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Development and safety enhancement of a carrier robot

Toshiki Masuda*?, Akinori Sasaki*?, Yusuke Morita*

1)

., Masayuki Murakami*?, Kazuhiro Sakashita*?

Japan has problems with a declining birthrate and aging population and demand for life support robots has increased. We have

been conducting research and development on a “carrier robot” using a human tracking function and we have managed to

develop acarrier robot capable of carrying a 100kg load and overcoming steps with a height of 50 millimeters and slopes with an

inclination of 10 degrees. In this study, we will demonstrate the safety enhancement of the carrier robot through experiments to

reduce the impact of collisions using a bumper sensor and control the deceleration using a laser range finder.

F—T—F &, oAy b, 2N, LRF
Keywords: Carrier, Robot, Safety, Laser Range Finder
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Building a mobile robot navigation framework with RT-middleware
Akinori Sasaki*?, Takayuki Nakasho*?, Keiko Shiozawa*?, Kazuhiro Sakashita™Y,
Masayuki Murakami*®, Toshiki Masuda*", Yusuke Morita*?, Yusuke Kobayashi*?

This paper describes the development of a navigation framework for mobile robots. The navigation framework is designed for
a mobile robot base developed in TIRI. The framework is based on RT-middleware, which allows developers to make software
components interoperable among various computing platforms. Such interoperability makes it easy to perform prototyping

related to service robot applications.

F—DJ—FK: BE#oRy N, FEF—var, RTT KAy =7

Keywords : Mobile robots, Navigation, RT-middleware
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A study of the SPD separator configuration method for direct lightning strikes

Taiju Kurosawa

*1)

A SPD (Surge Protective Device) is used to protect a low voltage power supply circuit against lightning. However, it may fail
in a short circuited state due to deterioration of the SPD caused by repeated surges etc. Under the Japanese Industrial Standards
JISC5381, the installation of a SPD separator such as a circuit breaker or fuse etc. to separate the SPD from the power supply
system when the SPD is short circuited is stipulated. The role of the SPD separator is to ensure the lightning current does not
cause any damage. In the event that the SPD is degraded and a short circuit current flows from the power supply line to the
ground, it will quickly isolate the short circuit current. However, there is no ideal SPD separator for direct lightning strikes at the
present moment. In this study, by connecting a link fuse in series with the SPD separator, we aimed to resolve the problems faced

by a SPD separator for direct lightning strikes.
*—7J— K :SPD, MCCB, t=—X, &AL ILAEH
Keywords : SPD, MCCB, Fuse, Impulse current

1. [XL®IC

KEBREE OB MREICIT, F—UBhET A A (SPD'
Surge protective device) Za‘:@ﬁﬁ‘f%) — ) 72 @R SPD |
X, &Rk N 24 (MOV : Metal oxide varistor) %‘fﬁi
ﬁﬁ LTW5b, MOV (30K L OH—T 7 Bz X v et

SHARIE TR DA H D, 207, BATER
% JIS C5381-11:2014, -12:2014% @13, SPD (A #H# 2 SPD

EEFREN LY BT 7o DIZ B dEE L LT, SPD 4
Begs (FOARALERIgR O = — X%) ORBEELHEL TV 5,
X 1{Z SPD & SPD /y#feds o BAf%1 :ou\ff?“

EEMPBFHRICESE L TCE2EAIZIL, SPD & SPD 4y

) | Atk

SPD e

IS
Pt

RN =

QR

X 1. SPD & SPD 4yH#fgs

L VRK 26 4EE HAERFTE B
N BLE T

10

BRSO ENY, FERCTHET L2 2 LR EEREMEREI

KA @mu SPD Zyffegn D ENE SPD 3951k L& B
MIRNTZB AL, ELITER E@()lb’i’J_UTL)( K7z Lo
WEE<Z J:T&;é SPD Zrffarix, FA vV AER
i &A% SPD & [Fl%: uiwm&:ﬁb, SPD A3l L CHLHE
L7-BRITE, oI Eim 2l cx 5 Z L 3T
bb, £z, FHEEHO SPD HEERE, HoatkiEr -
7= SPD 4y #feds FH > SPD l::r—x(a)ﬁ)rhﬁﬁéﬂflﬂé L

L, EEREME, FAREZ SPD ArBERRASF(E L2, EA
UV A B E A B LT SPD 4 lfiﬁ RERETDHE, E
KERNKE 20, EEEREZERN X2, 70X

W92 E TR o TLE D fE (BT, #krAR
ARG AFTELCLE D 2L E D,

< R AT >

%0 —
| ]
25 t 1
1 i A 7 22
=20 (/ % SPD 47K 3e
£ \ \ LLreEo
%15 { SPD el E: | i
#10 X
AN
N
AN
5 x
\
0 $—¢
10 100 1000
EIL(A)
[X2. SPD & SPD 4rHfEds o e fE sk D il

B Z21E, SPD 43HfEgs & LT, 250 7 o X7 7 L— L4, TERE



L 125 A OECHR R 8% % 4 [ 0O 5 CHE 9% SPD 4y
B 1oL LTCGRATES O SPD 4Bl fs O fE i 2 [X]
2127”9, SPD ARG E 2 i 2 7o & b ik Sh
TWa, L2 L, SPD TiX 100 A 2% % X 5 7kt
DM T E =@, X 2 (2R T SPD OMET IR 2 FR
72 100 A~2000 A ORI AR W SEIRAFIE L TLE 9,
AWFZETIX, K 2 T3 HERTR AT & R 3 5 72012,
B T 28 & B OB - B S o & £ 2 —XO (2L
T, 2DOfl& b 2—X) ZEFNCEER LI-EE8EH SPD &
BEFRIZ OWTHET LT,

2. EE

2.1 Ea—RXDEAUNIILAERME  #HHoba—
RIZDNWTEA VSV AEBIRIFEDOERZIT o7, EHRIC
FEBREEZEEL, IS HETHEHELTWEZ T 1Y
(10/350 ps OEFEE) OEMIBEAEIEE S Az, B
B &KX 3 1ZRT,

Tek Prevu | [ S RIS

M

o s0.0V | M 100pus] A Ch1 7 4200V

(ftii:5 kA/iv - H5##:100 ps/div)
3. 20KkA EA /L R EBTEIE

=

(1) ZEBECE A LERBO~®%% 1, Bt
BEK 4 1", ERITEKBRORZR DB E 2 — O
EODEE 2 —=XTH L TIT- T,

# 1. b=a—2X0FEBE

v TEAA TEASEBIE(A)
[©) Al 60
) Ferl 100
® D& 30
@ D& 50
® DN E 60
® DN E 100

() #Mra—=x  (F) ooff&xba—x
4. FERECE

(2) RN FEBRRMEER 2, FRREIKZX 5 IR

Bulletin of TIRI, No.11, 2016

T, FibDO b =2 —XZxt L, TNENEA SV AERE 1
FEELE2—AX= LAY FORELZHRE LT, Ea—X
T LAY MBI NS TR KOEREZT DL 2—ADFE
A oYV AENE (LE) &L,

2. b a—AOEA )V AERE O RS

E A 75 21 (10/350 ps)
WEE (KA) | 5, 75, 10, 125, 15, 17.5, 20
TEERIEK 1A GaiRRE OREHZ@E)

FA LIV A
TR A A

5. bt a—RADEA 3L A BRI O FEER[EE

Ea—X

2.2 XRERICHT HEEFSE  SPD BEMKLZE
X, #fE L TN DB A FEERE 5, ERTIE, A
ET D EAMEBERELENRET 5720, RiiEBIER
AT 5,
(1) ZEBRECE
1To7,

£ITRTHEO~Ol >\ THBE

& 3. ZURAENI IS 2 MRV O SEBRERE) & SRS

HERE S | B (ERER) RFLE (A
® S} E (30 A) 65, 70, 80, 100
@ S} E (50 A) 100, 110, 120, 130
® DI} E (60 A) 125, 150, 170, 200
® S & (100 A) 250, 270, 300, 350
(2) ZEBRGMF KBTI E B EREE (A

YAMABISHI 7% MTS-15HRCX) Z i L7-, EBRSM:
EUCRIRER AR 3, ERREIKZK 6 177, #EO~O®
WZxt L, RIIR L RMER A @E L, #Wr9 5 £ TORE
4 E L7,

[
A2t AL AR

SOft&E
TR [HERSS

[ [
6. AU 2 MR 0 FE BR[N]

2.3 1BET S SPD B DOER A ALERER R A
EEE ] SPD /R & LTI 2 & X 2 WA AT ek
DB E D, —J7, DOfF& b 2 — XK CTHEEHH SPD
AYEERR L LTI 5121%, EAKER OB e R 44y
Thbd, TOD, EMAENERE SO EE 2 — XD
MEfAGbE, L EHEMEOE SPD /B2 Mt L
72

(1) 42% T2 SPD RO #2429 5 SPD 4H
MOBREL LIftEE £ 4, SMBEK 7 1RT, ERENE
i, WS TH DEEE N SPD ke SPD b 2 —X©



LRIEED 1I0KA & LT, SEIOEBRTIE, 250 7 X7 7 L—
LCERENR 125 A ORCHR N #8238 E L2729, TR
Wra 8o BT 2 LN TE T,

3 4. SPD ZrBfids @ﬁ%
BA VAR | EREERTE
10kA 2L 10 kA l;U:

23 100 A
5 D LIPS IE KT

RR4 % SPD 4y Hitss

(2) FA VA EhME  RETD SPD St
%4/wa mmg_owf%%%ﬁoto%%x#%
5, FEBREIH A X 81277,

K5 EA VOV AENRM RO EREAF
BILHI 25 A 1 (10/350 ps)
ﬁ%%?ft 20kA 1A
Wk 2 —1% (u, w—HE)
WEHO BlARHEWTRR D b Y > TR AT K DR,
TR A1k HARIC X % 9MEERR.

RETH
| sPD4ypfse

| m%%%%% |
|O®H%L1~f|

8. #2427 % SPD HMERRDE A v /UL A kil & D FBR A%

T LNV A

(3) FEVEEERE  RET D SPD hfEas O ERT
PERBIZ DWW T ERZ T o7c, EREZX 9 TR, ik
FEREEBELTZ100AZ U, W BRIZOWT 1B & I@EE
L JEMBTIRE ] 2 8 L7z,

RETD
| sPD 4ypkzs
]
AET =N
EIEE !
| owtrxea—x |
I
|

9. %Y 2% SPD SyBfEdn 0 B HIERTIERE D F2ERIAIEE

SURESLEE AT GE e o # —BFZEsss, 45 11 5, 2016 4F

3. R

3.1 Ea—XDEAUNNILRAERME  ABO~®D
FHA 2V AR RO R ERE R A K 6 1R T,

£ 6. FHA LUV REM R (10/350ps) 7 I E i 5

AERE 5 FESH B (KA)
@® Fe7(60 A) 5
@) #7100 A) 10
©) S} (30 A) 5
@ D& (50 A) 12.5
® DX (60 A) 17.5
® S )& (100 A) 20

BlZIX, EMEREOA ORI E 2 — XL OOff& b a—
REET DL, D2OMNEE2—XDHBK 3 EREDE
A VL AEMREE A LT 5

z60H, DOFEE2—X 0)%?4’ L A i
EMEROR U 2 — XL Wi T 25 &, DOff&Ee a—
ADFPRERFA VSV ABRMEEZBELTNDLZ LN
YOVIEVS

3.2 XRERICHT HEHFE OOffEbea—X0
HEETAEIE ORI EFEREZ R 7B L OX 10 1237, K10 5
100 A DEFEZ EHEF 0A DODfFE B 22— X3 0.9 #,
TEASEEDT 50A D DODfF & b o — X 12 B Tl L7,

R71. ODffxkE lwf@ﬁblu'%:‘bmlﬂ”g—éﬁ%%‘@@%%
it EIRAR I
o | SABEA o 15|15
v | SRR e[ o

15
3 —8— JEF%30A
J —e— JEH450A
[ \ —a— EH560A
2 \ \ —e— JEH4100A
£ o
\ \0
0

0 50 100 150 200 250 300 350
RV EN (A)

10. SO E b 2 — XOZFEBI KT 2 BRI DR 3

3.3 REJTHPDAOEEBROER  32WMERICHT D
HEWTRFERE RO, 124895 SPD s D ODfT & b a—

RILEMEIS0A & LT, BHA 7L AE i & B
Witk 2 & 8 [T 7, HA Vo VULVAERINEIL 1 b7z



10KA ThoT, EA 2 7L R EFEIBER ORI k2= D
EiEMER KO HRIC X 2 MR EIC BV T, FRICRRIT
PO LRI,

RURER 100 A OBERTEEFIZ U, w s HIZ 112 TH
olz, #4795 SPD SBERROMERIFFEL K 11 (2R, K
11 5, Bl AIERERIC ER B S0A OODff& B a2 —X
ZHEAERT 5 L, 100 A~200 A TiZ 10 Bii#%, 200 A~
2000 A TIZ 5 LT Tl C& 5 Z L ¥ b,

# 8. #E4T 5 SPD syffEsnd
FA 2OV A B & BRI O R R
Hic R A g OOffEEa—X |%‘2iﬁﬁﬁ~’r% (1 [a])| By EGE
AF 250/125 A EHEMS0A | 10kA (M) | 11.2 Py

SPD o> el il >< & b oo — KO > AL T =
. < D T /é A
e e — \ eLrrEn
25 E = 2R (125A) \ s
E —=—onfl&t2—2(50A) \
~ 20
FK_\ \
= 15 2R % SPD 4yHERR OO T R
# (BRI HERTEE & S E b 2 — )
= 10 ) X
£ Y =
A AN
5 X X
\
0 u!
10 100 1000
EIA)
X 11. 2T 5 SPD sy BEss MW
4, EE

DOt 2—XDFA V7OV ABRMEOFK R D, #HE
2 —RXLODfEL 2 —XDEA IV AENRM & % ik
T 5L, OO E L 2 — XIXEMKENEG 2.5 KA TT L A
vOMEER (K 4), 2l o — XL ERIERTE N 100 KA T
TL AV REIN=TLRTH B, K12 I12FEA OV AER
THM L7 E 2 — XD L Ay M erd, K120k 5
12, Bl 2— XD L Ay MINn=H RO 25T
WD ERSY TR LTz, ZHUEei b o — X o EfE
WEA NV ABFRICK L TCHIRE L0 TH D, £0D
R, 6 IRT LM 2 — X oDffE b 2—X
DEA 7V AEMEOBVRENTZ EEZ DD,

12. %Lk 2a— XL A |k

QR F BN D WRTEHEDORER DS, 520D SPD 43
HEgR DK 4 OHERZRTZ T X 5 220D & & 2 —XI3TAFHE

Bulletin of TIRI, No.11, 2016

L7ginole, & 4 ORI —FLIV2O0M & b a2 —X30E
BAEHRE0A DODITE B 2a— A Thotz, K10 05, ER
W 50 A DOV & &2 — X785 BT 5 £ TR
2 BIMOEERUIIKI 140A TH 2 Z L3 bn %, I, SPD
OUEWIPEREDS 100 A 225 150 A~ B3 % &, EAE I 50 A
DOWIE b 2 — A TRAIRT SPDYFERRIHR TX 5,
@HET % SPD SRR RS £, [0 2 17T 100 A
~2000 A & TOBEWA AT O EHEEIIE, S0 &t 2—
ATHBTH I LR TE, 2O LD CHEORNE D
&b 2—X%RETH LT, BHAERLSE L S
b 2 — XA THEK L7z SPD 4Bt OfRHEMED M LS ATEET &
%o

5. F&H

B HR B 2D O & b 2 — X% HLKR T SPD Jrffiss &
LTS D IR AR r R O FFER R & 72 5, 4],
Bl T2 & R OB - DT & b 2 — X & BHIC B
e B TN G 4 R A S I ol I 2T NI B b1 g 747 X B el
ZOMAEDRIZLY, DS SPD srffss 2 M3
HZLINTE,

4% SPD OPEREN M B35 &, X 21283 SPD O
WASEA Y, MR AR < 22 B, Bz X, SPD HE
T 200 A DG E N 2 MW T X U, EMEIR60A DD
fFEL2a—XERETDH, Z0L DR L 5D
fH& b a—RX&MBE DT SPD SBEROMEREE, HA >
SNV AEFRIEA 15 KA 1R, FEAEEFT L 200 A~2000 A
OFFHT5 BLNICER TX, X {E#EM%EDE SPD 4y
ZEVRERLTE D Z LT D,

481 100 A DEFRZ 5 B LANICHERT9- 2 SPD /B ssIX
BTN, KRRV 100 A~200 A DEREER %
10 #i#4, 200 A~2000 A £ CORKEETTZ 5 B LANICIERT
9% SPD sy HfE#s A HERL T & 7o, HBE A SPD rfEsR C 1T
LR O 1oL LT, EMRAENI L oOff&E e a—
R Hefst Uiz SPD e 2 1R E T D, 414 bkt L C SPD
& SPD SrffEss DRI A AT L T <,

(PR 28 427 A 11 HEA+, FR284E 7 A 26 HFAT)

X 3

(1) IS C 5381-11 5014 IESERLE S 2 T LT HeEfE T D ARIEH — DG
T NA A DERMERE K ORI 15

(2) JIS C 5381-12 5014 (K EELE > A T M 9 D — VBT R
A A DEETE K UV A 4E

@) BB v a—vF F—b—Y Fra—T Rl
BIRIEEA T THEEA~HHANIZ L % SPD & SPD JrHfEs
http://www.sankosha.co.jp/products/lightning/spd_power/BF3_p_201
50319.pdf 2016.6.22 %

(4) BT IEMBINIE B RC-4502  KET— UB#ET /A 2
FAHfERS SPD 4y Hfige b = — X(SFD) DR E & Ol I JEHE 2013
F12 A

(5) JIS C 8313016 PR SOOI & E 2 —X

(6) JIS C 8319015 AR L 2 —X



SURESLEE AT GE e o # —BFZEsss, 45 11 5, 2016 4F

0 TSI 2 FEE T ) D RFAM 75 1%

ikt Y, KiE B

Evaluation method of the friction force in deep drawing

Kenta Nakamura™*?, Yusuke Mizugaki

*2)

From the view point of environmental protection and industrial safety-and-health, chlorine-free type lubricants was developed
and used for deep drawing. The friction force between tools and blank is an important parameter for developing new lubricants
and new lubrication systems. In general, the friction force is determined with the mold used in product line. However, the results
from such an evaluation only serve to indicate whether deep drawing using a new lubricants or lubrication systems is possible or
not. Therefore, a way to measure the friction force without requiring a new measuring instrument was proposed. The friction
force can be determined by making use of a full-lubrication condition. A full-lubrication condition on the die tool surface was
made by a polyethylene sheet and a lubricant. Using this measuring method, the friction force between the die tool and the blank
can be measured. In addition, it was found that the friction force between die-flange part as well as die-radius part can be
determined separately. Moreover, the study also suggested the possibility of evaluating the changes in the friction force due to

adhesion using this method.

F—T— R BROINT, BEES, WAL, AT AR

Keywords : Deep drawing, Friction force, Lubricants, Stainless steel sheets
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Inhibition mechanism of hydrogen evolution reaction in the nickel citrate electroplating
Tadashi Doi* "

In response to the strict regulations on the discharge of boron that have been established for environmental protection in Japan,
the authors developed a new nickel electroplating bath known as a “citrate bath” using citric acid instead of boric acid in the
Watts bath. The citrate bath offers an excellent, practical and more environmentally friendly plating method in decorative and
anti-corrosion applications. The citrate bath exhibits the same level of cathode current efficiency and pH buffering capacity of the
bath as the Watts bath. To clarify the acting mechanism of the hydrogen evolution reaction in the citrate bath, we investigated the
relationship between the electroplating properties and the form and existing state of the complexes formed with the nickel ions
using citric acid and acetic acid. These results indicate that abundant nickel ions are present in the citrate bath and that nickel
electrodepositing from the nickel citrate complexes is carried out. The results also suggest the possibility that the citrate bath
results in inhibition of the hydrogen evolution reaction, resulting in a high cathode current efficiency and excellent pH buffering

capacity of the bath.

F—T—R: 72U, BR=vITNDoE, JZUB=y N0 &R, KBERERIER, 7xoB=y 7Lk
Keywords : Citric acid, Nickel electroplating, Nickel citrate electroplating bath, Hydrogen evolution reaction, Nickel citrate complexes
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Required conditions for the fabrication of collagen gels comprising aligned collagen fibrils using
shear stress

Hirosuke Hatayama*®,  Shunji Yunoki*?,
Eiji Kondo*?,

Kazunori Yasuda

Mizue Ebisawa*?, Yoshimi Ohyabu*?,

#3)

Shear stress to collagen sols is useful for fabricating aligned collagen fibrils, but the fibrils are thinly deposited on hard
substrates and do not form three-dimensional constructs. In this paper, we report required conditions for undestructive production
of thick collagen gel constructs comprising uniaxially aligned fibrils. The fabrication method using a rheometer involved
application of rotary shearing to dense collagen sols and warming the sols from 23°C to 37°C to trigger gelation upon rotation.
When the collagen fibril formation slowly occurred in a neutral phosphate buffer (1xNPB) of which the ionic strength was
similar to that of PBS, the shearing during collagen fibril formation resulted in slurry of fibrils (i.e. destructed collagen gel). The
acceleration of collagen fibril formation by increased concentrations of NPB allowed for undestructive fabrication of collagen
gels between the parallel sensors of the rheometer. The fibril alignment was determined only in 20 s at the early stage of the rapid
gelation, producing undestructed collagen gels comprising uniaxially aligned fibrils. In contrast, rotary shearing to dense collagen
sols before gelation had little effect on collagen fibril alignment. We have revealed the shearing conditions for creating collagen
gels of uniaxially aligned fibrils undestructively: rapid fibril formation during shearing.

F—0—F B2 T =7 R, SRR, UG, MRS

Keywords : Aligned collagen fibrils, Fibril formation, Shear stress, Cell scaffold
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Three-dimensional cell culture using fabrication of high-density collagen fibril matrix gels
by renaturation of triple-helix collagen from gelatin

Yoshimi Ohyabu*Y,  Hirosuke Hatayama*?,

Masataka Ida*?,  Shunji Yunoki*?,

Yosuke Hiraoka*?

Fibril formation of collagen is frequently used for encapsulating cells and 3D cell culture, but the weak mechanical properties

of collagen fibrillar gel limits its use in regenerative medicine. To improve the mechanical properties by increasing the density of

the collagen gel, we have developed a novel method for creating high-density collagen gels by renaturing denatured collagen.

Pepsin- digestion collagen was denatured gently to avoid cleavage of the molecules to produce uncleaved gelatin (UCG). UCG

having a denatured collagen triple-helix structure exhibited a more rapid and efficient renaturation of the triple-helix structure

than cleaved gelatin (CG) over a broad range of temperature settings. The UCG solution formed an opaque gel having
high-density reconstituted collagen fibrils at 28-32°C and a transparent gel similar to CG at <25°C. The unique gelation
properties of UCG enabled the encapsulation of cultured cells by CFM with a high cell viability even at a high concentration
(>5%) and high elasticity (1.28 + 0.15 kPa at 5% and 4.82 + 0.38 kPa at 8%). The elastic modulus was higher than that of
conventional CFM containing 0.5% collagen. High-strength CFM may provide more durable hydrogels for tissue engineering and

regenerative medicine.

F—J—FK:aT7—Fr, BT, 3IEIBIEHE, BME 3 RocilinssE

Keywords : Collagen, Gelatin, Renaturation of triple-helix, Fibril, Three-dimensional cell culture
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20 mm OWATEARE Y —F O TS IHlEE— R (1 Pa
O—EEABIGS) TR L Hz ofvMEBI &2 5 2 7o & &
O GCHEMEL, B =700 28i<-%, L
oY= IV RR=R—=Z B0 T THEH L7, G
AT REVEREI CHE SN2 iEE VT, E=3xG L vk
F (E) &Rk,

2.4 UCG#IDSEMEE  UCG 7 LVNEEDF /A7
— VK E A EAME T BMEE (SEM) %EiE Miniscope®
TM3000 (H ZBUERTREASHR) 2 VW C#igi L7, UCG
TN TIVELT VT E RICE Y EEL, Mk ARKT
Wik L, t= 7F AT — LICEHR L CHSTR L, #
D%, AN EBHSE, AuRER, MEEE 15kV 12
THIE LT,

2.5 ARALZEERNE UCGHaT—~rbEAlIE
28 %, JASCO J-725 spectrometer ( A Ay ek ttid) %
FAW7= e —aMEREIC L VMt Lz, Yo7 v % 500
uM U BT B U T ARERR (pH 7.0) 1KY 0.0667%IZ A
RUT=#4, 50°C IR L CRES =Xy ML, fRiE
SNTEENICRE L, UTORETa 774 1ICXD
HE L=,

(1)  ®WEEE  37°C 75 10°C (IS EL#EE-1.2°C /min
THHEL, 21nm o —7 HE3EbxE=F— LT,

(2) ERBPE  50°C 75 30 °C IZAELEEE-10°C /min
THAEAIL, 221 nm O — 27 & &2 k% 120 min E=4%— L
72

2.6 HMRAAERER  UCG ~/Laig oA FRE 5t
HIL, UCG 7 /VaHEED IR EEME A 37N L7z, B0
S o0 R BE R AR UBEGT-7 %, MMy Eiic L v [N L
7%, BEWEBE L L2 UCG KIBRICHE L7, UCG



DPEFEIT 5% LT 8% & L, MMM 2.6 x 10° cells/ml
L L7z, Mifad UCG OIREHK A MfuksE I L T, 18
h, 30°C IZHHE L CHAHEIGRR L7=1%, 37°C T1 B X3 A
MR L7z, 1% =277 —F% - 02% k) S A et
A —ZE D P EEEL TR Z RN L, KISl
720 DU ST Y a g A AN SO S RN 2 T, i
ERFHFAE A O TR < Qe S SEHIIE & Rt oo A
ZEEIL, MpaAfFRERDT,

3. R

3.1 UCGM#iE UCG 3 L' CC OEXIKEN /& —
R 21RT, aT7—FrDoal, 2BLOBEDOLSTET
7% 140, 125 35 L1250 kDa D3> RO, UCG Dk E) <
=R T& =, —J, CGC TIRay—~FricREsh
DL RBRTRHKETH Y, 140kDa L 0 b0 FEN/NHNINHA

VRS EBEINT, s 6000 .
= 5000
@]
= 4000
kDa 2 e
y-chain § 3000 [
300 £
250 fi-chain o 2000 .
180 g 1000 } 20°C / 28°Q
w
L a—chain 0
0 2 4 6 8 10 12
100 Time /h
o 6000 o -
" = 5000
50 o
E 4000
2. SDS-PAGE (2 X % UCG B LN CG D4yF44 2 § 3000 }+
: = : N £ | . i ,
3.2 UCG O7)Lit- BBOERERME  UCG 07k o 2000 25°C_ og°c 30°C
s L ORI B 4 X 3 12k T, 50°C TY LIREE (G < £ 1000 2 Zm/ﬂ"azo
G”) Th 7= UCG KIFIZI 35°C f1r CRIM 7 G % )

KL, GOMEIXG Zixlz, 20°CLATF TIXG 728 10° Pa %
A DN IVEK LT, UCG @ Tg X 22.7+0.4°C, Tm
1334.9+0.2°C &FHAI & 417z, —J7. CG @ Tg i 18.7+0.2°C,
Tm i 31.3£0.1°C TH Y, UCG ITHE_TWFH 15 4°C K
no T,

s —
£ g — &
= =
é 10! 2
£ 10° E
B &
g 10 2
‘0.2 w
109
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Temperature { "C Temperature / *C
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@ qg2 LU
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3.3 FTILHHICRIZTEENEE HEICLHIET
F U KIERD G DELEK 4128F, UCGRBIUCG DY
HHIZEBWTH GOINT 4°C T AHIZAEL, BEN
ELRDITE b G OEINEE XD Lz, CG D G'iX
25 CUETRIFEAELARET, FUbiZEL o T,
—J7, UGC ® G’ OHINEE F 25°C T& %, CG ? 20°C I
B HEIEE L bEo7z, UCG @ GiE 28, 30 B L
TR32°C THI2 h & Dy DAL N B L1 TH b L7273,
37°C Tld&< LR LA -7z, 2D X 51T, UGCIECG &
DEWIRE T AL LTz, REREIZS T T, UCG F it
B EIIIARBW M E R L7z (X 4c), 25°C LAFTA
B Z AL T2 UCG # UL CG # L & [RRRICEH Th > 72
2, 28°C LU ETIH=a 7 =7 U BMESNVICEBI L B &
L7,

0 2 4 6 8 10 12
Time /h

4, ZIREREICE TS CG (a) BLVUCG (h) D7 Az
L FDFNDIME (¢ 727 MBI 4 °C, 457:30 °C) 12

3. 4 SEM ICKB#RH#EE  30°C THE L REH R
UCG 7 /VINEBHEE > SEM Bl /E R4 X ba lorvd, =27 —
TUIKYEIRD DR L 7R L (K 5e) & AR 7o
v NT—I BR6NT-, —JF, 4°C TiE L7=iEH 72 UCG
VNG T, BERE I -2 Ro o7z (K
5b).,

e

5. SEM #8124 30°C T4/ /UL L 72 5% UCG 7/ (a), 4°C T
TAL L7 5% UCG 7V (b) BXLTN05% =27 —5 s v



3.5 UCG DEZELFABEDEE  FEIREIC 120
min £ L 72358 0¥ 7 F L KIEKRD CD A7 ML %X 6
(2789, UCG BLUCGC DWW EREIRENMEVIT L,
a5 —HF U DZELEAMEICHAD 221 nm or—r @
L Ro 723, UCGDE—27 E EI1X CG LV bEhoTz,
30°C {ZfRFF L7= UCG B L TNCG D CD A7 kL DIREEIZE
{LEX 712779, UCG TIZ60min b E—27 RA 60
120 min IZIT S SIZE< 2oz, RHRAGIZ, CG TIEmsR
DEBLTCHE—Z IR T,

3.6 UCGC alffilan&ERFE  UCG yicaiishi
MO ATTFREZFK 112”77, 5% UCG (2 S vz flfeic b
VR T N —THE REIN DML b ol
EIFRD DT R IE 8% UCG FLicaisn/-1HA
ORI L BTz,

20 a
| —100C
15 —25%C

m——37°C

Ellipticity / mdeg
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T L )
o ;Mo ;o ;o 0o

Bt e
S o dhhowo
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X 6. HHENEEIZ L D CG (@) BLTUCG (b) @ CD A~ 42

20 20
5 12 =0 min 5 L b =0 min
—— 60 min & —— B0 min
g‘ 10 —==-120min g 10 ===+120min
=
E 5 E 5}
=0 =z 0
5 8
55 £
o -10 f o -10 |
-15 | 15
20 -20

200 210 220 230 240 250
Wavelength / nm

[% 7.30°C CORRERREIZE 2 CG (a) BXOUCG (b) @
CD %~/ kW2

200 210 220 230 240 250
Wavelength / nm

# 1. UCG 7 /A S N0 7R & Z bk @2

4 ILOFELE HERE (%) DL (%) B (kPa)
18 38
UCG 8 92+9 100 4.82 = 0.32
UCG 5 100 100 1.28 = 0.15
Collagen 0.5 - - 0.38 = 0.08
3.7 ffaEBEIhi UCG #IILmiEEE  MilazHAuv

TR Z L akrE, Ml & m—Frk T Lz
TN DEMEREZR LIRT, dRE LT, 1EED 0.5%= 7
— 7 RHE T L OFPEER G IE LTz, UCG 7V DRI,
AT =T TV LD BB IS m o T,

4., EE

AW T, =R AL Fa s e L TAEYT
WCENT- B E2 R a T — 7 U AL OmmENMRNE WV S Y
BIZE DA, 37— U R Vi a 7 — 7 KRR

SURESLEE AT GE e o # —BFZEsss, 45 11 5, 2016 4F

MHEREIND, 27 =7 U KERORE Z &) bt
FNOME R ET 52 ENER EIXRETH DI, 2T
— 7 U IRESE T 2%i0% TIREMEE TR L, HilREh
TN5a 7=V IKEROBREILEL TH 1% Th D, 22
T, a7 URERRODLFIELITE ST e —F 0
KON, Fexix, UCGC DES 2 >OMEICER LT -
BT F U LFABRIZUCG b 2 7 — 7V AKIEIRIZ R TRIELIC
BV ZR9 2 &, BIOUCG 132 7 — 7 ik Ot
WREEHECE DL, I SO EE AR DY,
BERIZINT T a—FIC kD a T — UBHES LD S
b - EsRE LA KB L7z,

T UNERELTETF b &, BRIRER T
VE DAL NSEEEEACT D720, FEENSKIBICE T
%, REIZBIT D 05%= T —4 L KK D G 10°Pa T
H DD, FRIKRED UCG /KA TIL, 5% & W) Ml T X
% G71X 10 'Pax FlEIY, FEMEICE T, Lo, M
fd% 5%D UCG IZHMT 2 Z ERFSHTHY, TOFE
UCG Z ML~ E AT TE UL, 5%D 27— 7 i~ b
U w7 AN A SR ERID B9 2 R TE
Do PLERa T =5 @B Eb~DF 2 ORI T 7 a—
FTHDHN, WEOETF o TIEFERTER2, BHEFEOEY
F I RIFFIZE T 5 CO) ITIEMMEb~BIT 9 2R
FEAERNTEOHTH D,

UCG & CG M#HHLICATT 2B OEWE, 00T
WEICHKNN S D, SDS-PAGE D /8% — U R T L 91T,
UCG (i3 a SH R 7o T2 sd, ZH ¥ AMEOFAEREN
H<, TS U BRSO TR KRR 5 L0, — T, K
DTELINZETF L THDHCCIFaT—F L DO=EDL
AR & BRI ITEET B OO0 o SR X 0 F/E
REAME < OISV 2 BN 2 E R E ST,

UCG DMHMEALICITIAMEZRIREEREMENR B V), 28~32°C 1T
BWTOBMES NV ETCRT H—F, 25°C LLT TILiEH o
BIF o LRBERBRHR SN E o Tz, ZOMKT AEE
1%, 27— O E BT F 0 b ARIEDORER
HFHEOBENTHHATE 2, SRS TEOEARENENK
i, 27 —7 OBHALITTERTHD Z EBNMB T
%, UCG 1L 2h DA ¥ — SV R T-F4 IS HRk 2 ITRRME(E~ &
BITLIEEB 20N, —F, KRR TIIESFrond
AEEDNEFITHE Z 0 RN LT A R, 25 —4
Y OMMALITTINZ ERI SN TWD, AlEOER T
UCG JEFEN 5% & - 72728, KRk Tk CG o 7 ikt
FEIREICRRHE L~ E BITETICEDE LTI~ Eoz L
Ez bz,

UCG KIFTE DS HAME(L 9~ 2 IR FE I IT AR & > CIRAnZRiE
EThY, Fxix, UCG OMMLIZHILA L{FEH, UCG
BRAME 7 N K BHIRAIE AT 7, UCG Wl OMIIEIR BN
MEDS T2 Z LI >OEEPSH D EEZTND - O
KD 2T —5 L IKEEIR TR e MRMETE R A 8 1T B 7= 1
K LT AKESIRIC I 2 1R A% A%, UCG 1% 30°C TIRA L
THHETERICBATT D, Z D7, UCG DABRIEEITIREE



BALDINE < HE~DORIN DR T, @37°CICBIT5
5% UCG /KIER DEEIL 2 mPa s &b TIELS (0.3% = &
— 7 VI TCIE 64 mPar s), AKVEIRIC AR 2 4y Bk 5 a R
TR W THIMEOK UCG /KIEIE DS~ A FE D 72
WV, TR T oODRHEND, 3 HE OO &R
NEohzEEx b,

UCG 7V L LT, BRI (37°C) TOZREM N
T4 TRV LIz, UCG KRN O HE -2
— 7 R ORISR I TS RIRE (37°C) CTRONT R L
L7220, BER OIS L0 thx ICi{b3 5 Z & boo
72o UCGIZIZET FUICHLUT 0T b EENTEY, €
T F U NHERT 2 2B S TRl 72 oy CHERR T 2
722, UCGIZEEND T a-, B-, yv-HBLOFY I+
—HE I ORI AL L OV AL~ DREEZ T L2 T ik
ASYANAN

5. F¥&&

Fox i, mRED UCG KEIKZ AW BE - mohE =
T — 7 RN R e S ORI A2 B LTz, A
ECHIRATFRZ SR T 22 7 — 7 ViR N1 R
FE, ZIRTEEEE AL & LTSI E N I R E
T I T = L OME— DR ST S B IRIRE & R D
T2 DOEBAN IR T L—7 ZA— LD, RIFFEETHIE SN
TR T — VMR S VY, FAEERE D L LT
Z<OfEERATE S LW END, vB, KinXDOK
BT PD 0 blsE S 72 b O TH Y, KBFFEOFEM S
FlikEhTna,

EifGa
AHFFEE, R 23-26 4R ISPS BHiFE: 23791678 D iE
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Tt S iz,
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Cell-sheet transportation system using a gelatin with improved gelation temperature as a cell
protection material

Hirosuke Hatayama*®,  Shunji Yunoki*V , *2)

Yoshimi Ohyabu*? ,  Masataka Ida*?, Yosuke Hiraoka

Regenerative medicine using living cells frequently employs “cell-sheet engineering”, which fabricates cell monolayer for
transplantation. When the cell monolayers are transported among facilities, the quality of the cells degrades easily due to shear
stress. To address this issue, we fabricated a gelatin (HTG) with a gelation temperature (Tg) that is much higher than that of
previous gelatins, and developed a novel cell-sheet transplantation system using HTG as a cell protection material. In order to
achieve protection using this HTG gel, this system allows cell-sheets to be collected by injecting HTG gel heated to 37 °C onto
the cell-sheets from the top, transporting the cell-sheets without temperature control, and then dissolving the HTG gel at 37 °C.
Using this method, cell-sheets containing NIH3T3 cells could be collected with a cell survival rate in excess of 90%. In contrast,
a control experiment using a commercially available gelatin with a lower Tg failed to protect the cell-sheets because of a failure

in preventing the cell-sheets from being detached from the dish before the gelation of the gelatin sol. The cell sheet transportation

system using HTG is a promising system for establishing regenerative medicine.

F—O—F:BTF, Hlalms
Keywords : Gelatin, Cell transportation
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TV WTENBEE L, R0y — &%
OFFMET D E, BERFICHEPREIL Ty =T7 A ML
2 EANBICE %, FKROSE - BAEASE 2 5.,

WISEREBIRE N 27CE T b b L, HEMD M —
MAHBEL TREMET T 5, LoT, BRNLERKRT
FEITRATE 22y, BURTIEBUE RIREEF O b &Rk
RETHIE SN TWADS, BAEROY KIS Tk %
DfFEEARLS KD BTV,

2 THalE, FUTHIK Y — b2 L T ERIC Y
— b EHEZ, V2T ANLARLRHBEOREEY FRET S5
EEFRE LT, K 1LITRT X512 30°C THIVEAL L CTHE
fas — R L, BERRES R KR THRX% LD
B, AR 37°C £ THIRT 2 L @0ICHAE L, Miaz
BREBEIZEWNT D N TEX LRI FoRnbiuL, @i
BONCLE L THIIY — M 2Bk T& 5 L Raix T,
WEAEDY T F D7 NIRRT 23°C (i TH VO, Hifas
— b OWFEIZIXE X e, AR TIE, FUBIRE Tg 27
WAICE D78 T F > HTG ZBA%E L, HTG % HlV CHEle s
— FEAEHELUTHIREZHREL, MWATREMER LIS E
T C& 5 AREMER L L7,

2. EERAE

2.1 M#  HTG OB LFEICIE, 7X#ik=aT7—7
VKRR COTHE 7 F okt i, pH3 AR, i
£ 0.3 %), beMatrix gelatin LS-H (FHE T F &t
), BEOY CEEEEAFRREK (Dulbecco’s PBS) il
%7 L (Sigma-Aldrich Co.#, D-PBS) %M\ 7=, #H
RARFFIT 1T~ 7 R B RGRAE AR NIH3T3 (BRALZEFJERAT /S
A F ) =R 2—, RCB2726), {+7 il (MP
Biomedicals LLC #, CELLect®, CS), Dulbecco’s Modified
Eagle’s Medium (Sigma-Aldrich Co. 5, DMEM), ¥ X Ol
43t (Life Technology Co.84, 0.25% kU "), #ifis
— MEI RSB AR R ML (Lo — RS,
UpCell®) ¥3 O 35 mm #lfak52£ M (Corning Inc.#4) 0.5% h
VR TN—Yetbif (FH 747 A7 ) 2/
77

2.2 B FaPBELICHESREY T T Ok
O FNT, 7 kH R = T — 7 L KRR OB LY
Tg DF 705 HTG 2 HliE L7z, D-PBS ZIAME & LRI 5%
D HTG KiEik AR L, KEIEFRICM L7z, WHETF
1% beMatrix gelatin LS-H % D-PBS [ZAfif L C, #RE 1~5%
AR L7z,

2.3 £ F U OYEET

(1) SRPESRHEE I L OME R SR A 0 el R TR
i® (Thermo Fisher Scientificinc.#, HAAKE MARS IlI) % H
WTT L OB A IE LTz, 40°C TRlfE L7 LHEZ 5
VIKEEHR 2 ml & 35 mm ARSI AN 2 T, 4°C T 1 K¢fH]
FLEETDB, 23°C T 1 REE L, =IEICT, N
& 20 mm ONATEARE > —% O TS D fiIlEE — K (1 Pa
O—EFAWIIET) TRMEE 1 Hz O MER % 5 % 7= KD
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PP (G 2 WE LT, B —E il 2 <7
O, B =Ty R—= =% 00 TR L
7=

ARV E 2 B L 72k, BT F o LT
FRBR A I L7, VMRS Ao TR 900 AL L, v
DRAENEC D0 E D nERGE Uiz, SiFREN 55
e G L ERBBRAE R A R L, RENE TRV TRD G
BIRE LT,

(2) ZOALREAIE BRI E 2 E 2 O C
HTG @ 7 /ALK 2 J7E L7z, 60°C THlifi L7= 5%HTG 7K
R 3ml %7 2} && ¥ — (DCBO/LTi, N 60 mm, =
— AEE 1Y) ICRE L, ME(-1.2°C /min) L T—EDIREIC
FHE L72Db, G'2% 30 min 212 50 Pa & 73 2 ¥REE % Tg-max
L7,

(3) WELTROFVAZER  MlaEk L2 8E LR
E7a 77 ANMILED HTG O G OELEHIE L, oW
—BIOHTG O¥iEx 2.3 (2) LRMEE L, K
D 4 BFEOIREFET, GEHE Lk, O50°C 7 b 37°C
[/ A (-1.2°C /min) LT 10 min #& L 7=, @37°C 1254
YT NDFNMEIREICHE (1.2 °C /min) L T 60 min &
B L7, @F Vv T DT NVARED  23°CICHmAN (-1.2°C
/min) L 60 43MI#E L7, @23°C 75 37°C IZIMi (1.2°C
/min) L 60 min A& L 7=,

2.4 HTG ZRW-HMREEEOEMMERE  Mias—
% HTG TE L T=IR TOMAERROBIEE & MiamEI s o
AFREERL, HTG & AW 72 ARl 25 O THEM: 2 3140 L
72 UpCell® T~ U A KRMESERING NIH/3T3 A2 A —/"—= 7
Ny NI B E DI LTI — M A/ERLL, 37°C
TRbE L 7= HTG KRG % D-PBS TH4 L=l — Mo
Z, 30°C DYV —F7FL—h LTI ETE L, 7
JALER ORI — FORRE B TRIEL, v — M2
BELRAWZ L Z2MER L, FVbE% B L 23°CicT7 H
M#E L=tk OMIEESZ, BISIBME (4 ) > 32X
S, IX53) AW THEIZ L,

Z D%, 37°C T HTG Z @l ¢ ThR#EL, D-PBS THE
H LT, MRS ERAINAZ T, BT CHEEZ MR LD
L, BEEKENZTOBSERZ, NI AU I —R @ik %
ARy kIS BN 2 <, mERFREBE RO THF Qe S
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Output estimation for multi-dimensional nonlinear sensors
using support vector regression

Chisato Murakami

Yasuaki Kaneda

*1)

Sensor principle modeling and stochastic modeling are known mathematical approaches used in estimating outputs of a sensor.
These models can express sensor characteristics well. However, a modeling precision of the sensor principle model is subject to

constraints depending on the number of observable physical quantities. On the other hand, the stochastic approach allows models
to be constructed with only input and output information in an assembled sensor without facing such constraints. In this study, we
investigated accuracies of output estimations using a stochastic model. Support vector regression (SVR), which is a powerful tool

used for nonlinear regression, was used as the stochastic model. A multi-dimensional nonlinear displacement sensor with four
degrees of freedom was used as a case study for the sensor output estimation.

Average full-scale errors in the output estimation were 2.42% and 4.59% using SVR and the sensor principle model,
respectively. In evaluating the full-scale errors, we verified that SVR is a better technique for estimating the output of a

multi-dimensional nonlinear sensor.
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Keywords : Capacitive sensors, Displacement measurement, Parameter estimation, Support vector regression, Multi-dimensional nonlinear sensor
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Development of a void measuring method from 3D images

Norihiro Ohira*?,

Shinichi Tomiyama

*2)

Voids in materials and industrial products are important from the perspective of quality management and performance

management. In this paper, we developed a non-destructive image processing method that can measure voids using X-ray
computed tomography equipment. A newly-developed 3D labeling technique with a memory saving and high speed processing
performance was used. In the experiment, we took measurements of the voids in the solder on circuit boards, confirming that it is

possible to calculate the voids using one-twentieth of the memory space compared with the conventional method.

F—J—F  XHRCT, 2k, 7Y 7, HEGLHE

Keywords : X-ray computed tomography, Void, Labeling, Image processing
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Accuracy improvement by correcting 3D data in laser sintering AM technologies

*1)

Ryuichi Kobayashi*~, Seiji Koganei*™, Yuki Yamauchi

*1) *1)

Plastic parts built by Additive Manufacturing (AM) technologies contribute to an acceleration of the product development
process. This is because AM allows 3D objects to be obtained from 3D CAD data directly and quickly compared to traditional
methods. However, parts built by AM face problems such as accuracy etc. In this study, we focused on a method of feeding back

the first prototype information to the next prototype so as to improve its accuracy. A box shape with an opening was first built
using laser sintering and then shape data of the box was obtained using a 3D digitizer. The shape data was compared to the CAD
data and the deformation causes were estimated based on the comparison results. These are then expressed as boundary

conditions in a simulation using the finite element method. Moreover, a corrected shape was generated by inverting the boundary

conditions. Using this method, we managed to suppress deformation by modeling the corrected shape.

F—T— R :3D 7V o x—, HINEEE, BRBER, T—2MIE, 74— Ry 7, FIRERE
Keywords : 3D printer, Additive manufacturing, Laser sintering, Data correction, Feedback, Finite element method
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Construction of condition database for model shapes used in metal additive manufacturing
Kengo Fujimaki*Y, Yokoyama Yukio*?, Koganei Seiji*?, Chiba Hiroyuki*?, Okubo Satoshi*®

Metal AM (Additive Manufacturing) using metal powder as a raw material can produce prototype parts of a higher strength
compared to conventional AM using plastic materials. A drop in the quality of a part shape manufactured by metal AM is caused
by three major factors - collapse of overhanging shapes, warping of thin shapes, and impact of the support piece for securing the
manufacturing part to the build plate. Metal AM is a relatively new technology and know-how for practical use is still lacking. In
this paper, we built a database for the manufacturing quality of model shapes produced using metal AM. In the experiments, we
used a powder bed fusion metal AM system that uses the stainless steel metal powder 17-4PH (equivalent to JIS SUS630). The
research results of this paper serve to advance the quality and reliability of manufacturing services using metal AM.

F—TJ— K PNEE, &8 3D Y ¥ —, BMRKERRE S, AT VA, EEGE
Keywords : Additive manufacturing, Metal 3D printer, Powder bed fusion, Stainless steel, Manufacturing quality
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Nitrogen-doped hollow carbon nanoparticles as oxygen reduction electrocatalysts for fuel

Naoki Tachibana*?, Saori Ikeda*?,

Yasuyuki Yukawa

%3) *4)

Masahiro Kawaguchi

Fuel cells and metal-air batteries have attracted the attention of many researchers because of their superior power storage

capacity. Rare metal nanoparticles supported on carbon black have long been regarded as excellent catalysts for the oxygen

reduction reaction (ORR) at air electrodes in the fuel cells and metal—air batteries. However, rare metals are expensive materials
and limited resources. In this study, nitrogen-doped carbon was prepared by pyrolyzing a mixture of the commercial carbon black
and cyanamide used as a nitrogen source. The synthesized nitrogen-doped carbon catalyst with a large surface area consists of

macro-, meso- and microporous structures, which can be made to achieve gas supplying and maximize the power density. Gas
diffusion electrode (GDE) using the nitrogen-doped carbon catalyst shows significantly improved ORR activity. The current
density for the GDE using the nitrogen-doped carbon catalyst at -65 mV obtained from a steady-state polarization curve was

~100-fold higher than that using non-treated carbon.

XF—D— R BRN—T IR, BEEM, SRZEXER, BEETAE, A1 T ) —
Keywords : Nitrogen-doped carbon, Fuel cell, Metal-air battery, Oxygen reduction catalyst, Metal free
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Design concept using structural analysis
Akinari Ueno*Y, Reiko Kakusaka*?, Tomoko Hamano*®

Topological optimization (phase optimization) in structural analysis can indicate the optimal material layout by applying

conditions such as material and load etc. in the given design domain. Usually, a topological optimization function is used to study

how to maximize rigidity and minimize mass in structural design, but in this study, topological optimization is used in the initial

stage of shape study during product design to study techniques on designing structurally suitable shapes with a high aesthetic

beauty while deriving ideas on new shapes.

A “chair” requiring aesthetic beauty and strength, which is a typical theme in product design, was adopted as a design theme in

the development.

F—I— R WEERAT, e bT VAL, PR Y-, (iR

Keywords : Structural analysis, Concept design, Topology, Topological optimization
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Synthesis of a metal ion adsorbent using banana fibers
and its rare metal ions adsorption properties
Tetsuto Kajiyama® '’ , Jun Inoue* '’ , Toru Yoshino* 2’

The synthesis of metal ion adsorbents using modified banana fibers having a Schiff base as a base material was investigated. In
addition, the metal ion adsorption properties of the derived adsorbent were evaluated. Banana fibers (BF)-g-(glycidyl
methacrylate)(GMA)(BF-GMA) were synthesized. A Schiff base derivative, 2-2’-{iminobis[ethane-2,1-diylnitrilo(E)methylidine]}
bisphenol, was synthesized by the reaction of diethylenetriamine with 5-bromo-salicyialdehyde in methanol. A metal ion
adsorbent (BF-GMA(Br)) was synthesized by the reaction of the Schiff base derivative with BF-GMA. Over 90 % of all the
metal ions (La®, Gd*, Tm®*, Pr¥*, Tb®*, Yb®*, Nd**, Dy**, Lu®*, Sm**, Ho®*, Eu®* and Er®") from pH 6.0 to 6.6 were adsorbed by
the synthesized metal ion adsorbent. In addition, a maximum adsorption rate of almost 100 % at a pH of 3.0 to 4.0 for In**, and
about 95% at a pH 3.9 for Ga®* was demonstrated. For In®*, an adsorption rate of about 15% at a pH of 1.4 to 1.6, and about 25 %
at a pH of 1.8 was demonstrated. For Ga®*, almost no adsorption property was demonstrated at a pH of 1.4 to 1.8. Therefore,
separation of In®* and Ga®* is possible at a pH of 1.4 to 1.8. These results demonstrate the possibility of using banana fibers as a

metal ion adsorbent.

F—T— R NF T, LT A AT, fHEM
Keywords : Banana fiber, Rare metal ion, Adsorbent
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Development of a harmonic noise source identification module in multiple clock operation
Hiroyasu Sano*?, Hidekatsu Sasaki*"

On a high-speed communication board, the harmonic noise of a clock signal poses a serious problem in radiated emission tests.
One of the reasons for this is that clock signals generally have a high level of radiated noise in the steady state. Although near
field measurement can be used as a means to explore the noise distribution of clock signals, as multiple clocks are implemented
in electronic devices in recent years, the harmonic noise of each clock signal overlaps, making it impossible to identify which
clock IC and circuit wiring is causing the radiated noise.

In this study, the clock IC and circuit wiring causing the radiated noise in a radiated emission test is identified by studying
ways to inject signals to resolve these problems, creating prototype modules, and carrying out near field distribution
measurements and far field measurements when these signals are injected into the product circuit boards and test circuit boards.
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Keywords :Emission noise, Near field magnetic noise, Clock harmonic noise
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Development of a cotton fabrics impurities decomposition process using the advanced oxidation method

Ichiro Enomoto*?

Seiko Nakagawa

*2)

Bleaching of cotton fabrics by UV-hydrogen peroxide method and ozone- microbubbles method was carried out. Both methods
achieved the targeted whiteness of 80 (for dark color dyes) and whiteness of 85 (for light color dyes). In addition, compared to
the bleaching of cotton fabrics using the conventional heat treatment, it was possible to significantly reduce the energy
consumption and chemicals used. However, it was not possible to adequately demonstrate the combined effect of both methods at

the present stage.
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Keywords : Advanced oxidation, Ultraviolet, Ozone-microbubbles, Cotton fabrics, bleaching
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Development of protective materials using a high-strength fiber non-woven fabric

Ichiro Enomoto ™

Risa Nagao*?

In this study, we examined non-woven fabric made by a needle punch machine using high-strength fibers whose applications

are expanding in various fields. Compared with the fibers of garment applications such as wool, needle breakage is known to
occur even in thin, high-strength fibers when the density gets higher. Therefore, with the aim of producing non-woven fabric
made of high-strength fibers with existing equipment, we managed to produce non-woven fabric made of aramid fibers with a

targeted thickness of 2.0mm and density of 200g.m2 by using needles arranged with 8 barbs on one edge after changing the
thickness, shape, etc. of the needles to find out the penetration strength and gripping quantity. During an incision strength test, a
prototype non-woven fabric was found to have the same or better performance compared to commercial products. As an example

of an aramid non-woven application, a prototype disaster prevention hood was subjected to performance tests for fire prevention

certification purposes and this was found to have met the fireproofing and impact absorbing performance requirements.

F—T— N R, moRERHE, 7T IR, BANT, BhEEm

Keywords : Non-woven fabric, High-strength fiber, Aramid, Mass per unit area, Disaster prevention hood

1. [XLC®HIZ

IHECEERFTIZY —ARRY = 2T L7 EORE
Ak x5 L L C=— FAS I & B ARk I X
ISLCE Iz, —FC, 77 MR mEiEc o
A+ 2O - OntED 5T 5, ZHE TOK
BERHECIT o TWIRBR S TT 7 2 Rk o RkAifb
{79 L, =— KA THEOE O KIS SR L CREkAT
ETERNWZ ERDbhoT, HRE L T=— KA FHO
HETDADES Z2EL T3, 23720 OffREZ /D
T2 EDFIETRHALTED OO, iR LD
FED72  Fo3 ITRE NG BV EORRBEN A Uz,

I T, AFETIIEFO=— FANCFHETRMPRES
BEZIT 7 i EOREALE BIEL, AT 2808k
ERCRBRAMEMFT L, 77 2 Mk mImeE, ks
IR B D Z D, B - BNk ECoRBITm LN
TW5, MBS THD 2 &b RERFEDO—>TH
b, LIER-T, ZZTIEEY Gt/ & UCBhSEH
haERIELZOMREEFIT 5 2 & T, Jh< —fRICE LT 5
BELMA D EERT,

2. EEAZE

2.1 Zz)rEOEBRDFER

=YL TR 26 EEE HARTISE
A EMBATEE 7 X —
*2) [ 5% A 2

e Bl 58, #HE

DNDHENKETEL-DICEHNTND & E X2, Rk~
OEBE N EZTRDHEBREIT o 72, BBRIE, JIS L1913-y00 D—
B HE RS AT AR BRI ICHE U TAT VY, (BF) = — - 7o K -
F 4 WO T REM BB RTC-1210C # W THEME— R T
HIE L7, SRERATICIE, BAY 500 g/m? DR Y =F L 2 Rk
RV, 7 b bMHI AR TEZ AL D 2 BT
O N—TDEEMET LT, 7= MEOKRE, S—TIR,
=T, N—TERN R DEEEH L TERENRKRR
%KD=,

== KRR TFHED 7 = v M EHTIEOE Sy DS E AL i 3
STND 720, RO Y AR RICEBER Y ) CRER
BITH ZEMTERY, 2T, ZUDIC=— FASFH
D7 =V MHREETE DIRREZFEL TR AT o 72,
2.2 THHADHER T M tOBEBARBREIT -
FEEDEFAEE L, HAF 100 g/m? ~200 gim? % Higlic=—
KRR TFREIZ LY 7 T I MO R 2B LT, 75
TR, HL - T a R @R B0y 77— (CFEHER
51 mm) %Az,

2.3 UIREREE  RIELZT T I PR ORMEE
D 728, JIS T 8052-500s DYIAHKHAER 21T~ 72, Z D
ARBRIE, Rk L & Bl &8 7= B W\ B B A
AN Z 2R S, RBANMEP-L ) EBEISE, A
DB Bl L7z & & 0N 0B UAIN & T 5, FEM 515
i, BREBRISEICHR Y (U iR T B, BRI A28 20 mm
BEh L CRER A 2 O 2 RS R E R YIRS TR, BB
Bl LT, RBANYOBEIT 2 3HEIL 1 42MHIC 150 mm



5IREX BRI
(EfEE—R)

&t

=3}

SURESLEE AT GE e o # —BFZEsss, 45 11 5, 2016 4F

HeELT B R

1. 7 =)V MY £ TR R K OUERERR OB

LWL VBT 720, BFBEMEOERIIZEN RN &IT
H5,

2.4 BHKEMORE 77 3 RS ERMEHETH
DAL, HTle R & U T KB ORI EA 1T
ST, 77X RAREAi 2 i & LTHY, KA JOHEA
Hi, RERLRITTIR OEERIET M 2 Lz, TRSN TN
B SSBET OFEIZHKI 2009 TH o7, FEilih s LToa
ARHEBELTTX A2V EOTHTRIEZITo T2,
2.5 [htEaestER  RIEL 2B SKEM OB RIERE R R
fliL7z, BARE & LCOHERAEL, 45 =7 —I v 7 R
PN— IR X DB TR RN 20 BLUF, BALRE D
K1I0em LT TH D, BREERRITINZ T, 5kg Db b (8
) Z10ecm OB I NHE FSET, HRHNIBKNLLFT
Ho,

3. HRBIUER

3.1 Zz)LEtOEEE M 1ICRIEL7-7 = F o
DATFE RB L OEMRBROME 2R3, ZOEREICL DR
BRIC 7 2V b E Lo EEETE A7, #ARERK
WZxt L CHREICERE) L CTEMRMERSGEOND K 5Tk oT,

20

[EnN
a1
*

(6]

RARFE [N]
o
.

0 1 1
0 50 100 150

SAERRE  [mm/min]

2. EiBFBRIC T DB E O R

M 2 (2Bl R OFERE R, K2 OREERND, 4
HED 5 mm/min TIXAMASKEZ <, 10 mm/min, 20 mm/min
EIHFENH S 7R BTV IR K BTN D 22 B &R LT,
Z D%, 50 mm/min, 100 mm/min & RBRIEE N HL 225 LT
E—TEDOHRKAMEIZR -7, ZOfEIE 10 mm/min & 1FIE[F
CCTHDHIENnD, LIEBEORERIT 10 mm/min 5 H E CHl
ETHZEE LT,

40
20%F &
g 30
e
i 20 258F o
4
K NEF o
o 10
40%%,
O 1 L
0.0 0.5 1.0 1.5

FHOERE [mm]
3. BilRRICBIT R0

BITEMRBRIC I T 2 DB TR R a R
o 7L FEHIBMERRE <2 D1F EEMEPMI 72 %,
3LV, $EEFINESLRD, DEVEENKRIRDIT LN
HBPRSLRDTLEBDNrD, #$EPRIRDL LTIV A
WAT~OEINE T Z &S, 20X RENETRLIZEE
A%

F

STHTETR

4. N—TEREE X OSHET R ORI X



B 4 12— TR L ORI EAL OGR4, 5128 —
TS - SHETIRIRE & M EORRE T, M4 kY, N—=T &
X7 =L REHTER T ST RHEDR B o B DD E &
T, IBIRORZR 0L H D0, —RICEHBKL 2huEZEhn
WHELTA—THEbREL 8D, £, 7oV MEHIZA
FEOBEZ D, %<y VOB =T OER LT
5, MEDEFORRDHET )V W NS, N—THEL
WrimfE & DA RD, HRRRMEE OBMRERZLEZ A,
FIEEBRICRD Z Edbnolz,

40

/

RRKRFE [N]
S

0 0.5 1
N—D - #HrmEiE [mm?

1.5

5. N—HRE - SR & O BIER

S s L

Bulletin of TIRI, No.11, 2016

77 3 FR#EER HWTZIGE, — B O 32 FF, 93—
TOT7 )V IHPIN T LESTZZ L E2EZD L, RETFTL
DAINEE I I NN —TEREOD WG EE Y NERH D &
EXD, LinL, MVEReNN—TEED /D 720G CIEikHE R
DG D72 S BRE D B DAL D RE ChH o712, 2
T, WHEOZKEDRNEE D T2, O W I-ikiEE L
B X, AR 2 ER U7 & I EOREAD W
WHENBIN D202 BRICE VR LTz, #EERE 6 IR,
BOMW - EimE AROBEBRICER L%, Bokzrr sk
A (lem?) THE LT, ZORE, RmEmor 7 L
BIIRWHTE L 22500, $H2FTHIATEIICE > TK
L EDLDLZERbhol, FIHALRIPIEI R DHIZTEHE
HOE 7 BVEBITSIRIE 2 B0, N—THEOLR2WETh
RIRREOE 7 NI D Z ElbhoTz, #EZ, 32FFT0
FTP-96 32CSM (X 1 FEIC 8 N—T &, — 72 2 /FD 7 =
JVREH LR TAR—=T OB DS RN D L a2
BLTWD,

3.2 7T FHHEOTBALS UM 32 &F
@ FTP-96 32CSM 7 = /L b TH NN LD, ZD
7o)V MEEHEHLTT 7 2 MifEO ™A b 21T o7, T
BbhE LCRONTWDT 7 2 NHMED RRRAT X455k 7 =
— KRR FHETESR TS LD L THY, HFEHIIC
REL THINAROBER L TR - TV EE XD,

WS 7o sk (BBAFIC L ARICER L, v/ gk (Blem®) T

100
Broms N 10mm 15mm B8 20 mm
80
# 60
=
S
4y 40
20 %
; \
20 25 32 40
SHOFEE/ BFFDEL

100
stors N 10mm 15mm B8 20 mm

80

60

E L

40

20

132 132C

1B 32
HOERH/ N—TDEN

96 32CSM

6. KT =L bt V7 A E ORIR



L LESBERAF O =— R S FH§T 200 g/m? @ B %
—OOHEL L, FREDBMNOREAEZRIETLHZ 0T
Xz, 7V M, FTHIARIRE, FTHIAREE A & % 7
L7-fE 5, $HTR A 2 H0IC s L= 7 5 3 Rl D Rk
i LN AIRE & 72 o T2,

& LICYIAHRPIERBR OfE R A7 3, & 2.0 mm, Eff 200
gim? Ok s & T 5 728, JEE 2.0 mm THA 100 gim?
L HAY 200 g/m?, JE & 4.0 mm THAF 400 g/m? OE S & HE
L1z, ZOfER, BAOEWREESTHKSOUAIFIZS
2600, FHUHMORERIFESE FIZBEWRERE 25
720 BRI S =— RS FHEIS T T B T A T AL
HEIV LT NTEOHLIPUENREL 8oTz, BIEBIVH
fHafElc LEERER T, WAL IRIERIC o7, 20
ENG, UANEIARBAORESBLOBEMUETTT A Z &M
bhol, ZTNE T AR mBEM#HETHLIT I IR
WHEDORFAT LD, 7oV MEHEIZ U D & T 2R
THZETHAMD=— AR FETHLAREETHD Z L
D—EORBRTH LN E o T,

1. ORISR R

= B Bl 73 /N
AR &6 (200 g/m%) 6.8
100 g/m’ 4.9
200 g/m* 7.0
200 g/m’* 8.0
400 g/mkk 16.0

ki —=— KL/ F, k% EE 4mm (fthi 2mm)

3.3 MKEEMOMRESRER  SUELT 7 I P 0%k
bz 270, BiSEam 2 L TR RMERERER 4 Mt L
Too BAELIERISEAN 2 X 71”7, SRR H 5
D BIIBRA DN, KIEDEY BRI D LR AR S 7205
THY, AR &I D, LA~ T, KEic#EL Ty
% EFEHNING OIRBET AN D IInGTHAEL TVD,

B 7. BRAEL7Bh ST

SURESLEE AT GE e o # —BFZEsss, 45 11 5, 2016 4F

T 7 2 RAREAT O SEMIL, 77 I NHkHEB RS EEkE
TH % 1= D RN A TEIRN L 24T 5 LB 2R WFRIT
MZ T, EHIZF DR EITREERRCAEN A2 34E L
W2 EBRERFRTH D,

R 2ITPHRMERERBR O R EZ TR T, £ 205, REEEOR
BTV oRER M b B RMERBR O EREZ T L T\ D,
BB D TEF RO ARV BR S C— B2 2 L
TWaWibH 575, 140 g L EOHFRED HIVZEE %2 K
INT&DZ Enbnolz,

# 2. PRl R

#AE No. @® @ @ @ ®
FAH BERTVIA  BERTVYIA xAay hxdhar Bigke-juh
AR VA= VA= VS A= VA= Vo=
A 120 g 140 g 140 g 160 g 160 g

FRAREER (FD) 1 0 0 0 1
Bef R (cm) 4.3 1.6 3.3 3.7 4.3

4 73 (kN) 116 7.8 4.2 5.4 2.7

HOE X O O O O
4. FLO

T R ME A B\ T = — RV S o T OO R A 5 T
W, PLHBORRETYH 7 =/ M2 RIRT 5 70 SRS %
X HZETHLIREDO MBI OVEZDH 5 Rl & 1F
RKTEDHZENbroTz,

=— R FHE R R U RAn 3B mTee <, Uy
ANV LRTNVEVIBERDH D, I —~ LR Kk
T INNER Y FEICRWRETH D, REICEE L 72 ik
MOMEFIETHD LWz D,

A, EEEMHEORE L bW DT T I Rl VT
A ZAT o 723, Mo EsREHE IR L C b Eis 23 fTHE
EER D, THETORKEHMHETINZ T, PEXEMMES X
OV B D SRR AT IS AR IR TR DR B BN C TV & 7
VY,

(PR 28 47 A 4 H3eA, FRk 28 4F8 A 5 HEFAT)

X ik

(1) A. Watanabe, M. Miwa, T. Yokoi, A. Nakayama: “Fatigue Behavior of
Aramid Nonwoven Fabrics Under Hot-Press Conditions Part 1V: Effect
of Fiber Fineness on Mechanical Properties”, Textile Research Journal,
\ol.68, pp.77-86 (1998)

(2) A. Watanabe, M. Miwa, T. Yokoi, A. Nakayama: “Fatigue Behavior of
Aramid Nonwoven Fabrics Under Hot-Press Conditions Part V: Effect
of Punching Density on Mechanical Properties”, Textile Research
Journal, Vol.68, pp.171-178 (1998)

(3) A. Watanabe, M. Miwa, T. Yokoi: “Fatigue Behavior of Aramid
Nonwoven Fabrics Under Hot-Press Condition Part V1. Effect of Stable
Base Fabrics on Mechanical Properties”, Textile Research Journal,
\ol.69, pp.1-10 (1999)



m X

Bulletin of TIRI, No.11, 2016

BB AHME 2 T O T [EHA R L TR B B T SR B AT D D 78

¥ wEY % KD N

A *2)

AR BEFD R

Development of a metal current collector for SOFC using metal fibers

Kengo Kubotera*™V Eiichi Mine*? ,  Akihisa Higuchi*? ,

Etsuko Yamamoto*Y ,  Hideki Okamura™®

Metal current collectors such as porous metal, metallic felt and metallic knit etc. are proposed for solid oxide fuel cells (SOFC)
because of their high operating temperature (ca. 800 °C). Current collectors for SOFC are required to have a cushioning property
towards adjacent parts in the cell stack. In this study, we produced a multi-layered woven fabric (MLWF) made of stainless steel
as a high cushioning current collector. The structure of the twisted yarn, tension control when warped, and the supply method of
weft yarn during weaving had a great impact on the ease of producing the MLWF. The cushioning property of the MLWF was
higher than that of porous metal and metallic knit. Moreover, the area surface resistance of MLWF was lower than that of
metallic felt and knit at 800 °C. These results indicate the possibility of MLWF being used as a good substitute material for the

current collector of a SOFC.

F—TU—F: ZEl, £EH

Keywords : Multi-layered woven fabric, Current collector
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WA U DB E THEIT L2V SR TE RN L2138
<, UIOBEFBIBEE L, T8, O rAEwE TR
LB IEMEBRE O@EEO~On 5 528, [RVEITE SR
FABERE & EE R R ERIN 2 LB LT 572, 5 Tl
PZWIHAT L L CORRTE LV,

—F, BFAEPAME BT8R CcT T /v =0 v
e (ATP) Z#Hd 5, ATP IZAMMIRO LN MRIZEE S FHik
HIH e & OBEFAERE T, R shsm= L F—WETH
%o, T THRMFFETIE, NA AN I AEEZHNT
AR TEAT OHELTIZLEWEFTE MG 2 AN D ATP O
xR RARE L, ERBDFRRHEEL IO rT 1
2R FLVREE I E VR & el UC, AR & L C ORI
REtEZ BRET L7z,

2. RERAE

2.1 FEARRLEE 0IS Z 21017 KM O RBR 7 (A5
R #2BIC L, e LTHFREAA Y AZ 27
(Fomitopsis palustris (Berk.et Curt.) Gilbn.& Ryv.,FFPRI 0507)
BELOA Y Z & (Trametes versicolor(L.:Fr.) Pilat FFPRI
HHA Rk 25 4R RIS

D g L —
*2 mR b FEEHEE

Tomoko Hamano™

Mami Tanaka™, Kensuke Kawarada™

1030) % VT, 26+2°C, 70%RH LL LSt CRf#ES
1To7,

728, REBRA X, AX (Cryptomeria japonica D.Don) 244
DOZHFREARRY &L, RBARRE, EERDFRIERIC
%, 20 mm(T)x20 mm(R) x10 mm(L), v o5 ¢ o ZLHEE
BIERZIE, 30 mm(T) %30 mm(R) x30 mm (L) ® & D %
oo Fio, BREIQE, 7 ATy s RIARIEEE G
FHESREREL, NEEHS00mD IS, RT FTFHF A ho— A5
X (PDA) 512 100 ml /37 LR EARIE L7 0% A
Too LREFRFE RICHE T 2B B, BERAREER T
X5, sy vELEREREA X 2@EL, ThT
NIRUH#EE 4 A E Lz,

2.2 BERVLERAE EIERETORESEELENL, 1 HE
H, 3:H, 6:H, SHEEKIOI0EE T, 1HFZLN
HRBRA LT OAF 4 BEERD L, Ry RmIcrE
L7oBikZ THEICERE Lic, &I, BB O IuEcl

WZEIRT L, BRI o LE S mmxsmm 2FEH AU T (7
U—r hlb—am™MgEx=xF 1) v 780 ATP JIlE A
UXL100) Z VT, 10fEEREmY, BEHIZ, VI ) A—
H— (FRAV—=AWE, VI ) A—%—UNG3 1) % H
WTTHIRFESEREATE Lz, I, Bz oRBRAF 2460
HFEROAATAI, IS Z 210120 Kb oikBr G 1E 4.8 K%K
OYPE ST EEBEICLT, 60CTHEIC/R D F TR LY
B ERE RO,

2.3 EOT4VEARERNE  EEREROREEN

WEZLICAEE ET, 1EEENLEBRA 1ETH
éﬁ4ﬁ%mbmb,ﬁ%ﬁ%ﬁmﬁﬁbtﬁ%%Tgm
FrE L7z, B i LR B A 20 285 AW, 2.2 LRk

WWEERDRERD T, RIS, BERDRHESRORRA
IZ2WT, BrT o UllER (et s, 3% 6)) &
AWT, vasr s A REEZRE L, &Y ORBR 2
EIZDOWTIE, 2.2 & FERIC o LS TR LA R38O 4
E LT,
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3. HHREER

FFATRXTETRBIOIT T X7 LD AFDMEB
DI & BB T OEERDROBFRER 1 ITnT, B
FHOWITIZE B —2, A3 An—2B LY
7 =78 8 OKRMAMRARERL ALy DA RS T L B 2 D
BN, AFTATEATBIRHIT T X TN THOEMD,
JEFBRAAtE 1AM E CIERBR A ICE &R B AE T o T,
WFNOERS 3 B LRI EGEICAM 043 fiEns A, 10
HEOEERADRE, AFTVRTETT 424%, BT T4
7T 307% %R LT,

WIZ, TFAUXTEZTEBIRIT T XI5 AF0UM
AE R ORI & RBR A NE ORI EDOBRE K 2
R, FEARBERG 1 B 1% ORER A NER AR I G R,
FH T XT 7B AT 2.0X10° RLU, AU T & il
HRBR A T 7.4X10° RLU 2R L7z, WP OEE S 55
1% 1 B TEWEZRL, FO®BITREARBMTIALN
R oTz,

0.0 b —a—FFoaxsar
-—e- TS A
)
~ 30.0 »
i 5
%
il
20.0
G2Il¢
10.0
0.0
L0
JE T HR ) (weeks)
B4 1. FEFTEIM & B S S o BIR
15.0 X 10*
-—-8--nUS Ry
’
1MXN4_—1—##9j9a& S
E]ﬁ 9.0x10* f
H
:
¥ 60x10° |
Z
3.0x10* T
0

JE A EAR (weeks)
B 2. RN & AR B BIR
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IO ORERND, EFBRMGEE 1 EEREE, BERIEIA
MREAIZEA LHIaN TRET 25, A AR
DAESIRND Z OBEBETIIEL TRV ENbhotz, X
AN IR B AETHE, BHICL2EERDBAEL D
i D, SEEICHFEERECELZ ERbrot, —
7, MOBEFBEE T, BRI NAE U D EERIC R 5
WS AR TERWI LD, XA LI xRk
IO BB CH T 2RI CE 2 EBMERHD Z &
NbhmnoT,

WIS, FHx T XTH 72k D AR OBEF B
ERB O RT 0 VEAREORRER 11T, B
ZREL T D 2 BEKBICBWT, ¥uT ¢ UELIREIR
RIEFTREBR T (B2t) Lh_XTFZEAEBNRR LN
Motz —Ji, BRI 2 EE% O RITE WV EE
KL, TOZENRLY, N ARy ' AEITARM
BAEA A U WA DO B s ©, I 7 &
TEHZERbhrol,

1 BHOoOYaT « VREILEE (AU XT 2 7)

JEAHIR | BEREAR (a7 0 VEILEE | XL E
(weeks) (%) (mm) (RLU)
0 — 22 _
2 1.4 24 3.5x10"
4 17.7 i 2.5x10"
4, FE®H

AMIEFOETBREOKREZ, "M ANV IRy AL
WL DRRFE BRI L Wk AT, TORER, AMEHOE
EThHLEERVERBIO BT 0 VRILEEN, 13& A
EREEM LB DB IR WIEF ORI T, &SRS
FRET DL ENTERE, I, AMMRNICIEALEZ
RS, MARARRR AR 50 & Sy i3 2 AN RN TR 3 5 B
a2 Lzl BEx b, BR2EE, Rask
WTHY, SAAN IRyt kL BEAFZMHET O FH
HFRIABHIfF S D,

ARFFETIE, HEREE L TAFTIVRTEZrBLIOHIT S
SRR, BREOFEE LEM R LTI, EREN
SO, SRR, ME, BEERIOYaT VS
RN Db - TS, SRIRE, MER & OEEEO
ZLEIAMBHEZRZ SRNWZ LD, 5% INDOMAe
WRRBT D ATP OFEEZF~, NAFLIxy Ak
\Z & B BRI AN OB 2 ik L TV TETH D,

(PR 28 47 A 7 HEeAt, FRE284E 7 A 27 HEAT)

X ik

(1) AR AL T R ARRZERT « [BEF RS EE O A Bk
FiEORZE) R 19 FEER, p.9 (2007)

(2) HH B BRBT-HEHT 2 R RIEFIS O DT Q- F 1 O R H
Bz vty & LC-1, RBRTE, Wl.37, No.4, pp.158-164 (2011)

(3) EHH B : BRST-MEHT & A RIEFIS O DT (Q)-FEF i H D
SR & 2D BARGEI-), ABRTE, Vol.37, No.5, pp.204-212 (2011)
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Preparation of LiNbOj3 precursor solution using TMAH dissolution method

*x1) *1)

Akira Monkawa Kyoko Fujii

F—7— K : LiNbOs, TMAH, U v R¥ 2 —E A hf F v
Keywords : LiNbOz;, TMAH, Lindgvist ion

1. [FCs®IC

BENT-FHEME - JEBMEE AT 5 LiNDO; MY, HIEOLE
W, AL v FEREDT 7 Faxz—F —FK iy oW
— TR BRI A T Y — (FeRAM) IZfEH STV
O 2 s, 5% b, MEMS 5B Ok % 72T ]
A ZA~DEARFEENTWS, BEO kL LT
— RSB e KA AR I (PVD) ofb ) S AE B R
i (CVD) , Y N-FNERERHWLR TS, Y ILT L
i, @R7Vaxy FEERP TR EL, feaES
DT & LI ADE SNV EFIA L TV 5D,
ZOFNEEIRBMBAET S Z L iIc kv &Rt ESED
ZENARETH D, S N-FIEIL, K e MAGHIEIAS AT RE
THY, RESEMHT TREMY —EENESIFRTE D
EWVWORIREAELTND, SbIT, Bk ER EOEMzR
RN ARETHY, Kax MEBRND E Vo FEbH
LTW5b, ZDOXL DA E, LiNbO; I, £z -
FIVER R TH S, LLans, YLF Lk
JFEELD T V3 o RAFEF IS T 2 1 & ME 2 B &
B HDICHBIREN VAT D, BHRIEECRIEIC
FofE L= SR AL EIC /R D R E W o T 2 DORBENTF
E9 %,

AW TIE, ZO XD RPEEMRRT D7D, 7=
X ROREME L L TLM7REKEE b =47 (NbOs -
NH,0) Z Ik T &= AKBER CHIRT 52 L1tk o T
35415 LINDOs RIBRIA & - T 5, kT VE=0 LD —
DTHDHKEBILT T AF LT =T L (TMAH) 1E, ¥
BREGEICRAIRIRARVE 7 5 LU A FOBBIRE LT
AnbnTing, £z, AR E L TES - KR
FIIELAWBNTWS, 20X o2, BEICHIMENHE
SNTWLENET v E=ULZHWLZ EIZEY, T
2% NIEICBT 2 PECREMORMBEE R CX 5.
L P 24 EE SRR

08 ISR 7 N —
*2) ge

Tomoe Nakagawa*?, Yuki Takimoto*Y, Tomoko Gessei

#1)

2. EEAZE

2. 1 LiNbOs RIBMABBDIER & MMHEEFM@E  LiNbO; il
BRIRIRIEIE, Nb-TMAH A & LIOH ZiRA+ 5 2 & T,
Nb-TMAH &1L, &/KER{b=+4~ 9.05 g % 21.88 ml ®
TMAH(25%)/&H%(C, 80°CTC 2 e, MMEMR+ 5 Z & ¢
72 LINDO; Rl BE AR 1E, Nb-TMAH Y% 1 mol/l @ LiOH
TR 30 ml &3 N3 5 2 & THT, MBRMERIROMTEL, H
B HTEEE (ESI-MS)E L OVFT-IR % AV TR L 7=,

2. 2 LiNbO; RIBEABZAN L/ OB DM
LiNbO; RiBEIRIRIE 2> 515 & N T BERR D TERTMf I, K
X HREHTEERE (XRD)F L OB Hr2E i (TG-DTA) & AV 7z,
BERRIE, 3 g ORIBMAEK A 7 v X FHEIC AR, 300~
800°C T 5 efibERL 9% = & T/,

3. HHREER

EKERL =24 T71%, TMAH /KIERIZEL Y, KiEOHER
MC, W52 ENFHETH D, WY (Nb-TMAH) @
CIXBHTH Y, RBWIZIR SN -7, WIEWL, =
BT6NAMRZE TH o7z, RFFETIE, NbOs IZHT 5
TMAH OEIGZ 2 L Rl 2 &2k y, HEETHIED
e, KEb=F7 % TMAH KIBIRICEEEM S5
TEMHRETHLZ LA LTz, ZOWMRA T =X AT

3Nb,0s+6 TMAOH-4H,0 = TMAG[H,NbsO10]+26H,0 (1)
ThdrEEZLND,

X 112 ESI-MS 73Hr OfER AR, MS A7 FUiE, i
FEORN2 A A, 1A F D — 7N 4@ Esnr-,
INSDE— 21T, HTMAGNbO]* (miz=7283),
HTMAG[HsNbgO1o] " (M/z=1235.85), HTMAG[H,NbgO;6]* (M/z
=1309.3), H,TMA;[HNbsO1] * (M/z=1382.5) Th-7=, =
NoOE—7 OF T b RO E—27 1%, HTMA[H,NbgO0]"*
DOE—7 Thotz, ZiUE, IR LIERA =X A
DOREE IFFTDHHLOTH D, ESI-MS OFERIT, =473,
TMAH #EIZ) > R a—E A MA A2 ([NbgO]*) &
LTHEELTWAZ EERLTVA,
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& 40f
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miz
1. Nb-TMAH &% @ ESI-MS I & #E5 R

5 5 A7z Nb FIBRIAIRIFIC LIOH-TMAH IAiE 2 F L, =
ﬁ7%)%?AmK¢%¢ﬂbte_@wK¢Fm ,?
Bemid gz S 7, Nb RiSATAIR & [FEE, 6 2>A M,
IRIRBE R AR > TN, BIBRIAIANE % 100°Cf-73u%%3w k/\E’
RO EED EaaEARE LT, 2 [ZHALED
FT-IR 4T DFER Z 7R3, FT-IR%3 ﬁi4m1WMmarmo
(850 cm™), Nb-O-Nb(542 cm™, 668 cm™ )2y FIREN 3 BIZR &
iz, ZhbiE, [NbgOw] 1A IIC 2 H 5 4y THREN T
Ho, AfkEs, Y ‘/F‘ﬂez—tx METHDZ L ER
LTW5®, %72, 3000 cm™ CHRT B E— 7 2 E
HETHZ LD, E@(xﬁ-’% 7k$u%fz§>%> LERLT
W5, XPS T ORGSR, BikEko Nb/Li X 1.03 Th-o
72 TMAG[HNbgO10] > TMA 78 Li L E#-25 2 Lic kD,
Lig[H,NbgO;g] * NH,O & LT, B L-EEZ 2B D,

4000 3500 3000 2500 2000 1500 1000 500
EH(em)

2. ARALED FT-IR 53T O 5H

BoNic=4T7Y F U LFBRMEE R % BRUF CMET
HZ EIZEY, LINDO3Z AR LT, X312, XRD HIEDKE
R, IEGMEE, 300°C, 350°C, 400°C, 800°C T
572, 300CLLET, 7r—FTixdbsM, v—7n@HEs
niz, ¥ —77 XRD A2 kUL, 400°CLL L THIZ S
Nize T_XTHOXRD B'—21%, =FT WY F 7 LIFES
niz, IKETO=A4T8Y F 7 LAOERIE, A A XA A
NY —% 95 ET, HETH 5, XPS i OfER, 800°C
THIENL 728 DD LilNb A4S 0.95 Tdh > 7= DIk L, 400°C
THEAL 726 Did 1.01 Thot-, ZHiE, BIEERIEKD
LilNb b Z#ERF L T D 2 E 2R LT 5, X 4 ITRIBE RS
K> TG-DTA 3T OFfER &~ ¥, 90°CHHTIZ K& 7 DTA B
— I BEEIND, AU, RIBREEIR T 0K LT
e THh D, WIT, 139CITHLE I 5D B — 71, 135~140C
TAELD TMAH OOROT-DTH D, 196COE—7 1%
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TMAH DR THE CTRIE N2 LT Z L &R LT
Do ZOFERMNSG, =ATEY F U LT, 200CLLET, =
FTBY F U LOREREIETT D EEZDND,

N A ) 300 °C
i A 350 °C
. ) 400 °C
i
pi
=
=z
I i 800 °C
| l " M ]
20 0 60 80
28/deqg
X 3. LiNbOz¥3K D XRD I E #ik 5
100 100
5 ptA ———— Jo
9 {-100
— lw]
g0l
i 0 {-200 >
g | {300 %
{-100
20|
5 {-500
0 e -600
0 200 400 G600 800
EE(T)

B4 4. HISRAEETED TG-DTA 3 it

4. FEDH

W= 7m0 v Fxa—E A M AET U EERT DS
BIE, NaOH 2 E D7 /v i VIEEIZ X 0, 7vh VEE L T
B END, T HDOHFEIE, Na, Rb 22 EDRIOEEA 4
UHRFESTLES D, WolzA, LigHNbgO] « NH0 %
kS, HEEEL7-H0&2HWT, LINDO; 24K T 5%
ENRD D, AL, Nb OEMREEEE LT i Y FRgE
HTH 5 TMAH 2 VW=, TMAH IZHW TH 5 7=, I
BULIR OBy fEBRE TEX B, TMAH I X BRI LY
Lig[H2NbgO1q] * NH,O D EfE LT 5 Z & 72 < LiNbO; 2 1E
D ENFHRETH B,

Eif5a
HTF LT AZNAARGERT, INEEESHLRIC
2P\, ZZICE#ER L BB,
CFRk 28 -7 A 4 H3eft, Fpk 28 478 A 8 HFAT)

ITERFE oA Z

X [

(1) D. Xue, K. Kitamura, J.Wang: “Atomic packing and octahedral
linking model of lithium niobate single crystals”, Opt. Mater., 23,
pp.399-402 (2003)

(2) A.V.Besserguenev, Dickman M.H. Pope M.T. Robust: “Robust,
Alkali-Stable, Triscarbonyl Metal Derivatives of Hexametalate
Anions, [MeO:e{ M*(CO)3},]®™ (M = Nb, Ta; M* =Mn, Re; n=1,
2)", Inorg. Chem. 40, pp.2582—2586 (2001)
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High speed electromagnetic analysis of metal nano particles

Takashi Yamaguchi*Y, Mizue Ebisawa*?, Yoshikazu Teranishi*®, *4)

Kazuki Isoda

*¥—7J—FK: 75 Xxe 4, FDFD, GPGPU
Keywords : Plasmon resonance, FDFD, GPGPU

1. [XL®HIZ

ERIEHAFT D L, RN OB BHE IO RERH
B 72 BRI U CIRENT 5, DM RICH AR TY A X939
WINEWERT /K O%a, AFEOZEM A0 3R 1
NEICBWTH— L EZ X 5N 5720, HEETOED)IE
M7zt oL 2d, BTOBIIXERIHEND Z & & &1l
THOHNG, BRT VKAFIIT T T DX D kB R
U7t e st 5, AFNEOREEN, KiToRik &
FERICE > CREDHEORMG M-I &, B DES)
WL TEUEARESICETOEEZ2FRT D L&V I
WHANEZ 5, ZOHRKETTT e ALE LT, &
Mo oY, B ERx T S A~D)E
DHFEIN TN D,

EFOIX, @BF R TROM LTV DIRIED T Z XE
VAN R AT D HiEE LT, RN L v ki A%
SRR 2 B S8 5 FEZRE LW, KiFZE Tk
IHIZ, &R T RTOREAD=LEMYIL, L&
R R 2 T RE L T2 2D OBMF 21T, DT
ML DEEER T D70, DBIRFOERET / k113,
R +OBM 2 HEBSE D572 EOLBNE STV 5D, b
MR END &, RTHNEICOBRE e —L Y ik
DB NNEI DRIT-RICEI <, Zou— L2 JIn3+ERIC
LDRFENEBZ D LEEMEESIN S, R TFIZEL v
— LY OB S ITRFNE E I IX R " OB L 5T
RED, LERST, @B /KT ORERA T =X L5
T D72DiTiE, AREOFUESR T ORREZBE L7
75 B EL BRI A BT T A M ER B D, EZTAR
WIETIE, @B /R TIOtE AR Lz & &0 E 2 EE
DO B FRIT FTRE 2R BB O I = L— F A BHR LT,
FRMTAE RO Y2 MGET 5729, RSB ROR £

L ERL 2T R RS
D R L —7

*2) SRk BB R o 2 —

I A TRE (=53

) ST s v—7

HERICH v — L Y HEEE LR LT,
2. fRWE

&R T RLFI K o THEL SN 2 063k o R &l 2
T 5,

VXES+ jouHS =0 (1)

V x H® — joe ES = jo(e; — &,)E! (2
72721, ESUTRELER, HOILHELRIAR, ENIAHER, ol
AR IO A FEWEL, pol FEZER OFEWE=R, eiX T/ KiTDF
BE, | IEMOFER, FEHKFILe/*Th D, AT
%, ETMEORG S EBEBL, X (1) & (2) OMHT
P& E DB L - THEH{b L THE < FDFD (Fi-
nite-Difference in Frequency-Domain) i:Z M L7=, £7-,
& JB DIV & F T 7E 1L Lorentz-Drude £5 L@
LoTHEZBNDEE MW,

Bk Sz (1) & (2 375 EHWT

Ax=b (3)
LET D, TIT, AITMREATS, xITES EHSH D78 % KA
BT MV, PIIAFHROFEMIC Lo TRE D EHA~S ML
Thsb, X 3) FLETEN—-KFRATHY, rkdd
Bex IR FENFET 20, AR TIEIREED —>Th D
BiCGStab(l)#:® (Bi-Conjugate Gradient Stabilized (1) method)
Z V7=, BICGStab(l) 7 /v = U R AT BT H1T5IEEAr (r:
EBZED~Z ) X, CUDAW % 5T GPU (Graphics
Processing Unit) Ml =— N&FEEL, WANAHTHZ L
Tk L7z,

FEEX, BT EROWD TN R ERAG DTS
EOWCHERDET ALEIT S, Ledo T, AIREHRIE
RECHOONDIEMEA v 2 LR, MRSl ER
DHEBCIR & 72 0 AT RS EE MR T2, ZoMEEIcx L, 5
SR O ERICTEEZ ZA LEIR{E 21T 5 Subpixel
smoothing® (SS) % MW EksE L 21T~ 7=,

F KA < v — LY HFE, BELERR & ARE
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1. fi#fres v
WROMTHAE L H Z AW TREAN SRR EIN S,
F=_pe f [(e,V - ES)(E®)"
2 %4

+1o(V X Ht — jwe, EY) X (H)*]dv
IR A DRIV DV TAT 5,

3. HEHR

VR a2 L— X TOMMTHER & BB iR %2 LT 5729, F
FBERICAS Lz & &, BRIC@< m—L 2 JEfiEir L
7~ ﬁlﬁﬁ%?‘ﬂ/%ﬂ 1ITRT, BROH4E1T 15 nm, #E 14,
JAPHIIEZE & Lo, A E04ME LT

Ez — uye](a)t+koz) (5)
FHZ7, 127120, 3R, kIEZERORKTHY,
FIE 550 nm & L7z, MRNTHRRISOR FMEE ) D DR B2 RO % B
ST, WMINEERS4EE LT 10 B UPML® (Unsplit
Perfectly Matched Layer) % f\ 7=, KEEOITHEI 0 S&ib1%
FHRIFEZZ 2 V VAR 10T AT & LT,

212, x = 00 y-z Fifi 2381 5 = %L ¥ —4345 (|EY|2)
g, X2 (a) 1%SS ZiH L-REofiritst, X2 (b)
3@ D FDFD HEIZ LT R Th D, &R T /R
HBAH T2 & WHEG G & WEIE D SRR D3R TR
PRI AT D, B D FDFD E%2 A5 Lo f L F—
DT TERIZHE > TRRICEN D2 DI L, SS 2 L7

BATRNF =DM D BN/ > TN D,

MBI L DB MR A R 2 12/ E < L’Cb\of:H%EO)ﬁZé
DILH A B 312”79, W CHEBHIRRE TRt L 725 & 12 SS &
WA L721E 0 L0 BB ISE W, BUERIIC ﬁf%fé
FENEELTWDZ ERNbD, ERERILHEOER T
— LY NOFHFEICRELSEEBT A LD, SSICLEE
FEAGIZIEF IR RE N E F 2D,

4. FEH

G BT RO A RS LB Ic R AT 5 BEDEB O
n— L YN EBELEIcEsmEiy I a L — 2 &
WL, SH%IT, %fz YN S ARSI 2 N Tab s e BPeY I %y

ATV, RN LD EHEBIG D A T = X L% L0 3T

fiZfA LT\ <,
CPRK 2847 H 4 B4, FRL284F 7 A 26 H F52A())

4
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(a) Subpixel smoothing %3 fi (b) i##H O FDFD ¥
2. yz Vil BlcB T D =Rk X —540Ai (|EY?)

-0.45 - . - .

I a=15nm, gold

-0.55

A—L Y7 Fl(gad)

® Subpixel smoothing
O Standard FDFD

_ I . ! . !
0'60 1 2

ZERBEER PR A [nm]

3. fROIR

X 3

(1) B, Lo, 5, e T 72‘%/ ot L= m A POk
SR &SRR ), T6IRIS AP K T AT,
13p-PA2-11 (2015)

(2) A. D. Raki¢, A. B. Djurisi¢, J. M. Elazar, and M. L. Majewski: “Opti-
cal Properties of Metallic Films for Vertival-Cavity Optoelectronic
devices”, Appl. Opt., 37, pp. 5271-5283 (1998)

(3) G. L. G. Sleijpen and D. R. Fokkema: “BiCGstab(l) for linear equa-
tions involving matrices with complex spectrum”, ETNA 1, pp. 11-32
(1993)

(4) NVIDIA Accelerated Computing:
https://developer.nvidia.com/accelerated-computing
2016.6.28 %

(5) A. Farjadpour, D. Roundy, A. Rodriguez, M. lbanescu, P. Bermel, J.
Joannopoulos, S. Johnson, and G. Burr: “Improving accuracy by sub-
pixel smoothing in the finite-difference time domain”, Opt. Lett. 31,
pp. 2972-2974 (2006)

(6) J. A. Roden and S. D. Gedney: “Convolutional PML (CPML): An
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