A vE
KA 7F47) 12XV 10um THEAZYID HL, St
SESEE (T4 HHEDM-6000) |2 &V RIEIEREIT o7,

3 FEMER B L UBE

VERL U 7o h kb KO IO & B CBlE T2 &
CNF OEEMI R B, CNF 2851635 SRl g
WZEB L, SHITHIFI A, B, D A 7256123E 0
BEPEATZ, iU, TIFIOMED YK 200°C DAL
TREZE ST RN dBS L Z R L b D B2
bz, —J7 C Tk, S TficE kL fenotz, 20
ZEb, CILCONF SIS OMEMERRSH Y, EELH
(ZFAET D SR 7 AWTFCHEEARIN T 5 b O L HEE S
i,

7% 1 IZ PP L UVPP IZ CNF, MAPP, IRINFIZINZ 744
BrOWE% 7~ Uiz, PP OFEMEERITHI 1700MPa T 5 DIZ%T
L. CNF, MAPP, I INZ 25 L& TE< oz, &5
(ZHSIE C 2022 £ 2100MPa & 720 | 20%D1] %7K
U7co GIRGREE, MFrmZehr, o v /L B —mEfEiL, g
FVDRRELD PP & [FAIEENZENLL T &7 o Ty, T C 23tk
W BT 2 R LT, v VE—EEREOK NI, BE
WiiNEAT D LD LB 2 D,

BEMEHRD CNF O5yEcikiE GEEMOSB) % X i
CT (2 & =WRIThNCRH L 7=, B 1 IZEIIEI D OBE 0k
AR LT, K CTHL 7o TV ARSI CNF ORER) T
o5, ZORERERZIT, B TE 549 Sum L EOEKA
UPRRARFOBEEN O 3 AT 2 3RO T, BEE)I S Sum 7> 5 90um
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EHI T0% L 720 | SR TREDN 10.6um Tho7-, D
TEVZIRIEZ AdL72\ Y PPICNF/MAPP (D58 &R & 70580
RSN -T2, ZDZ EDE, DI CNF OS2
%52 72 b DD CNF OFUH D& MEA 50 5 FTREMED S
bz,

IRICBIZR VGBI 2 L~ L3R T e HH A
DN TERERS3D PP OfGAIRHEABIEE U=, [ 2 (il C
DGEDRRE R LTz, KPR THL 2o T DAY CNF
DEHEY) T, BIERFOBIIRITENC L 0 BEEMDS R 8o
TS Z bbb, EEEMORIZEAEDS 20um 725 30um
@ PP DERAEDRD TV DERFDMBIEL STz, Z OWRREITHS
EE AdU72V s PPICNF/MAPP [ZBWChIRREE 7257,
—FRANZINTFDS PP A ET D5, € DftmitE ) 28
642 Z &5 AlRIDOSAETITIRNMFILPP 1 & Y PP/ICNF
SR CNF BEEMTIAHAET D b D EE 2 bz,

4. $55

PP/ICNF DG BHZ W TR R A Mt LT &
Z AREEHHFRO 2R U ~— ORI RO m iz
IR D b D LHEE S, LN LR D, IR E
72 CNF OBEEIL, BEEOIR T AR L2 &0 0, ¥
P A) B S HD 720 CNF O E i ES 5 2 & RnE
Th b,

Table 1 Properties of samples

Tensile Tensile Displacement | Charpy impact
Sample Modulus strength at break touthness
(MPa) (MPa) (mm) (kJ/m2)
PP 1720 321 - 220
PP/CNF 1891 308 52 190
PP/CNF/MAPP 1876 304 52 1.70
PP/CNF/MAPP/A 1806 301 6.8 1.80
PP/CNF/MAPP/B 1850 3o 69 190
PP/CNF/MAPP/C 2099 321 96 190
PP/CNF/MAPP/D 1718 307 80 1.80
F—U—F:

Fig. 2 Morphology of CNF in PP/CNF/MAPP/D

TAn =T ) T A= R TrE Ly wn—ARE EMEIAEE, FHEOE. R

Compounding of Cellulose Nanofiber and Resin by Reactive Processing

Core Manufacturing Technology Section; Wataru MIZUNO, Dohiko TERADA, Yuki KAWANO

Composite materials containing cellulose nanofiber and polypropylene were produced by the cellulose mixing-plastication

molding machine. The effects of additives were investigated on the PP / CNF composite material. The addition of the

copolymer was effective in improving the physical properties of the composite material. However, relatively large aggregates

caused a reduction in impact value. It is necessary to improve the dispersion of CNF in order to improve the physical

properties.
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(a) Dry CNF /PP composite material

(b)  Dry CNF (Additive-A)/PP composite material

(c) Dry CNF (Additive-B)/PP composite material

(left figure: surface, right figure: inside)

Fig. 1 X-ray CT images of composite material

Table 1 Strength test result

Tensile Tensile Bending | Bending
strength, | modulus, | strength, | modulus,
MPa MPa MPa MPa
PP material 30.7 1910 36.9 737
Dry CNF /PP
composite 294 1570 41.9 851
material
Dry CNF
(Additive-AYPP 305 1630 450 959
composite
material
Dry CNF
(Additive-BYPP 31.0 1640 44.2 901
composite
material

NS

Investigation of Pretreatment Method of Cellulose Nanofiber
by the Cellulose Mixing-plasticization Molding Machine

Core Manufacturing Technology Section; Yuki KAWANO, Dohiko TERADA™, Wataru MIZUNO

HEE . ORIl X OB CT. JREEREAN

In this study, pretreatment method of Cellulose Nanofiber (CNF) by the cellulose mixing-plasticization molding machine was

investigated. Two kinds of additives were used. One was additive having stearic acid. The other was ester-based additive. It was

found that the dry CNF using the additive having stearic acid had spacing effect. The bending strength and bending modulus of

composite material of the dry CNF using the additive having stearic acid and ester-based additive improved.
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Development of Selective Laser Melting using High Melting Point / Processing Resistant
Powder Materials
Digital Manufacturing Section; Takafumi YAMAMOTO, Kiyokazu HIMI

The microstructure and mechanical property of dense pure-tungsten specimens fabricated by selective laser melting (SLM)
were investigated. As the results, the equiaxial grain and the elongated grain were observed in the optical micrograph of
horizontal and vertical cross session, respectively. The micro-vickers hardness of SLM specimens indicated 450 = 25 HVO.1,

which is comparable to that of conventional rolled tungsten plate.
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Computational Modeling for Traditional Industry Support
Digital Manufacturing Section; Junji SUMIOKA, Kiyokazu HIMI and Takafumi YAMAMOTO

The business of traditional industries in Japan has been performed poorly 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 lacquerware at Takaoka. On the other hand, computational modeling is a design tool that

supports modeling decision and thinking while performing massive data processing using a computer. Therefore, we conducted

the research in order to link the effectiveness of computational modeling to the support and activation of traditional industries.

IR AR R R > 2 — W25 No.33 (2019)

23



24

L—H Z AW =EEHHOREEE

TYHNEDOSVER EE T R R

1. #&

KRB OE A TED—DE LT, N TV HEAE
—¥ g VN RT NS, M TV EAE—Ta T
TR & DRI 2 i & BReME R T35 2 & T,
RONLESLEALEITOHEINCTHD Y,

INET, TONATVEALB—2 a3y (AL &L
BT TR Z IS L, EErE, 8o, iR
DB ONWTIRF AT > T 722,

ARFFETIE, L—BERRIREED B TlI e o 7o
HNAN, RIBYEOM 5 TFEITHOWT, oA U F—HilE &
L —ERUR D FTREME DS B\ REE I RIS B O A
KESHT 5 Z & TRART,

2. EBRAE
2.1 3

Ao o —RE (B i, sttt oo
38 SK-PE-20L (LDPE : *FHJRIE5K) 20um) A fEH L.
TR & LT b TR B mT O R )
FDB-004 %3 L7,

BOEAN IR ST — « > —Hdh o /L 2—/1 | Blue
AL, RS (P—E27 e Iy 78R [ TR
PAWIREE 31°C 28T oSttt h R a2 a%n
R L7z,

22 HELnE
ARSI V2 L7z,

FTE DG TR A L7z LDPE #K & FDB-004 fyA %,

B Smm 35 KOV 10mm O E AT 2 HRE) I VA
PRNTT 10 HEALALEEE 6 BTV, FHSRLL 7=,
2.3 LN ARA LD E K VBT

AR FDB-004 OORR AU = DOfEZRD 7=
B, TH ) —VESI T OISR T A Rt
HEBUERTHL SolidSpec-3700DUV TT 77,

Flo, UL—IPRIC K DBLENERER DT, EHRIFH
b, FHEEEE 10°C/min CEAEE (TG) oira#isE
RS ThermoPlus2 Cf 7o 72,

2.4 BEMHETR

3D TV T 4 T ERBEL, TSR L — T
BEmH L L—EEE 21T o7,

L—RERESIFIL, L — R 445nm, R ) 3.5W,
A% L 200mm/min, A v fEIFE 57um, JEE 200
~300pum TIT> 72,

LB b O Y AR, 28 R

3. ERBERBLUBER

Fig. 112, FDB-004 O KW & OO T2, 1
WIS U T & ) — VIR C OSSN AT ey
MRz 79

T OFER, 445nm (TR EZFT 2 AT bR,
7272 Ly ZHUTRIEORIETORERTH 0 | BIR (HAR)
WRETORE TIERV1, L—I 2 M LB L —
WA WIS D FTREMEIIIER IS @ EHER S 7,

3.0

445nm

Absorbance
— — 1) ~N
= i = in

o
n

e
=)

200 300 400 500 600 700 800
Wavelength / nm

Fig. 1 FDB-004 T# / —)LiBRDENARARY b

72, TG 5H7>51%, FDB-004 13 114°C D@
FE & 340°C DEGRBEAZGT 5 Z BB E RS
TWb,

ZOZEMNL, LA LB FRE ThH o7z
BA. FRRi- LDPE & IFIEIRFEFCAEMAE L, LDPE O
A UH =L LTOMRRZ RIS T L Z LRI T&E T,
3.1 HELnE

A X —RE LDPE ¥yA~? FDB-004 O#HAbIE,
0.05. 0.1, LOWt%DEELL TITV, JEE) I /L COMIRE
DEIERITHRI 92% ThH - 7=,

3.2 L—HigsE

Fig. 2 |2, LDPE B3RO A, IO 0.05wt%FDB-004/
LDPE #HEMAKD L—FhEftE 250um JF) ONFH
HEEZRT,

BEBED L—FREEICOWTIE, 17 1.05W BLFC
IR AT Lo 7= b o0, T 1.4W THaL
DOREERBEFERL L, TNl ED L—HH ) ClIbEssE
DIERL & & BT EA~DEHEI R ST,

ZDOZEML, BEMEKENA V=L LTURHTE
L AREMED R ST,

Fig.3 |2, H@EtAl (0.1wt%FDB-004/ LDPE 4 ¥)

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



Fig. 2 FDB-004/ LDPE &K L—Y Gt
L—HH 5 : (@)LDPE D&, 3.5W, (b)0.7W,
(c)1.05W, (d)1.4W, (e)1.75W, (f)2.1W,
(9)2.45W,(h)2.8W, (i)3.15W

R) BEIRD L—WEEREE (300um /F) OB
FHEZRT,

177 0.7W TIFHE S O DOBEREE 2Rk L. 7] 1.05W
CHERS IR & R E~DFEERHER SN, D2
DOREREBIZOWTIL, S bR S,

ZHUTHRI L, I 1.4W DLECIIBERS S A e & A
WiREEE 720 | BB RO b o7, EOJIA
WZOWCIIHIEECIIARHTH 5,

I TIIRES WD, —E7 v v 7RI OV T
1%, 0.1wt%FDB-004/LDPE #&HAK & D 9 1 1 TOREH
RTL—PRErE AT, 1 21w LETL—% 0D
PSS NTZEL CHEE P 2 & 9 Z2RBBIC 22 D B DD,
BEREIE OMERRIZRRD e o7z,

Wi

Fig. 3 B %HH1/ (FDB-004/ LDPE #&#%) EE
YD L—H L=
L—4H 7 : (@)0.7W,(b)1.05W, (c)1.4W,
(d)1.75W, (€)2.1W, (F)2.45W,(g)2.8W, (h)3.15W,
()3.5W

4. &5

L —PRERE S N EEZ2 AT BHZ DWW T, o v & — g
LDPE &HpEHEWIIA & 0EAck Y, L— e
DATREMEDS BT,

£, REBRCHERE CE ol —E 7 v 78
BHZEAL TiX, A% bBETE1T o Tn&E 2Ly,

SE R
1) /NEFEUIRE . FEARASCE AT, SRR
Zethas. 812-817(1993)
2) BlZIE, Eke, BRI v & — i ge i,
2018, 32, 34.

F—U— P EEb, VYRR, TN E, B R
Surface Modification of Various Materials using Laser
Digital Manufacturing Section; Shuichi TAKAMATSU", Junji SUMIOKA, Tomoaki ISHIKURO™
Laser printing was performed using the composite resin powder made from resin (LDPE) powder and visible
light-absorbing materials for the purpose of giving fluorescence and thermo-sensitivity. As a result, it succeeded in forming

of sintered layer on a resin plate, and fluorescence was also acquired. On the other hand, it was impossible about

thermo-sensitivity to form of sintered layer on a resin plate.
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Fig. 2 Shape and size of (A): tensile test, (B): bending test
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Fig. 3 Temperature history near welding root during FSW
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Fig. 5 Cross-sectional observations of Al and Cu joint
(A: before tensile test, B: after tensile test)
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of Al-Cu joint
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SE R
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FETF ORI IR DAVR DS T2, 2) Thaddeus B. Massalski et al.: Binary Alloy Phase
Diagrams, 1 (ASM, 1990) 141-143

FoU— | A WEARES. TA =D A0e, M
Development of Bonding Technology of Aluminum and Copper Alloys by Friction Stir Welding

Functional Material Processing Section; Shigeki KAKIUCHI, Hideki YAMAGISHI, Masaru SATO
Product and Function Evaluation Section; Takaaki SHIMIZU Digital Manufacturing Section; Kiyokazu HIMI
Monozukuri Research and Development Center; Shogo TOMIDA

In this study, A1050 aluminium and C1020 oxygen free copper were welded by friction stir welding. Tensile strength, bending
characteristics and fatigue strength of Al-Cu butt joints were investigated. As a result, the average tensile strength of Al-Cu joint
materials were 103 MPa. The joint efficiency estimated from the tensile strength of the A1050 base material was 93%. The
fracture and cracks did not occur from the back bending test. As a result of the fatigue test, when the stress amplitudes were 20

MPa and 30 MPa, fracture of joint materials did not occur even after more than 1 x 10 7 cycles were applied.
1B IR, 2 Bl L RO R R SRR
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Detection of Hands Motions for Hygiene Management Using Depth Camera

Product and Function Evaluation Section; Katsuhiro SASAKI, Satoshi IWATSUBO"! and Human Engineering Section;
Yoshitoshi TSUKAMOTO

A data acquisition system for detecting motions of hand washing was constructed using a depth camera placed in front of

a human. A data processing algorithm for detecting hands putting out was implemented, and a reference distance of the hands

was calculated. In the analysis region determined by the reference distance, data processing for acquiring indicators of hands

motions were performed. The fundamental performance of the system was confirmed.
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Development of High-Strength Technology for Light Metal by Using Severe Plastic Deformation

Functional Material Processing Section; Masaru SATO, Hideki YAMAGISHI, Shigeki KAKIUCHI"!, and
Product and Function Evaluation Section; Takaaki SHIMIZU"?

Extrusion severe plastic deformation structure developed for pure-magnesium was analyzed by EBSD pattern. By IPF and GB

maps, it was found that the grain size decreased to about 14um and many low-angle grain boundaries were created in the extruded

specimen. The plane (0001) pole figure of extrusion showed distribution in specific extrusion direction.
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Evaluate a Joining Force Generated Melting a Resin by Laser Process

Product and Function Evaluating Section; Takaaki SHIMIU
Functional Material Processing Section; Hideki YAMAGISHI ~ Shigeki KAKIUCHI
Digital Manufacturing Section; Tomoaki ISHIKURO

It is possible to connect aluminum with PET by laser emission. When aluminum plat is emitted laser beam, it gives off heat

and melt a PET. It is possible to connect aluminum and PET. At this joint which has through hole by laser process, its strength

is higher than nothing one. At one through hole, a joining force has increased by 300N. At a jointing force is over 1200N,

breaking point is PET area. It means tensile strength is limited to a PET's strength. The joint that has more than 4 through holes

has higher strength than blind-riveting joint's.
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(1] Hley, & LR R o 2 —F7EHR, 2017, 31, 46.
[2] B. Singaram et al. Tetrahedron: Asymmetry, 2002, 13, 2359.
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F—U— N BAEMEAKRER, VEXRCAFUR BEE NI ARUETIALFRT 2= V)RT

Tris(pentafluorophenyl)boran-Promoted Isomerization of Limonene Oxide

Shigekazu YAMAZAKI

Lewis acid-catalyzed isomerization of limonene oxide has been investigated. 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 cis-limonene oxide to give cyclopentanecarboxyaldehyde in high selectivity. The
catalytic activity is high, and with 0.2 mol% catalyst cis-limonene oxide could be converted to the aldehyde in 73% selectivity

at 50°C within 30min. On the other hand, the isomerization of #trans-limonene oxide is slow and the products are not same with

those of cis-limonene oxide isomerization.
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Research on Fabrication of Sacrificial Patterns by 3D Printer and Metal Casting

Digital Manufacturing Section; Kiyokazu HIMI, Junji SUMIOKA, Takafumi YAMAMOTO
and Tomoaki ISHIKURO™!

In this study, the basic characteristics of sacrificial patterns fabricated by 3D printer were investigated. The polyamide
powder material decomposes completely at about 450 °C. Polyamide material has about 10% volume expansion from around
50 to 300 °C. We tried to cast by investment casting method. As a result of the experiment, the model completely disappeared,
and metal was flowing to details in the cavity. We will further study the usefulness of the sacrificial patterns fabricated by 3D

printer using casting simulation.
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Fig. 2 Top view of open stubs
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Fig. 3 Dispersion diagram of EBG structures
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¥—U— K : EMC, &, EBG

Study on Techniques for Suppression of Electromagnetic Noise

Evaluation Technology Section; Naoyuki MIYATA and Katsuhiro SASAKI

An improvement of the open stub electromagnetic bandgap (EBG) structure formed on power/ground plane of multilayer

printed circuit boards was studied. A club-shaped open stub which has a vertically arranged wider strip was examined with the

help of FDTD simulation, and was found to exhibit the lower lowest X-point frequency and the wider lowest bandgap

compared to those of conventional ones.
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Fig. 1 Appearance of tensile shear test pieces jointed at
various tool rotation speed; (a)50 rpm, (b)100 rpm,
(c)150 rpm
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Fig. 2 Appearance of aluminum test pieces jointed at
various tool rotation speed; (a)50 rpm, (b)100 rpm,
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Fig. 3 Cross-sectional images for aluminums jointed at
various tool rotation speed; (a)50 rpm, (b)100 rpm,
(c)150 rpm
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Fig. 4 Influence of tool rotation speed on maximum
tensile shear load of aluminums lap joint

AR ERENEES LT3tk i O K5 3Rt AW &
I%, 2100 N F2EE 2= L7, A A% 30 mm % 30 mm DT
BEAISETRBY, TAI=ULATHEB Lz, Zoko,
A1050 R OBIIEEAWRIELZRL TS EEZ BD,

ARGEDHRIN T —R T ) 77 A R"—EHFE L, B
BP0 B, SNEENEA L L Z A AR L
TWD, LTI HA R e AR 2 TR L 72,

4. 58

BRI PR G 4 FIV T A1050 ik & Bk 24 LT,
Y — VA AN S B 5 1oN T, #A R I OZHMIE
B L. BREIRY B A EITIER Lz, AXZ MW
THES L7 13 A1050 M L, A XEA & HER L
T =R T ) 77 A =% AXGETH D BT,

SEHK
1) N B E LR T3 o 7 —iFsedd 31 (2017) 50

%. 2) N. Kawashima et al.: I A& E #4255 16 (1952) 72
F—U—F:T7AI=0 L BEREBES, V—RT ) 774 5—
Development of Composite Technology for Carbon Nanofiber and Aluminum

Product and Function Evaluation Section; Hiroyuki TAMBO, Takaaki SHIMIZU and Satoshi IWATSUBO
Functional Material Processing Section; Shigeki KAKIUCHI, Digital Manufacturing Section; Kiyokazu Himi
Mechanics and Electronics Research Institute; Tatsunori KAKUDA

Joining of aluminum thin plates using friction stir has been investigated to combine with carbon nanofiber. It was found that
when the tool rotation speed was increased from 50 to 150 rpm, defects of joint surface decreased and maximum tensile shear
load increased. With tool rotating speed at 150 rpm, the maximum tensile shear load was approximately 1200 N. From the
cross-sectional images, cavities were observed between the aluminum plates. It is considered that joint strength of the

aluminum thin plates increases because cavity defects of joint surface decrease.
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Fig. 2 Surface of wood powder with CNF
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Fig. 2 Macrostructure of copper alloy after FSP
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Fig. 3 Results of toal life test in FSP
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ELT, BLWF v 7O EEZITo 72, ZAUTK DK
EEENCEWE T LOBRIRIRIA D CTC Z43BfET % E 5k %
THERENIATH ZEMTED X H TR oTe,

SE 3
1)Huang et al. Science 304, 987 (2004)
2) & R TR o 7 —aFgeEis 30, 89 (2016)

BiEE
A2 ISPS BHFFE: IP18H03006 DB A5 1 7=t D
<7,

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



[ ~ : )
BELIBE

- SRR REIRE Z A REICT B

+/ —N\A AR EDE|HRL
ATEEHER AR
BIEST RS A B

1. #8

W, T/ T 7 7 aP—OEBNTE, B AR
g MBI EAH SN TWD, 2B IERENET
JABHE. EVORER - 22 igRE TR A BB T 5D
W7 A FTREIC T A EHIRE STV D, Ll
JERVENET /7 MOBHTRRE LTV, Ml B E s 5
257 EOMEE A TWD, BRI KT, M
RAE - IEEESIRDNINENET /) MEtOR EHEME
ELTHATHY ., BEER XU ~OEFE L\ S [
REEFRRCE DAMREMEN S D Z L 2L L TE T
%, PERMFCIE, MIE% o0 B —IEEEA R T &
AT SHIEEMET ) M E VBRI AER T D 70D~ A 7
RIREET S ZADBAFE AT T,

2. X8

F v TOMEEZ K 1 IR T,3 KOS 1 AROUH
WCAMERAZETYA 7 aRNT v 7 AEFAESHET
BHIRET DY, ZOF v FTHEET D=0 DEET A
REHIZIBAFE L. (K2), ZOT A ZADOWERER
WORT, £ BRIV Y U URC T EHNTERL T
WS, TRAUCELILE U TR A TE RN & W
IMENH T, FDw, BITIFR L TRV, 7
MZEHR L NETTar F Ly h—28 L, ZDES)
WL TERTHVAT MMIER LT, ZHUZE>T#
TELTCRIRMNIRE L e o Te, Fiz, BT CIRA ORkT
EBELIENWEW) == XN 5120, EiKT N AH
A BINRIBEMEEICRRE TE H L OIC LT, B LR
HIERTEH L IIT LTz,

Inlet 1
Inlet 2 C———o——2 D Outlet
Wasc%y
10mm 20mm
]
: ]
0.2mm HS:0.4mm

K1 FvI0EE
(k) 28R, (F) #RE (&5 Ok

B2 E&RT/NAR

ZOM, Fo T T a—TE0]aARTHEN, F
D TNEINND Z ENHST-DT, aRxI X EF o7
RVATHIZ5FRUCEE LT, &bic, Fy7ic
DNVTHHT b DEEFT LIz, k3 DOALONDA
ST AT L CREEA L2 b 0% 1 DO OND
BT HHEETH 7203, BIERAHOWREE S 5120
HEL CHEEOHAMNOLEINT 5 Z 21280 X0 AERY
DORIEZED D ENTE L ETRENDTZD, HOR
BEOF > 7w HT- &G LT,

3. &S

M % 737 G — FREE AR CIER S V2 BN E T
I MBLVEANERLS B 720D DOERT A A B Uiz, £7-.
F o IRTF > THRNF DRRFECE OWEHZ D H Z L
T&ETZ, ZHUTK VD RFELRE, ~A 7 nifilg7T A A
THIEMET 7 MBE 2 ERT DR 2 2 Ra0I D 5 2
ENAREE Ip o7,

SEX
1) Kim er al. ACS Nano 2013; 7(11): 9975-83

it

AMFF21E ISPS BHFFE:  JP17H03047 DB AT 7~ %
DTT,
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AREREIC & (T D EIREMED 7B I & S E AL A REDRFE

ATEEMBITERR  mEAER

VLR ILFRRESE

1. #8

2 AU EBAE D MR A RAL DB ER DY AMINE (CTC) 138
BOFRRO—2L INTEY, £z, DAL DELED 9
FNTEERE DRI & Wbivd, D72, CTC ZifEIzsy
B - it 2 e TEUR, 2o RS S
T AR OB ATREMEN I < . FNEFIH L&
B2 D3 PRI D FTREMED B D, ABFFETIE, 1
Vs x5 & LC CTC ot - fiffr+ 2 2 Lic k| &
FH—NO& 0IZKRIF DIEBU IR A~O 5 & 7 D3 REs
KON 25 Z LA HE L TR, EOHRTRE
HF Tl Deterministic Lateral Displacement O J5EE D% Fu»
TevA 7 vk T v 7B I NEREZ W AT LD
HEIT->TND, SEEFLVHENCT NI AT AL
HEITHKBEEIToTZ,

2. X8

F o TOREIIEER P EFERTH Y | ¥ 112557, Inlet
1 MHEEEN AN A ST %, Inlet2 7253y 7 7 —
ZFed &, ML Outlet 1 2>HBEHE SN D AN, KEEE0S A
Jald N> 7 7 —{ll~B8) LT, Outlet 2 M HEULEILD,
SEBITEIRBRATBON T, L0HEHNRT VAT A
ERDIHICEBOUREToTe, Ty TIIMEEEZT D
L 25558 M (Outlet 1 & Outlet2) 1F Ef& &7 5,
Z D 5 LIEEAFIRRAENY S AV HPEH T (Outlet 2) 1%, [A]
I3 D AR 2 8G9 2 o IR ES D e 72 o T
0. BRI D F 22— 7 DR OWEITIER 1L 7
S TW5D, TDH, Fa—7NTIIHIROEINZLD
WREOFEE TN+ EFT5 2 LN TEP, [\
FINTND &N BEPRAET D, TDT=d, ZIVET,
F v TEMEEXICTH 2 LTI ORBEE R LTz,
— 5 C, @EOENBEMECTF v TNOTN A BIE L
FoLFrlFoTIBEEZOEETIIBILETHLNT

&P, FuTEHEESICTOVNERSH D, ZD 2 OO
Inlet 1 Qutlet 1

B X5 EERD

Inlet 2 Qutlet 2

B1 FvIOBE

K

B2 #FH-ICRARLIZERT/NA R (Fv TEEEKE)

B DA RS D72, fHEE . ARE E O 5126
JTCE DIRET NA ZAEFHT-FARE LTz, TDOT /A A%
B2 \Rd, VU PR RRETDEGIS. Ty TIRFES
HERFIR L CHMETE 5 K 912> TWnd, ZHUT L
ST, BHEIET > FHitE & CRIENA SO E FHERTE
BN, BELEZWE X T v THEE ISR D L DI,
ROWHVHZ D LN TEDL LI Te, ZOT A
A AZEY . ABITMIESBERR A X0 2 RICED 5
TERTEDEEZ LIS,

3. #E5E
FEREBRFCEB N TR N T W AT AT 57
OIZ, Ty 7HEE, Ty TREES S LICHRINTE
DHYAT WEFIACERETH LN TE, ZHUCKY,
IR B FEBR 2 L 0 RIICHED B Z LN TE D L DI
Rol,

SE Xk
1)Huang et al.  Science 304, 987 (2004)
2) & IR TR o 2 —RFges 30, 89 (2016)

BiEE
AHFZ21% JSPS BHFE:  JTP16K11728 DBk 2521 F 7~
HLOTT,
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A FEENEDHIEIZED EEFEFER > X T LD

ATEEMBISERR AL

fif] | LIRS R

1. #5

AFEMRBEEIRIL, VRS, BRI 21X U L LT
IR LSESR L TV D MIHBRIETH Y . AkhE
WAL RE ML TW5b, 207, Z0ONE
THRRT A A FFT 5 2 L13hd THEMERN
KEW, BlzIE~A 7 afiigT A 2% ADCETolH
W AN S 5 Z ENTEIUR, BRI T/ <
AN TG B2 BORE T2 fEICEIN X 5 L 9127k
V. ERERHBhERR A S AR RIEIC R E R ERN T X
Do AWFZETIX, FEHMFO~ A 7 afiikT v 7 HifiaF)
HL T, BTr&EEIT 270D E1T-72,

2. X8

PERAFCRHRE Lo~ A 7 vt T 7% FIH LT, [
LR R TR 1 L i & 2003 5 B a 1T o7, ~
A 7 v i~ >~ 713 Deterministic Lateral Displacement 7%
FIHLTYHA AT 250 TH Y FTHEFIC X 0 1E
L7z 2, 7 ZARERE LIRS L 0 . C2C12
#AEIX ATCC (CRL-1772) X0 AFL7=,

7 R 113 R & A3 60um THEAS 10pum LA F DA
K- CToh v, C2CI12 AIRETERE 10~20um DERERL 1T
bo T ZDOIRITRE S Bip D, 7% Rk & C2C12
MRz EAS Lz bozilEle LT, ~( 7 aiiikT v~
W2 Ly A AR E VI & VA RDVNS WISy
F7ee 1 REH A ARKRENWGEOEETHY | C2C12
OB I IRV O N 1)) - e NS TSV AW 1 ™It
APNSWSEIOEETH Y, C2C12 MlITA ST
TERERETRROND, Thbb, 7R [
7 MEFICE TR, LEVEEL D /NSy [E]
INEH, C2CI2 AT T 7  LTRRDICHER ), L&
EELYREVWGEICEIEN, 202 &F, £, &)
BHIBEA LT RSN ORI & b - & 2 i cE o 2 &
ZRL TS,

I OIS, B T & ARENE T OB OV TR
LTV, @2 LEWEAERD, FigEisEs TRd
% L CIEEE A & AEE A2 BECE D ATREMED B D,
Bz, REE X (o7 MEFICE o9 <ilEde) Ol
%L, SEENES I3 B LR BRE N LI L 5%
REAODEIK R TENTNELLNZ V7 85,
ZOEWEFA LT, hERIENE 2155 7k A iR

MR

M1 SEEBRROSENER
(£) A ZAKEVGE, (F) P4 XHNENSE

A%, HERDIFTATHICERE L CBBEIREE, R o
ZEENE Sy & LTI L TV A2 T, RS )
DIENEGDRnoTz, ZREIANDEZD~A 7 1l
BT > T T TTE, RN, RN
TE D,

3. #S

FEFMCRIR Lz~ A 7 niT v 7 2FA LT, W
IWEER K TR s 20T 5 2 LN TE, 2
T LY, S%EERE OS2 R cE A LIk

-7,

SEXH
1)Huang etal. Science 304, 987 (2004)
2) & IR TR o 7 —ifFgeais 31,112 (2017)

HEE

AHFZ21E ISPS BHFE:  TP18K 12069 DBIRKZZ1T7-%
DTY,
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MAIZHFEET SRS VAN EOEMFIA

M ERE D RERA

BUEBFEICM T T

ATEEMBITER  mEBHA
HIRSIRE A R

1. %S

IR B XN B D IR R CTH 0 | (REEE
DRV EIREOBR N EEN TV D, Fo, EEknbrk
RTBWT, MENCAE D RBIIREET 2 L TRESh TR
D, ENRTWRT v 7% U7 OBRFSIIMRO CEET
b5, BRI KRFTIIRTZ v 7 V7L L CRELE

RAYE HDL) F /RPN EHTHDZEERLT

WA, TEROIERE T B LAMERIT X 220,
AWFFETIL, ~A 7 il T /3 A THE R 2GRIRS
$%5Z & T HDL F /Wi ERS 5 HiEaE LTk
0. SRR, RUERAT S ADIERITHRE LT
WANEE=H Y VT TEDLIFEEFIICBF L,

2. EE&

F v TOWEZ K 1 ITRT, 3 ROFEN D 1 ROYEH
WCAMESEDZETIYA 7 aRVT v 7 ARFEESET
BHEIRATH Y, INETIRAMEOKELZFALT, 3
DOWIEE HERT 2 i U CHBEORER 21T > Tz
M, FEROT ) RTAERGIRIEICIE, A& OKEEF]
T2 LA EE 52 51-0, Z2iRREG @%%%
FT=X ) TFTHIEILTE R, L, FHE
TR ERSERIC Z 2 IRAE DT EE=2 Y T
LiznE W) =—ANRb o7, &2 THiICf & oK
LEFA LR CTHE=HF D VI TEDHERRFRE L,
HDL 7/ R - ERSERRCl, BEAEOKER & RED
TH )= WRIREIRAE L TW5, K& 7 —VTET
PRI D72, MBS TR T2 LIk,
KeéxZ ) —VOEREMICHERT 5 N TE D,

Inlet 1
Inlet 2 C——F——93 D Outlet
wasC/y
10mm 20mm
“ ‘ N
: |
0.2mm FES:0.4mm
X1 Fv T0iEE
(b)) 2R, (F) Ri% (8588 DO~Fi%

ull.%@f.ﬁﬁ%iﬁﬁﬁf%

23 Inlet 1 & Inlet 3 7°5H7K%, Inlet 2 02 H=H /) —)b
LT, v A 7 R T v 7 A AR 2B TRl L
AR TH D, ~A 7 0BT v 7 ANRFEAEL TV DHER
TR TE, RIEREGPHETNCE Z > T\ D 2 &2
ETED, TNEFATLZ L2k, BftEok%Es

FIALZ2 T, IRADRELZE=X ) L7 LRG3
BN TED LIz, TS LV RFELIE S/ hL
FVERLERR 2 RICHED D Z E N TE D L )T Tz,

3. s

~A T BT NA A TR R BIRIRG T 528 T
HDL /R {32 HIEICRBW T, QERA N ER
ICHEBEL TV A= Y v 7 TE D BRI LT,
U k0 SRERELIE DT ok YRR SRR & hER A
DD LENTEDL LT RoT, ~A 7 OifREET A
AT HDL 7/ kiA% T — VA —/)LCIERCE T,
HDL } /R D KT v 7% U7 & L TORREMEZ KX
IR D Z L3 TEMD TH RSB,

SEXH
1) Kim et al. ACS Nano 2013; 7(11): 9975-83

Bz
AHFFEIE ISPS BHiFE:  JP18K 18460 DBIRKA#%1T7- %
DTT,
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BEFREERVOEEEZTRMRT / 77 4 N\—Tigm OB

ATEEMBAZERR 5 H

HOS< DAFTERRSE Y > F — BRI

1. 5
ITAEDOHERIEIZ L0 B2 2 DO EBAGICEE, s
N DIGRIR IR DOTATNR S IN TS, 2 b DK

WINAIERNRT 7 F o RORFEEPNFEL RN B DL H D |

BB RE T 5 2 ENEETH D, — 7, Mk
BOTEG~OEEFERORABMEL 2>TD, Z
DREZEF R ORARIED—DINEZEER ORKAR~DFHED
BV | EONRALBRIFIEDRD LI TN D, AWFSET
X2 O XD BB =— X ZxET 572012, X0 &k
REZR RS X ORI S~ IS v RE 72T 7 7 A /X —
(NE)Am OBiZ 2 BHa LTz,

2. EBAE
21 NF MR RUNFTDEE

MIRORY 7 b=V 7 o & GHEIEAN R ST
BIRAIR 2R L, ORI NIk L TRAEMED Hed
AT DR Al & SRR 43 OB &k LT 10 wielfs
U7z, & OBRE Z A %0E 30 em, #5% / 20 14 K

(7 AFNIX)DT LY ha A= 745 % VTR L

JES 12 pm F 7203 25 um F 7213 45 um D NF ARt 2 %
neEngLE L, ZofE LRG0 S B 12um F 7
X 25 um OLOEEM & L THW =y MNEf & Z g
HECHE D AR EITV., SHICAVE TRV F L%
ML 7=, 7=, JEE 25um O NF Rt i L7/
ZFZxE LT, JISL1930 IZHEMLL . R T AUt e
TW-2100VE(S) /b & = — A (Pelehsf] 15 47, 39 & 4 [n))
Z1[EE LT, EOUERE A 20 [FH T 72,

22 E bR AITHT Y2 TILADOEEEEMEHER

2 LD H T AT % —1(p8 cm) (T A v = E A,
ERETTERBESREAE L, THO Y v — IR
DY TN Afi(p8 em) %, LI ftEH A 10 PEACE L, =
I 25°C, 1mEE 60%RH DEREE F TRt 48122 L, KT50
%A U7 (Fig. 1),

—

o N

Fig. 1 £ FR DT hMRRIZxTd SRR AR
*1 B OGRER. 23 B RBER)

7 BPRAEN

ATETAERIGERT Al —
EMOKEERR GBI 72— FARME

2.3 BEMUNERICHT HH 2 TILAOERE TSR

MR (95 cm)DH > F A2~ b U F 4 v 2 2 (50X9
mm)(ZHE | G JUMEAZ AU TE %A L, 25°C 16L8D
S CEE LT-(Fig. 2), sBRIZEIX 3 KB T 7,

WUER 24 W% F 7213 48 RIS B e Ol %
A, BB IO RORNZEHL L, FEHRERGEER
mAEETERH Lz,

Fio, MEFERFFRA(NICE D EH L,

HIESE R 3R(%) = ((ALERX 005 th 38 — %R IX 0 3E sh 3K) /
(100— % FAIX D FE H )} X 100 1)
N ¥

f?'
’ 'Qb!. i

Fig. 2 X 7H I o7t d B EEEEERER

3 ERBERBSLUER
31 E FRDIUTAHITHT HEERER

AMFFECRLE L7- NF A2 VT B hAY T~
(2Rt 2 BEEEE MR AT o 72, Z ORBR CIIfEho
50%3 ) w7 X GERIRIE L 72 5 F TICE T S RFH
(KT50) & LTz, ZOfEHR. 2 TDE I D NF ANHATIC
BWTRHET 57O+ Z 7R LT, KR B S 25
um LN 45 yum O NF REATITEE 12 um OHO LD |
KT50 23E< . LV @EWEEZ RS Z & 2307) 5 7-(Table
1 =2 hU— 13), ZAuL NF A E S 5 8% bl
Y NF R OB B(E )WKAFT 572D Th 5,

Table1 B PRI HIZKT HHERER

Ivky— HEl# KT50
1 NFA#47 (12 um) 143 20%)
2 NF A ##7 (25 um) 0453447
3 NF 7 8 77 (45 um) 043467
4 NUAF(NFIE 12 um) 345 30F)
5 NUAF(NFE 25 um) 15> 10F)
6 INURF(Hi#TEL) 253 19%D
7 NUFF(EE20E) 35515

NF AR U/ A F0O NF BlZETRIBIZ8E,
IV h)— 67 DRERITTY M) — 45 DRBAMND 3 1 BEIZE,

fe T K0 BRETRIRIZI Y T TIE AR 21T

B SR 7SR R 2 o X — 75t No.33 (2019)
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9 72IZ, NF A &2 TR ko 7 %
WL 7=, Z 2T, 45um O NF REEATIEZ DI B
fOREIZ L > THCIHEL CLE S Z &b izlz
B, RERNZITE CUUHE L7V 12 um F 7213 25 um DR
Az AV,

ZONRUEFTERNTE AV B IR D IS
PERRBR % FEhi L7 & 2 ATEMEDSHERR 4L, NF ASRRAT R
OFER LRI, LYV IEW 25 um OIF0N K 0D 2hE 2 E)
S72(Table 1 =X K VU— 4-5),

Fo, TN ORBRITHER L7\ 2 ORIz
72 NF ANAml3ihEn e 6 » AL R L Tk, v
=R EORNROR e A RS D Z LN TE T,

Wiz, VRO E NS TZEE 25 um @ NF ANk %
ER L7o U 22kt LT, 20 BRI 21T 570, %
DR ZFEHNT e AV~ DT 5 It
BRAaFEE LT 2A, VEERID 60%Lh DR AHERF L
TWBHZ ERbh o7 (Tablel =2~ U — 6-7),

3.1 BEMINERICHT HEBER

ABFSECHLE U7 NF ANRAT 2 O CL R NE s
45 AR AT o 1o, B U =ik A
MER U7, B A R Uie, F7o, A0 24 R
XV 48 B DM IESE RO 3 < L JEE 12 um BN
25 um @ NF AFATOMIESERFIL 80%LL EThHh o7, —
J7 NF AT ORI N LV ENZH030b 5, JEE 45
um O ESEHRRIT 64.1% & K> > 7=(Fig. 3 /£),
EBETNT T T LV R R ORI U
PR AR L 72 RER, BB A R L, 24 Wit OFHIE
FERERT, RRAANEWZ ERE L, JEES 45 um O NF R
AR DA IESE R 95%LA E & 2p > 7=(Fig. 3 Hake, 45 ),

INHOREREMNS, BRTIE RN U NT =526
&, L0 NF A OB AR T EF RIS 22580
NI EDBHBNE I oT,

F—U—F:F T 7 A1,

HREFERER(%)

100

AUHFDNE= =24h m4g8h EETNTISLY g0 FFETHIOT 100

733
641 68.2
50.0]
I 411

45um 45um 12pm

844

89.6
813
80
63.3 655
60
40
20
0

12pm 25um 12um 25um 45pm

Fig. 3 BEXRM/NERIIHT HRHIE

25pm

WIZ, B RAD T~ T 538k L [FRRIC, BT
77T L MR E LT NF Rk 280k & LT
L7e U H TR LT, EEEMRRER & 20 [EIGEELPR%
D IEREEMERBRZAT > 72, & OFER. TEMED R 4L, NF
AREATEARDORER L AR, K VIEW 25 um DT LD
R E o T=(Table 3 =2 b U — 1-2), & L CHeEWL
B ORERCIX, PRI OB R L 0 fiEsE R g
23 29.5 RA V MET L7eB—EDRDEITHERF L Tz
(Table3 = h U — 3),

Table3 EE7 W7 TS LVICHT DRERER

IhrY— kA #1E E R 3E(%)
1 INUAF(NFIE 12 um) 75.8
2 AUSF(NFE25um) 914
3 INUAF(3EE20E]) 61.9

BIESERE(L 48 BN LD,
NF R/ E U/ AF 0O NF BlELTRIBIZ8E,
IV Y= 23DHBREITY ) — 1 DN DS 2 H BRITERE,

4. 58
A BAIDIIN S A7z NF AN a2tk & LTHNW T B
R AU RO INE BTk L C Rl K OB R
BRGNS AT EED LN TE L, ZONREFTOE
BRI DRI AELL ERsE L, PEER 20 [FT- T h
L EOMREA MRS % = L ibirot, SHIZZO
By Er A A AN T ORRAERL S~ DI 2 R L 720,

Tl bR =r7, BihinT. #uhER

Development of Hygiene Pest Repellent and Agricultural Pest Control Nano Fiber Non-woven Fabric

Life Materials Development Section; Takumi YOSHIDA and Toshihiro NOJIRI"!

Human Life Technology Research

Institute; Ryoji KANAMARU Monozukuri Research and Development Center; Daisuke NARUSE™
Toyama Prefectural Agricultural, Forestry and Fisheries Research Center; Yumi AOKI

Using the nanofiber non-woven fabric to which the insecticide was added as a material, it was possible to produce the bandana

exerting a repellent and controlling effect against Aedes albopictus and agricultural pests. It was found that the effect of the

bandana against insects continues more than half a year and maintains 60% or more of performance even after 20 times washings.
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BERA7OTY FRKR—Y Tz 7DEEICET SR

ATERER BT <A WERTR &t

1. #8

BEOFBERE T TITON D BAAR—YDOHFTYH,
Zr7Ee— HEROFy v Fr— Yy A—0OT—LF—
IR—EED ARV 7 = TINE, BIRCE D 5 & 5F D
reooTaT 72— (FEERN Sy F) PEE ST
by TNHDT =T IO AR —Y 07 = T2 T m
T H =2 K DB OMHI TR S D,

I, AR B DS &0 D BEKGENH BT
BY. AHOMERE (37°C) ITEWEREIZIHBW T, &8
BRIE-CIEENER IR L 0 FEEA & HEAD R T o AR UAIR
AEiRACE R D L [BE] 25l en
BERIND, DT, TE DT L < RE R
1T25707 7 NAKR—Y U =7 OiatE ORI E
FD,

ARTETIX, oy h—DT— ) F— =7 =7 &%t
RLL., a7 s 2=y 0E - KGBEIORRZ &
HZEHETRME LT, TOEMERFT LI, R
FERAITUN, RS OFIE L 72 AT R, SR,
IRPNRIE L1 KT T 5 A Rt LTz,

2. EBAE

21 HERES L UHSR

T 17~23 IO Bk 8 LA iRE L L. K 11
N 27em X 26cm DT T 7 X —Fk 3 FlAE . R LY
HicEnFnbE Ly i—O T — % —_—H 7T =
7 (FEBRAY=T) ZRWCEREREZI T2, £z,
IaT A —FEMERE LWL DE Y ha—b &
1) & LTHWE, 7T 0~ (O~ OFif @33mm)
ZESGEER) 2.3 m s THEE U 7= REO i 8 4 HIE L
72k 2 A, EEREWIGHRITEE 4 I AW ATV T vk
ABERBENEDTH T,

x1 HEMICAWN-TOT9 2 —HZMOEHE

HAMES 1 2

EX7) - LAY TH—Ls

Rtk -

JERS - 5mm 8mm 4mm
#ARL - PUR 100%  |PE 17%. NY 83%| PE28%. NY 72%
mERE (KM | 386 347 231 214

22 IREBEEHLAIEFIE
EEZME LT, 30°C. 40%RH DA TKEBENTE

MR PRk

MR T o7, BBRE L, EREREICHEEEH21ED
T 7o OIZEBRBAGAD | RERIRNC A TRREITAZE UL
EiEoTz, D%, X— R TREZRER, JulllE,
ay he—VEREFERAY 7, A7 —Ry I
— X R—= R T = T RTERR T,
2—RFFEDOHDL Lz, KRIZHLy FIMZLDE
AT, 10 AL — 5 M OBAT - A1 TiES) G
JE 5.5km,h (5 53f#) —8.0km, h (5 53[H) % 3 [mlifk D
WL7ZD6, 5.5km h (5 53 ) — 10 S REAZ
AT, ZORNCOWTAERBOMEETTo 72, Lk
TH, FOMKEEETTo7-, RBREIL, BE 1gT
HIE LTz,

PIEEE AR 4 05 (B, B, KER, TR | K
fRNIRIZEE (B, 75) Ths, 7o, FBREIEZORER
D EREFTREE B LT,

A TRICHBRE I e T U U 7 2T, IRBVESOR
FURE, PEBEIRICOUWT 2~—2 D 5 BEE Tk LT,

3. EBRHERELUBR
31 HTFE~DEE

1%, KIEET—20b5 | HOWRE RS, 74
OIF T — 2 & AW CREH D LI E ) 25 LT
FRTH D, B4 1T, o 3 T~ R D
AN TS g

700
600

500
400
300
200
100
0

1 2 3 4

BHES
R1 FERDICKLTE BERETH)

TiFE (g)

32 THRER~DFE
AWFFETIE, T~T oD 4 SikE A CORA R SR
(M-Ts) #Rke>i=, 2 (1)
M-Ts=03 (Tc+Tu) +02 (Tt+Ti) (1)
ZC, Te 1 3Ma, Tu X bR, Te 1 3oRBR, Ti 1IX RO
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Study on design of the protection sportswear for summer

Human Engineering Section; Megumi MAKIMURA, Director of Laboratory; Ryoji KANAMARU
Planning and Management Department; Miyuki NAKAHASHI

This study examined material for the purpose of increase of the effect of the heat and the water vapor mobility in the

protector part of the sportswear for goal keepers of the soccer. To a protector material, we chose two kinds of double raschel

knitted fabric which was different from thickness and structure, and one kind of urethane foam. As a result of having

performed a subject experiment, we found that a rise of temperature and the humidity was different by the cloth structure and

the quantity of space of clothes.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)
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Research on Improvement of Water and Washing Resistance of Nanofiber Non-woven Fabric

Life Materials Development Section; Takumi YOSHIDA
Monozukuri Research and Development Center; Daisuke NARUSE™!

A nanofiber non-woven fabric containing a water and oil repellent agent could be produced by electrospinning method using

PVDF or PU as a raw material resin. When a water leakage test using soapy water for the obtained nanofiber nonwoven fabric,

the time until the water leakage occurred was extended. Moreover, when the contact angle of these nanofiber non-woven fabrics

was investigated the water-repellent improvement was also seen.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)
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Development of Movable Body Reproduced Body Shape

Human Engineering Section; Minoru UENO and Akira URAKAMI

In order to objectively evaluate the comfort and fit when wearing clothes, we have developed a body that can be made

variable in size by being composed of divided parts of the shape of the body surface. We adopted a method to drive

multiple parts simultaneously with one actuator. It has become possible to easily reproduce it simply by inserting the

gauges for various body types.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)
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Development of the Human Body Dummy to Evaluate the Sportswear

Human Engineering Section; Akira URAKAMI and Minoru UENO
Monozukuri R&D Center; Masato MIZOGUCHI and Junji SUMIOKA

For the sportswear behavior analysis when exercising, and the body load measurement when a wear is put on, the precision

imitates expensive body motion of correctness and reproducibility by mechanical motion mechanism, and has to detect motion

resistance by the difference between the subtle dough characteristics and wear shape well. In order to get basic data for a

sportswear design, the human body dummy which can reproduce basic action of shoulder joint, and with detection functions of

the joint torque when exercising was developed.
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Development of Monitoring Supporter for Biometic Informations

Life Materials Development Section; Kazumitsu SAEKI, Ryoji KANAMARU, Takumi YOSHIDA
Human Engineering Section; Yoshitoshi TSUKAMOTO, Akira URAKAMI

The purpose of this research is to develop monitoring supporter for biometic information. Conductivity of fiber and textile

was studied. We mixed various urethane resins and various graphite powders. We developed conductive resin. Graphite

powder contents are 30 to 35 % is most suitable for conductivity and forming. Resisitivity decreased as graphite powder size

became small. It is hard to foam as graphite powder size became big.
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Table 1 Number of registered tulip images

WO =¥A47 | MEE | = UEE N
H thin W |EVATR] VAR
133 714 1,164 1,344 16,170
146 786 2,208 1,614 22,404
160 306 900 480 7,710
167 822 2,088 1,464 23,340
173 462 1,488 1,032 15,490
188 528 0 612 7,086
191 384 2,250 666 13,974
204 870 2,718 1,668 24,372
216 696 1,662 594 16,602
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Disease Judgment of Tulip Based on Camera Image
Mechanics and Digital Engineering Section; Naoki KANAMORI and Hiroyuki TSURITANI
Tulip is a prefectural flower in Toyama Prefecture, and its bulb is a major product in the prefecture. In cultivation of tulip
bulbs, it is very important to quickly discover and eliminate abnormal appearance due to virus disease. An algorithm was
prototyped to determine if the input tulip image is a virus-affected strain. As a result of examining the performance of the

classifier, high differentiation performance was obtained. It was found that creating classifiers according to tulip growth and

virus type leads to improved performance.
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2) Chang, C. Y. et al., Proc. The 14th IFToMM World Cong.,
(2015), pp. 635-640.

F—U— N FUXVEGHBEE, REFEHHL KRBT

Practical Application of Vibration Analysis Technology Based on Digital Image Correlation

Mechanics and Digital Engineering Section; Hiroyuki TSURITANI, Naoki KANAMORI
Machinery and Electronics Research Institute; Toshihiko SAYAMA

In this work, vibration measuring method by digital image correlation was applied the electronic substrate. 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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Development of Technology to Enhance Thermo-responsive Nanofiber Sheet Strength

Electronics and Device Technology Section; Yoshiyuki YOKOYAMA,
Monozukuri Research and Development Center; Dohiko TERADA

The thermo-responsive nanofiber, obtained by electrospinning method large scale of volume changes by swelling and
shrinking reversibly responding to temperature changes, is expected to be applied to pharmaceuticals, clothing, cell culture sheets.
We are developing technology to enhance the thermo-responsive nanofiber sheet strength in order to facilitate the handling of it.
In this study, cellulose nanofibers (CNF) as a reinforcing material were introduced into the nanofibers (ENF) obtained by the

electrospinning method.
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Study of Air Secondary Batteries Using Magnesium Alloy

Electronics and Device Technology Section; Eiji HONBO™! and Tatsunori KAKUDA

For the purpose of showing rechargeable characteristics of Magnesium air batteries, two kinds of battery cells were

estimated. The cell consists of magnesium alloy AZ31 anode and ionic liquid electrolyte and the other consists of

hydrogenated magnesium anode and KOH electrolyte. Both cells were displayed charge-discharge cycles characteristics.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



I O—REFBFICET 2003

BT AR RO S TR et

1. 5
IR, BNEEICBW TR, < AB M THHE

o —AF ) 7 7 A 3—(CNF)2BA%E S, IRIIAISCHHE
LA 72 E~DICHDBRET S VT %, CNF (32K
BIRDORFETHAS SN D3, EIMBKREFREL THS
#1% CNF OETEARITTRESCEE R & O M TR
0., Hilciz~ N7 AFEME 720155, ABFFETIE. CNF

TR DM SGECRERENEN 5- 21T O T7ikD—> & LT,

AL L7 (R TRy 2 & 1R 2 5RIN oo wEe
PEIZ DWW TR LTz,

2. EEAE
21 fERAMH

CNF 1% 10wt% /K0 Bil(A X / ~ ¥ 43 BiNFi-s Ffll
MEZ A ) EAER LT, BREATRIRIE, 4.4-A V27
AF VLV 7 =2 =W (MDD)IFREE L Z O F F VW=, Bl
WRiE, AHRIIRRD2DPWT AR U L& REEEPU)
BET2FET, KRDOT 4 A= 3 L (F— TR
#SF150), BEO, XLy MRTPE(HARI 77 ~ 7 4k
BUPSIR ) 22 2 A F L Z LR % 2 R(DMSO)AHE & L= %
DEEH LT,

2.2 HEBRB L VRIESE

BRI, & LTIk CNF [EFIAR(CNF )2 V7=,
CNF ROIERIE, B 1 D X 91Kk A AR CHA T
IEBIARS 2515 E U, KROBUREESPIHO 11~12%
FREEIZ 725 % TF 30 R ARRACHR 2 0 IR L 7=, BiZk
BILENEREE T 2 BRI, L7z,

CNF W OBZEMENT, SR T 10 5 REOEBHIRE Lz &
X ORERTS OFE 2 AR & LR L7z,

PU D&%, CNF #Z =i T 10 fEEOBIHRIRIC 24 F
IR L CAT o 7o, I8, 7 14 A—V 3 Y OSRIEN
1 OEAEIC X 0 Bl L7=, DMSO IR OE 1L, £97X 1
& RERDOEAEZ 90°C DEMR [, MIET) 0.003MPa (2T 4

0 E : HASMPa

Bt K AT
KA EE

KR 4

(CNFiR)
1 CNF HR{ER G EEXE

REEA TV DMSO 2 78%8BRE L, iV CEE T 10 52D
KIZ 24 HERIRTE L TR~ 7= DMSO ZHhH, HIZX 1 o
BERAT S Z & Ol L7, Witz CNF BUX=ENEREE
T2 HFFREERCE, S Lakkl e L7,

CNF OFELIRIL, CNF Hiz Ar T AZZFHST 50°C T
10 550> MDI J2H 2%DMSO IRKIC 24 FifiiEE L <17
ST, RAERIIRI ORI AR E T | B HICHARIRT
(DMSO TAR)IZIRIE L PU G EEIT o 72,

CNF tROWpEiL, T RERERIE(( > & b 1 4L 5567 7iY)
&0 3 AHTRERAITOEHE L7z, JIESRE. 38R
1k 48mmx10mm>0.9mm, S HEEEE 32mm, 7 v A
~vy RAE— R 2mm/min & L7z,

PU OERIRREIE, RV R (A A AL FT/IR-
6100-IRT-7000)(Z & » CNF e & Wrimd A7 kL%
HIE LRkl L7z,

3. ERBERBSUBER

WEIR A= S D123, B2 XV CNF #sgi <
DEND D, K212, WA 25 CNF AR
B 2779, 48 Rl & TOIRETIE, /K, DMF, DMSO
PISMZEE A ERAE L7tz

FRERER A, FPTKRBROT 4 A=V g v EHAN
TENENI AT o717, 32 112 PU JFE 0~20% DT 4 A%
— g TR L 7= CNF RO e 27~ e RIS A,
MR & BT PU BREIC L DEWRIRIZ A N7z,
FIRAMIL AR BT LD PU OERNRIEZFEM L
7oL 2 A, ONF HZFE D51 PU HRORIITHRH S
IR Te, FERDT-®, CNF AR ORI E D D

3.0
2
2.0
1
W 15
R
=
1.0 $ 2
0.5
-0l ——MeOH  —A—7©f  —4—THF
-O-AN —&-DMF —%—DMSO
0.0
0 4 8 12 16 20 24 28 32 36 40 44 48

2 ERFE (hr)
2 1BMEAIEICR TS CNF oD iR 15

B SR 7SR R 2 o X — 75t No.33 (2019)

83



100um ORI ETOTY T)HHE L7223, R01EY PU B
ROWII R DR oTe, T 4 A= 3 @ PU Kk
2569 30nm, CNF #EHEFEDS 20~50nm (Wb h 2 r s
) TH DD T, BAMEEA 2 Bt TIE CNF fEHERT DOBE
X PUKRIER L [FEEDV NSV E RAED DAL, PU KL DIRi%
PREECH 7= &b,

WIZ, DMSO iR % FW CIRIEER 21T o7, #2112
PU JBEE 0~10% DVIE CHLER L 7= CNF RO iR
RY, BRI, R E HIC PUREICL 22T HED
ootz 728, £ 1 OFT 4 A= g VORGSR
LB L, DMSO JAIRALER ClIIm A g (K T LT
U5, CNF AR Z /072 DMSO (3IE CikiE & A E
BRCE MBI L 0 Z8RFRE LTz, Z OREONIESINRT
q AR—=T a3 VOGEITHARIEF TN E o To iz,
CNF #ffE D BLAPEI R IREE T, B L7 h
DEHEZEZSND, (DMSO DU, FREE D ATREME S A4 7E T
XA, BEENEIC L 2 EELLTIIMEE T 720
572,) B3 IZCNFAREFE ORI AT RV Z R,
DTINTIES D5 PU KO (RFTER) A H 4, PU 2
FE DB AN IH N 8 Loz, L,
WriEI ZEEROD AT RV TIE Z OWRIIEMEGR TE 7o
722 b, PUIRER L CWTHRE DA TH 5, PU
DSRE IR TIE72 ERFRIREE T H - TH | 10nm A — 4 —D
BN A RE I L CTRGICKREL o2 b O
EEons,

% ZC, PU OiziZlEdeE % X LT, MDI (2 X 5 CNF
DOEEHEZ R, L U7RA 5 Ay -0 MDI
Th. CNF HEEHH DR EPH 28 DIc s EF o
TD 2 EMRIRIMEIL ALY bV LY B Shu, Mgk
TIREMLER L 72 CNF AROPME, PU OEIRARREIZ DN T
b, R L72R2WGG L AR ON RN T2,

£1 T4 RN—2 3 U0 CNF HROBE T4

PUIRE 0% 5% 10% 20%
RAH IS (MPa) 140.5 139.5 142.6 135.5
B (38 14 38 (GPa) 11.61 11.54 12.11 10.99

#&2 DMSO & &ALIE CNF HRODBAITHE

PUIRE 0% 2% 5% 10%
KB 55 51 (MPa) 107.8 106.1 106.2 102.2
Hh (3814 58 (GPa) 9.85 9.92 9.85 9.53

i@$ (%)

2000 1800 1600 1400 1200 1000 800
KEL (em-1)

3 DMSO /&i&RAIE CNF HRDFRIMRULA RS L

4. #&5

CNF D[EFEARZ KI5\ 0T DMSO Z IR L 3 2 15
RITi= U CRIERC 2 iR T 2N L kA at Le, L
7L, CNF #HHER DY SO AR ORRHERIBR $ /N &
<\ BHIBRANEIRSE Ui o Tz, £T-, BB EDT-D
DR & L THV = MDI TS VEE Lol
TET, BT DT E SR>,

F—U—K:kvruo—RF 77 A3~ EHK, B, &R BT

Study on Cellulose Matrix Moldings

Norimitsu SANAE and Ryoji KANAMARU

For the purpose of preparing the composite of cellulose nanofiber(CNF) molding and resin, it was examined to impregnate

the polyurethane(PU) resin into the CNF plate by immersing in the aqueous dispersion or dimethyl sulfoxide(DMSO) solution

containing the PU resin and swelling with solvent. However, it was not possible to impregnate the PU resin into the plate, since

the gaps between CNF fibers were not large enough compared to the particle size in dispersion and the molecular size in solution

when the value of swelling degree was about 2.3 to 2.6.
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Fig. 2 Influence of junction position to acceleration
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Fig. 4 Measurement result of rivet joining force
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Study on Vibration Characteristics of Ultrasonic Welding

Mechanics and Digital Engineering Section; Toshinao HASHIBA, Naoki KANAMORI,
Mechanics and Electronics Research Institute; Toshihiko SAYAMA,
Monozukuri Research and Development Center; Tomoaki ISHIKURO™!

The aim of this study is to clarify the mechanism of breakage of the points already joined at specific positions in ultrasonic
welding between aluminum and stainless steel. Vibration magnitude and joining force were measured. As a result of the
experiment, the distribution of vibration magnitude considered to be related to vibration mode of excitation material and fixed

material was confirmed, and the distribution was considered to be related to breakage of the points already joined.
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Interface Control Technology and Improvement of Reliability for Organic Thin-film Solar Cell
Electronics and Device Technology Section; Takashi TERASAWA, Eiji HONBO

Organic thin-film solar cells (OSC) have been studied for high conversion efficiency, but their characteristic deterioration is

remarkable because they are made of organic substances. There are unclear points about the degradation mechanism, and in

this research, we examined from the viewpoint of interface control and reliability. As a result, it is effective to use porous ITO

and hole transport layer (PAn) for high efficiency and to stabilize the structure of the active layer by heat treatment (especially

suppression of dynamic change of PCBM) for stabilization of OSC.
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Study about High Quality Surface Shape Measurements with Non-Contacting 3D-Scanner

Mechanics and Electronics Research Instituite
Tsutomu YOSHIDA, Naoki KANAMORI, Toshihiko SAYAMA

Surface measurements of glossy steel surfaces with Non-Contacting 3D-scanner have been considered to be ultimately difficult

to be operated. The new 3D-scanners that have the efficacy to measure glossy surface shape, named ‘non-spraying measuring

method’, however, have been burgeoning these years. In this research, the adaptation of the method has been delved into

concerning about the various precisely machined surfaces of steel material.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)
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Table 1 Quantitative analytical result by X-ray diffraction

Al B ALOs AlOH)s
LLZA TEA&(%) 78% 88%
LLZA YT58(%) 22% 12%

2T, ALOs JFEIOUSIMEO G L Z2 1T\ X BREYT
2LV S ER(FE 2)&2FEh L-, & 3.0%LL LTt
BN TS S AERRTE B 2 L vbh o7z,

Table 2 Quantitative analytical result by X-ray diffraction
(tetragonal and cubic ceramics ratio)

. 1.0 14 18 22 26 30 36
ANINE(%)

78 86 50 85 49 23 23
EAE%)

22 14 47 15 36 66 73
STHEH%)
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Development of the Thick Film Secondary Battery Using Oxide-based Solid Electrolyte

Electronics and Device Technology Section; Tatsunori KAKUDA and Eiji HONBO

In this study, we improved the lithium ion secondary battery using a solid electrolyte experimentally. Specifically, we
improved solid electrolyte LLZA(Li73xLa3Zr2AlxO12) by solid-phase method and formed a thick film pattern by the

screen-printing method and evaluated the electric characteristic of the secondary battery.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)
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Fig. 2 Optimized shapes of (a)the compressive loads
model and (b)the shear loads model for volume
fractions of 30%
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Study on Lattice Structure Design Using CAE for Lightweight and High-performance Applications

Mechanics and Digital Engineering Section; Takafumi NAKAMURA, Naoki KANAMORI,
Mechanics and Electronics Research Institute; Toshihiko SAYAMA,
Monozukuri Research and Development Center; Takafumi YAMAMOTO

Lattice structures are generally used inside a structural member in order to reduce a weight, and it is important to design shapes

of unit cells for high-performance lattice structure. In this study, we tried to optimize the unit cells using a topology optimization

method for a designing methodology. In conclusion, the optimal shapes of the unit cells were derived with 30% solid material

constraint for the compressive and shear loads situations respectively, and the lattice structures were successfully fabricated

using selective laser melting.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



BRI H OB

BT AR BULsE  AEERTAER)

1. #8

Ferxix, =7 hpA=ETHRLNLES T
I 77 AN G L, HERE L= 7 AN
—— hENTEEORIRII Y —= 0 7T B8 (&
T 7 7 A Sk EBARE L CE T, AWET
L AREHEET DR R 3 Y7 o 75 ATHR L
I BRI E— o b LTED) Otz
FAANTERI T ) 7 7 A N—IZFB L, Zhva v
T, ALOHEERT 7 * > N U — I O 2 ATz,

2. {EFIBRE DRSS

B 1S, T/ 7 7 A=A AT LR D
9@@%&%%mﬁo:@gﬁﬁ%/774ﬂ%i\7
V71 ) BUGHRIC ) L TR _R— AR U~ —L | Y
7% b orfiR Ul A ARl 5 RS AR DR S D,
R Lo T MRS AR B AR U7 FR ) b & 72
0, R_—=2ARY =0T VA ) BBIRI L TR S
AR~EBILT D, T4 h~ A7 BN L TR
LT, B ERBAHAEV L., BRI HT D
WEMEIZ a2 R T A N e 5 2 LT AEEORRIZT
I 77 AN—DHRE—= 2 THAT I,

SRS

1) SERFEEH

A

R—RR)7— RN—RRY7—
(RGRIZTE) (RGRIZAA)

H+

1 BAMES/ T 7 A N—ITHHRAATL
L IRIR R DR ORI HAE

3. EEBAE

XU, =7 b A= 7EE VT, PET 7
A IV ITHRFE LTz AL IR RIS RO ) 7 7 A =%
HREL 72D, WIS, T/ 77 A 3= Al & D&M
B ED7=dlz, B L& FEhE Lz, [EEORITEE
et 77 A R—F N —= T LT, ERlT, T/
TryANR—kmyF <27 L LT Al A2z YT
YT, T ANRN—ERETHZ LT, ALOTF 2
v NT—27 ZERL LT,

RSN

4. HEER
B2 \ZJEHMET ) 77 A NR—F N AlLDT ) R

N — 7 EEOFERERT, =LY hrAE =T
etk % BRI EEIE Tk V., EEARFEIEEAE 20cm, R U ~—VAIR
RE10Wt% &5 & 7 7 A =034 200nm DHEY V-
I 77 A= AL EICIERCE 5 2 &b oTe,
F7o. Al EEZ 90°C IZHIRT D &, /77 A /3—=)
AT N > THEN, RELTWD 7 74 2 —[a b
EHLTHMELTW BRI SN, iy —=
TEATo %, U BR - TR - MR O Al = v F 0 TR
[CIRIEL Al MO v F o 7 E2ITH 2 LT, MR
200nm, & S 40nm O Al B EARIC D728 o7k b
U — 7 iEEERCTE D EvboT,

B ‘-

FITTAI—D '\"

HERE

2747 \_l_lé

210nm
' BIETYT

I:I10umj

N [l
4 %

T7ANN—F:

BEMERD:D
BELDER
(90°C. 10min)

1l
ﬁ'{;/\"&::‘/b'
R
T7AIN—%
TR
ATYFUY
!
T7AI18\—

BRE i 7
\_ i s e |:|10[lm/

2 Rt/ 274 nN—%RWE
AlF/ 1y bIT—DEEDRE

e
. I:I10um/

8% R
o 10fEI1Z58ER

5 #E

(AR D 7 RS A A A A TR E T
77 ANRN—ZHNT, PET 7 4 /LA EIZ, Al OFIVWEEE
T 2y NU— ISR T D Z LN TE T,

SEWR

1) BRIl fh, &L RPE ST JERR 3 = o & —bF
e, 32,97(2018)

IR ARG R > 2 — W Z5E No.33 (2019)



TEFHREVATLD=-ODIRENESF 578 - BT F

BIRIG S 27 LR SAREA
HI S T2E(0R) Al

1. #8
2017C AR 29I S0 L 7= T B of Btz B

L2x

T BB VINBOC, IR TRz,
WREICRO (HF T Y O RS ARES)
&> Tl LRI 5 TRA MRS A7 LM% LT,

335

34
L3x

36

335

Hesi

34

345 35 35.5

36

LovL, INTAIC R U TR (F#) 2 M- TRV | 0
NS AR CRBHCENE L7 HE1c, TEEMRH s
VAT BDRRHIET BEAN DD 2 LYo T, ,
Z 2T AT, EMABMRHO70IC, o T <
Bz & B IRB DB B A R 5 1200 D13 5450 - Bl e
ExRRET LT,

Fig

2. ERAE - EEREER
EREORE T CERBT O THE @ >OF U TR (3
i) 2 L, 2SR REEEET 2358038 %) )
DIEE, TEARIEERE TH B & &2 HbNBEHT |
(BRI LT O N >4 CIRIINAE LT IR S A
— 5 %AV, TEBHAOBREE S L T2 OB 27 0
KT & > THRRB % BT 5 FEE R L=, 3
ERAY IS LML AT AR L7z /A RS o0
FUEATNT 5 - LI L > T, RER TRV 0

335

L4
34

Time [sec]

A

345 35 35.5

. 1 Raw acceleration value

335

335

L2x

34
L3x

34

345 35 35.5

345 35 35.5

36

ORI L DA IH LB A AT 5 2 LN T L
72, B 113, 2 >0 THAFERRE L T2 BIClE L '
TR DR OB Th D, Zivgk ) A R L 723

BaK 2 1R T, K3 1E, /A REEgOT—4 LA
WDXEEFTRLIZLDTH D,

Lt HrBfE - T L7215 52> C LR R T A7 |

335

L4
34

Time [sec]

L2x

AN

345 35 35.5

Fig. 2 Noise-suppressed acceleration value

36

36

LEPESE, FREOME TR COREEZREEL T 0 o "
-1
< o 32 325 33 335 34 345 35 355
L3x
1
SEHK 0 o -
1) (ﬁﬁ ﬂﬁ EE.; m@%%&%fﬁ%%%\ék v & _H%ﬁ& 432 325 33 335 34 345 35 355
32 (2018) 102. L
1
2) A il 29 IR & E C ARG 0
Feo WHERSCE], 31 (2018) 21-27. -
3) E{% ﬂ’{_’J, E| Nﬂ%ﬁi/ﬁ\ﬂ 71'\:5“ /( 7 2 . 7( j] ]\ - :7 32 325 33 335 Timeg?sec] 345 35 355

AGHZ: 2018 [FETGERSCHE), 182 (2018) 1P2-BOS.

Fig. 3 Error between noise-suppressed acceleration

value and raw acceleration value

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)

36



HE AN ERIREFEDHR

s A7 NBR GREA PR oS DR 2 —

IEARNIEYN

FHOEE 2B TH2 HAREE LEWR) A+

1. #E

SRk EOMUIN R X BN TR AE L
K % A HEA CRRETTIT@E WIS CRERITMBUR
T LHZENTEIUL, BELROK= X MUEIZERY
BMEDBHIFRFCTE D, £ 2T, AT, BRSSO
1 2E LT VOB THHE R M B
G JRINTER A ORGERHIFE AT 5 3FHOM N X%
T A s U= Bitg A - TR 5 i at L,

2. BEIR

EARNCEA(H) EICRETDHZEDHD, bEAF
A 2)F A, WFEIL T (1% 3), 38 KOFPIR(X 4) 2 f it
G L Uiz, Bt E MfamIL, 2k Sh oK S 239
WIS HRERT D E /o> TV D, IITEEZD
WHEZ AT H 7212, B R b B KBRS
BLEBOLDEREE LT,

Piston ~&

Piston pin
/

| A/‘\
\ \3 \ J

Fig. 1 Piston pin

Connecting rod

0 02 04 06 08
Distance mm

0

0z 04 06 08
Distance mm

Fig. 3 Examples of grinding unevenness

o 0z 04 08 08B
Distance mm

Fig. 5 Examples of imaging (left) and detection (right) of
spiral scratches

Fig. 6 Examples of imaging (left) and detection (right) of
grinding unevenness

Fig. 7 Examples of microphotograph (upper row) and
detection result (lower row) of dent marks

3. FADBREFES &K URIERIEHER

BHEAHKIC X B oeeliite 2 £+ 5 2 & e BRI
ATMBE LTIAD Z ENTE HRGHEEZER - K
TEL., ZOWRMBIEREIZ L VDR & 035 = &
Lo TOTNOF bS5 Z &N TE2 (M 5~7),
REMIIE, PR 30 4EFE #WBISEE 2B CH 2 %S
X pp. 1522 A5 R)

B SR 7SR R 2 o X — 75t No.33 (2019) 97



CAE %R =ikENfZIT DS FEMEETHE ~ DG F

MRS 27 AL SupiEs

HERE FHFZERT  PElLRE
BV E 2B CHE (R Z Xk Aa—
1. 5
RERS - RS OBHRIHCIL. IEBVARTIST B 15N

ZEHT 572012, RIS AT T\ 5, D
B, SR & BUEZ AR IR LR OB R A ES LT
EWHFERESND, Fio, ZOFEORFE A
ZHIT 572912 CAE (Computer Aided Engineering) ¢
EHARRAALNLTHSD D, LarL, CAE (ZHW5 FEM
EBTNV, BIOEORKGEEEAT 2 IRERERO P72
HY | FEITRER E BB R E S, LT L LB LW
B132% <. CAEIZ X DIRENAT A, IR HERLTWVD &
ITNZRVRILTH D, T O OREDJRIK % rTHE72 R
0 HERR L CL IEMEZR IRERRBR OFE R E AT H 7 FEM
ETNVEAIEY EIFHZ L3, CAE O KD DIZHNET
b5, Fio, EEERERICHV 2 /T EE A ORI HE
B D I EME, THDOIREITITIE L < BFICHRSE)
PALEL, IREBERNEEORERIZERL 5 2 /a2 b
MRDHND, ARFFTE, IRBIRRERICE L7 in B 25k
95 Z L& LT, CAE LiREFRBREOIERZNEND
MIBERZH LI L, ZN o OREEfR L, EHNAR
RBRIBHOBRICELEFTOT v AE R LIZHDTH
%6

2. EBRAE

Fig. 1 1%, AR CTHW-RBREEZ RS, FEITHE
HOREOIREFERI AN DN DIEEEZBE L2 H DT,
TN =0 AESMOMM ZAGDETZ LD TH S,
ZDRRERIRDA 27V AT 2 A TV EBROIRENF
PEAFHAI L 72 B¢, R L K< —%3 5 FEM €7

Fig. 1 Fixing jig for low frequency vibration

PSR E
HLOS< VTR F —

SRREA PR
ThEKRESR,
FRfEACR  JEREER T () AIHESD
NEHRF LI, D FEM 7 LVEHNWT, SE&8FER
UEEA TS T a0 F% CAE 12X THIL, 16RO
W R ER AT,

3. REER
FHAFER L CAE OFERITIE, SHIKRZ 2Tl H -
72h3, FEM E7 VOBRFMHEDORE L A21T5 Z & T,
FHUFER & K< —BI 2R E2H/D Z &8 TET,
ZDOFEM E7 V& W T IR ROEE 7 i B0,
HMOERZHLT, V75BN 57 EOSEEERTT-
TeYra DR % CAE IZ X0 Tl L7z, Tablel £, CAE
DFERAFE T 1 IRIHREEEOZ & 7~d, £ DIE
ERAWERT, U T ZBINT 572 8 LTZBRISRD K E
WZ EBFD B ZOREREIITH R LT RaiE L,
REVRFEA G L72 & 2 A, 1 WIHRIEIRENT. 317Hz
L7820 CAE OFER L TE T D8ENA LT,
Table 1 Comparison of primary resonance frequencies
by FEM vibration mode analysis

AL 1 R Hz]
ARG 127.0
A— 2RO E R A 20 I 193.9
A= ARDIEF % 30mm (2 206.0
U 7 %00 3024
4. $55

AWFFETIE, CAE % W TR 5 K OMEEIRAER I
BT H5B-CRH I NEORERZ I G L, £ Of#E
R HumfE A L C, #REEERICE LR e R o
B AT o7,

WO RIR B2 O 7o REREER, 35 JONEY) 7 FEM
ETIUCEES  IRENENT &2 O CIEhid % Z & ¢, CAE
ARD HH T 285 OBAFE B D b DIRENRFED
IR S< T EMNTE T,

RN, PR30 R BV E 2B C 5% TR
X pp. 1-7 #5R)

SE 3R
1) MUTHEZAE D, SR 22 R VMR E 2 B CHR
R SCEE, pp. 19-24.

Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



BAMEF/ T7A4N\—ZAL=
L IIGEREE/NZ— DR
BT A AR BB AR fa
EORREEHETHR 2t WES BILAY MRS

1. #8

X7 Ly hPCRA~Y— N7 4, KBEMIZIE, &N
BEANS—UNEBEREFFEME LTEbTERY, B
TEVE, M & BN A il 2 72 BT b H b
AV HAAX(TO) R FEIZHN B TWD, L,
ITO BEIZIE, VT AXNLNTHDIFEROA T LD A
MR < SRR C B B T2 D BT TR MR VS O RRRE
N D, T, A TIL, BIMEE TG LB O
DA T A= BIMETF ) T A=) ERHWD D
& T, ITO FEITb D 7 Lo 7L Tl 7 s E
K — ORISR RLATE,

2. EBAE

TUDIZ, TAI=0 (Al) 2784 L7-PET 7 4 /b
D BIT, BRI O RO 2 ML ZMA A TSR
R ETZ LY hR A=V VETCA S L—L, F/
T 7 A N ) THERE ST, WRIZ, RIS Z — D3
P77 b~ AT BN L TORERE L, T/ 774
—EWRNF == T LT BN T Ty ARy
Fr IR ELTAEREZ Y F UL AL Xy
NI — 2 R LT, Bkl T 7 7 A N—ZESR L,
R LT Al 2y NT—2 BB &,

3. EEER

BT ) 77 A= HWTIERR LT AL/ X v b
U —7 %X 1R T, @I 40nm, 1EAYE 720nm D
Al T U A —BERICOR R ST, Al Ry
U —2 Zfnbo TEIKDIL. Al T/ Ry RU—27 0
B A SeaNmiE 5 = & T, AL R Lz,

EBIT, TV MR =V IEEOTF ) T 7 A R—D
HERRIRE 20 L. Al T %y RU—27 O (Al
Xy RNU—2 W PET 7 AV L5TEHIWER) ORRD
fie DAl T ) Fy hU—7 ZERLL, SaFiRgE L v— b
EHOBREZRHE L. (X2), AlWEREFEET5 &
T, HFEEER 76.2% & 2— NMEHT 72.6Q/5q. DBV EE <
B =G5 ., HilD PET 7 4 /LA B 1TO i (i
#78%, — MEHL 108Qsq.) (TIEWERENRSE SIS Z
Lol

*1EL BRI A T LR

[ATyFoI#]

(F/ 774\~ E&]

SPMTCHL KEIZR

AT/ 7o —0
B5:43nm
18 : 724nm

FSTEIESa

QOum

Opm

Fig. 1 Al nano-network formed using photo-patterned
nanofibers as an etching mask

150
ITo .

100

50

L—MER(Q/sq)

AlF/RubT—
0 20 40 60 80 100
IEE600nmIZEH T I EBE (%)

Fig. 2 Relationship between light transmittance and
sheet resistance of transparent conductive
pattern consisting of Al nano-network

4. #%
BT ) 7 7 A _"—ZFWT, PET 7 4 /b4 I Al
F ) Fy NU—7 B LT, v— MEFLE BiREE o
Y ha—LL, ITO L IZFRSOREE2 AT D7 L%
ST NIRIBIEE A — G H T LN TE T,

i

SE 3

1) Keisuke Azuma et al., Mat. Lett., 115, 187 (2014).

2) Tianda He et al., ACS Nano, 8(5), 4782(2014).

3) Biligez fih, &R PESERARDIIERSE & o 2 —HF
JEHi, 32, 80(2018)

IR AE SRR TE & > 2 —WiE e No33(2019) g9



BERERICHE T AEEM ORI FFIEICAT 4HR-I

PRRIES 2 7 2B PSERIE SR PR Lo S ORIt X —  AEEIY

FHOHEEZHETOHR

1. #8
HEWHEAEOERFIOIF E A ENEMIZIR, ELR
[FtOBEATORAICEE > TWD, ABFFETIE, IHE
M JEYRT TR R B & LT B DR — Bk E
LS TEE T L G ORI DWW TRA LT,
A TIE, T =0 W LM 2~ — R & 7
DEAL L, SRR BRI NAEMICIER L, &
MBI BV CRELET VI = L LTEHENT
W5 Al-Mg-Si 2 A4 A6063S-TS Z[EER & L, Zhic
JEWRBEAIYS T DTV Uy NEIREM & LT, &
HWHES &R T,

2. EBAHE

TRV Ry NEIEM & LIEGA, @EER SIS
R— TR, IR O SIS - 2 iR S 03 9EH
ICRENWT D, BEAIIZA— DRI 5T,
BEADRE 2D B2 OND, 2O LX) RS Lo
RERUCKRI LT, T Uy MR R— L —RER VIR
oL RA—0E2ERZTLHI LT, #ATEDLDOT
FRVvnEE 2 A—rFy7mice—Ly ML
L. 7V Uy NOBAED RIZE S TT AI Uy
NI A EEIR T X SO R — EZRIEL, Tk
AWTEEERBREIT 72,

3. ERBERBLUBE

31 FILZ YRy FDEBEEREDHRE

A RBROMER, 2 TOMES O CHHER 0.05s
LI EONRTLRE U CHEAFIREIC /2 D 2 & oo Tz,

3.2 R— U DIREN T R )L X —DFHih

R— " OIRE T 3L F— DR Th 2 A %
TS U7 RESE, IERERD2Y 0.05s £ CRM L2, 13IE
—ELpol, ZOZE X, IERE 0.05s LTI
NIEM & EEM DA LIoRIE L 720 | S —E
o lzbDEEZBND,

3.3 HRENFEDET

L—H Ry 7 ZIREEHNT K 2 IR E 2 5 7R R

IRBIEED S 0.05s FTIE. A— 38 L ORI
JEDIRIEA 2PN L, BEEMIZZI & TR
WCHEIN 2 Z EDRA BN R o7, £, T,

1 8L AR

a— WAt BREIEAY

WL HIRIE DN EHRIE CIEE L T\ b 2 &3
Y Ny i

3.4 #EREDHE

12, BIEFNZ 1T 2RI & #2558 DBk
o, NHRBALADN G 0.5s £ TOREMCTIE, 25 TREEN
TICHIIN L, Z ORI 5 Z L33
7o ZAUL, MHRBHAG D 0.5s F TIZREEM, IRk O
BRIV BIBOTHN D@ MR S AU TR H L7 8AE m 2 s
TRHEENEL D Z LI KV EEET1VERHR TRIICHER
L. ZALARE IR AR OB HREOILRIC L 0 #56
HBEML TN DT LEZ BND,

[ O:100N @:200N A:400N A:800N | A N1

70
60
50
40
30
20
10

0

FEATEE(MPa)

0 01 02 03 04 05 12 3 456 789
himREER(s)
Fig. 1 Measurement result of rivet joining strength

35 EAAN=ZAXLDAE

SEM (T L 281533 L USCRGIT ORI G | #2571
RN SN T B LD B A RO SR O EEERIZ L -
TJHPFICHER S 4, 2 OPMAITITIMRM & [EEM DA
HATH L CTHERICET2 B2 6D Al & O OREE
DA ST,

3.6 F"—rDRFALICET S5

R DORFMEDTZD, v—Ly MEEDE R —
N K DA DOATREM A FRA LTS R, B D5
X RWER 2o T,

4. $&5

Ty NEEA EEIR TE DEDR— %
PIEL., BEREES 2RISR, ERER) DL ER 72
BEEMARE L 72 | FEBROBLL~DE 0 TREM: D R
Sz,

FEARIE, SRk 30 AR \WVIFEE 2 B C S THF98m
£ pp.8-14 ZMR)

100 Reports of the Toyama Industrial Technology R&D Center No.33 (2019)



=i

]

& LU PESE RIS E R T 2 > X — oS

%

Ne33 2019

TR 7 H31H

IR ESE RN R o 2 —
RHEEP - £ 0D bR Y 2 —
T 933-0981 &l i — M 150 #h
Tel. 0766 21 2121 Fax 0766 21 2402
TS T2 SE AT
T 939-1503 F T KO8T 35-1 &l
Tel. 0763 22 2141 Fax 0763 22 4604
Bk FE I Ze T
T 930-0866 & LitiEH 383 Zith
Tel. 076 433 5466 Fax 076 433 5472

IR PESERAN e > 2 —
HEE RS AR
T 933-0981 & fief i — T 150 Zkh
Tel. 0766 21 2121 Fax 0766 21 2402
http://www.itc.pref.toyama.jp/






