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A study of paleoearthquakes at archeological sites

— A new interdisciplinary area between paleoseismology and archeology —
Akira Sangawa

Traces of paleoearthquakes have been found at many archeological sites in Japan. However, most of them have been neglected to date and
not considered to be a subject relevant to archeological research. The author has studied these traces since 1988, naming this new study field
“Earthquake Archaeology”. The field has become popular both in archeology and paleoseismology and many important and useful results
have been gradually obtained. These developments will lead to a deeper understanding of the natural and cultural history of the earthquake-
prone country, Japan. Most paleoearthquake phenomena present at archeological sites manifest as liquefaction, lateral spreading and
landslides. Detailed geological observations may also contribute to a reduction in damage caused by big earthquakes.

Keywords : Earthquake archeology, archeological sites, trace of earthquake, active fault, liquefaction, Nankai Trough, Fushimi
earthquake, Great Hanshin-Awaji earthquake
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High accuracy three-dimensional shape measurements
for supporting manufacturing industries

— Establishment of the traceability system and standardization —

Sonko Osawa *, Toshiyuki Takatsuji and Osamu Sato

Digital engineering technique has widely been used for speedy and effective manufacturing of industrial products. Coordinate measuring
machines (CMM) are being used for measuring three-dimensional shapes of products and taking an important role to keep the quality
of the products high. National Metrology Institute of Japan (NMIJ/AIST) has established the traceability system of CMM, that is,
measurement results by CMM are traceable to the national standards of length. To achieve this objective, not only calibration techniques
have been developed, but industrial standards (ISO and JIS) and guidelines to which accredited laboratories should conform were
documented. In addition, to raise the calibration capabilities of prefectural laboratories and to contribute to the local industries, technical
supports have been provided by NMIJ.

Keywords : Three-dimensional coordinate measurement, coordinate measuring machine, measurement standard, metrological
traceability, digital engineering
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A secure and reliable next generation mobility

— An intelligent electric wheelchair with a stereo omni-directional camera system —

Yutaka Satoh * and Katsuhiko Sakaue

We propose a secure and reliable next generation smart electric wheelchair system that is equipped with a novel 3D stereo vision system
referred to here as a 'stereo omni-directional camera'. The novel vision system is not only intended for use with a new genearation of
electric wheelchairs for conventional wheelchair users, but also for use in future advanced personal mobility devices for everyone.

Keywords : Mobility, active safety, welfare apparatus, computer vision, stereo omni-directional camera system
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Energy savings in transportation systems by weight reduction of their components

— Research and development of non-combustible magnesium alloys —

Michiru Sakamoto' * and Hidetoshi Ueno®

Technological innovation bringing direct energy savings and reductions in carbon-dioxide emissions has been cited as an urgent issue in
the field of transportation machinery. To cope with this issue, demand has been growing for structural materials that are lightweight yet
offer high functionality because weight reduction of machinery can be immediately beneficial. A new non-combustible magnesium alloy
with drastically improved areas of application is sought in which flammability is suppressed —the worst weakness of magnesium alloys.
Developing this new alloy as a basic component for reducing environmental load will contribute greatly to technological innovation for
weight reduction in transportation machinery. This paper examines one methodology for industrialization of a new material through the
resolution of the various technical issues related to practical application of non-combustible magnesium alloys.

Keywords : Non-combustible magnesium alloy, SF, gas-free process, basic material, lightweight structural materials, research network

1 WRROENETZIRL DR FENEDIMETH L, LELENS, &
IANVF—HEOTE LM ER O, SHRO2MZEM FEEHHEMREIC LD WEZICEBRM R LIRS IFE
AfEHEEN A EIFE DB T R F—1%, HFROBLEED DA 2 HETHIZIT V2o TRV, T AT TLDN

Lo TV D, TOXROPT, bEHEI TR P2 TR ZH R TERLL TSN 2 @B L LTH T
AR D 1 DIk b2 DR RALD D B0 BUIRDH% Lz epTand, HiR - 2 AVF—EHORELO
W2 LR DRIHEBMETHLEHMMPTNVI=TLTH BlLEDD, BN ROFEBUCHMK T2 L0 TE
BA% THUSHE B AR R & R 0 15 Z A T 5 EMITFEN %o
FNTWD. ITAYTAZZOHMIIH R MEERED 1 BARMIZIE, w7 Ay 2oL HAFEAEICKD. BX
DTHY . BEFMPERMLEAM DS =—ZDOBRD 5 ZTEDOETORBALZIEDIT L, FBYHE - Bl - fize
‘i};& ISR MR TH 5o HiHE LTURURIT T PRAF OB SR LR - 0Ky MEOBRELIC L 5
BTHY, HRIISEBRICOAL. SEEMFELTO EALEBIE T, MENE, AL F—RERICEN K R
ﬁﬁz@f:”?‘fétiﬂ VRO RV A, IRBRBIA R EYATLTH BBRBEEM M ~OBHN L L —HDE L
LT 2 BRI T VI AN XD IR L LT ANOEBZHIEL ., RO R EBM ORI L) HE)HE

1 EEHAME AR AT F 70~ 7 ) TOVBESEEM T 463-8560 Fti /R isF ILIX TG B R - 1 2266-98, 2 EEERANTHRE
WFZEAT Y AT F 7N~ 7)) TIVEIZEERFT T 841-0052 BA i T 807-1

1. Materials Research Institute for Sustainable Development, AIST Anagahora 2266-98, Shimo-shidami, Moriyama-ku, Nagoya 463-
8560, Japan * E-mail : michiru-sakamoto@aist.go.jp, 2. Materials Research Institute for Sustainable Development, AIST Shuku-machi
807-1, Tosu 841-0052, Japan

Received original manuscript January 23,2009, Revisions received March 30,2009, Accepted March 30,2009

Synthesiology Vol.2 No.2 pp.127-136 (Jun. 2009) -127 —



WFEaR S« FRM OB RALIC & B Ek ik S OB AL (AT

RIESELMMAE M ~DLH B Z HIEL TV,
CHUCEoT BRI O R Z 8 U T2 AR BT
AT H B REBMEOMETLE, WEEROE TR F—
WZHIKS %o

2 WIRVILICBIIDRADFEE

XTI T ADBRPOWRAN S EIL KA TS S
ETHDo TOVERD, i CHRHTH AL ARG A R &
LTEHENRTWICHEDL LT, ZoHO— B ERAE R
NOBEHOKE DI RERECTH 5722 LIIMENTHD 5o
BEFMOW 2 DH, 7 AT TADFEK - BRBEEDT=0D
W ST O A B R O LR, THETITHE;
bNTE -~ O SRME B2 EOFFHRMTLI LI
W CTH o720 HERME<Z A T LDBIE TR, 72y
AR L CGEFE ORGP TORE 70t 22 %S
LTEERZELT, EEFIIZTANLNGKIX MOt
ARFENTHILERBARLCEZZ, FRIC. BEAMOKE
T M ERIRBEAL A CTH V) B 35 R TR TR T AL LT
VI TH 7287 L T A2 Hvhnwr ot 2, 4
BOZOGEOH LR PDLER M THE, Ik
HUT, X7 AT AOBEBANANEHR R b D9 H— K
BRHM NIRRT LD TEL, Thbb, HEROEMRT
B DREER MBS, FETHROLLTE) e TE L
BRI LT, BRETRBEIELVWERFEORE 7 O A
DI ZBIEL TV A,

PRV~ 7 A 2 A OBERANZ, MEL T bbb A
B B2 % 4 - bk, O TA MU CREBR 2 i
BAREELRD) ICLoTRELRPIEN) TIERL, EBIC
AR LFI—H DRI bbb MR 4 - Tl
T EICH B T AT T LDIEKITH T A OB
BARREITMZ T, FHER KFBE L COREMITONT
F LT IERB S SN TE - BELMETH 572,

1000 : f

:‘ * ® ®
e al e !
O ®
600
0 ® .
B} IEE%E
2 400¢
LG AZ914Ca
200
0
0 10 20 30 40 50

AWDDLHMNE (wt% )
B1 AR 7227 0548 (AZX912) DFEKILE

- 128 —

2.1 AIWYILFMCRDEREDRER & B EIE
RO FE IR L WA RO 7259 %bDThH-
oo TIVIZUAEMDY T Iy 7 AR T2 5 s &7
BRSREEAMEORZBIZBWT BRTIVIZTAIZ
YT I 7 AMK T R R AL THME L2 Bk
R FREOHNEOUE L BB T VI = A ORI I
BICHIHT 2 eV EETH D, ZOMEICBNTIFES
TR EEBRMUTHEGEREMAND LB L RE T8
BT, AV AP ELLTHEGOREOHEICR) R T
HDHIEDNRNTZEN, WHF BTV I=y 2GGEH
EME ORI A N ET O AREIE IR, LR
Mo CIOEMEHERM~ 7 A7 AT 5 HFET,
BRL< 7 22 DRI U720 S 7 WAR SR~ 27 4
7 K DRI R HERZEAL — K& T OB & ) RO
ANV~ 7 3 > 7 DB EDOFEDH TH -7

BICIEREN L ERES AT 7258 TH D
AZX912 &4 (A;AlZ:ZnX;Ca. FEIE wt%) O KREH
BB KIREEZRT ZOMPSHONLEI, &
VI AEIMC E>TBEZ 200 CTUL LS FKIRED LA
FT5o ZTETHRKIBED AT ZE KK TOEMA
HeL 2%,

—J BKEFEE RS, AVY I LEELIET R
PCHRIREED <7 A3 7 AD R TEBHBRALY OB
BELLERS>TWD, M7 AT 7LD AE. NEESE
PHAL TR LT 53R 2 S RIS L TR 2 B i
R L7 b 00 RMBALIL, HEUIRE TRKIh
TR DT PR L) BRI D 5T, WO TIE
CHELTWS, F7z, ORI T2 5%5% L
THY, BALMIEMORERL L Z LB TN RN LR
RS2, COKTEZR 2 OBALY RO EETET
B E HITR T, KT (a), (b) @EZEhENEHEED

15 mm .o

_ 1 um
X5,000

2 MT AT KDALY BN D R LR

Synthesiology Vol.2 No.2 (2009)



e - FRM OB RALIC X B Hk Bk S OB T AL AT

SRR B O AR TH L. DX REL
MoOMBL. BILWOTESPOIFETLI LD TE D,
M~ 7 32 MR EICBWT, SRS 5 4 Kk
Lok DI (Pilling-Bedworth ratio) %1 & 0ixc%H
WSS, L7ehs o TA R L 72 B A i 310 % 58 4312
BT L) R R ) BV, SO ENIIV
VLR EER VAT TELMALBIE DL S MR B
FTHREKNEZZHN 5,

CHTH LT ANT I LR EAZE SO ZRT D
FeFx2 K3 o AREFHMBITRT, KT (a). (b)
(3T NIRRT R O AR L O SRR O IR TH
bo MVIIREEAZEE T, BREURETKARICL
R RFFL TR A RIS ATh, TEH
BUIECHRET S 2L p 7, KHROMBKIIBD THRET
Hbo WINVYILEGELIT AT TAEEITTELBAL
Jid, AV IrEEEEVIEELIIE LIRS HME
R, ZOREIL. AV IARELAEDERIREICH
B, ZORMBE L BRICEEATER L. ShhTE
IS LT THR  IRERBE L LTiiwTwnb %
RLTWh,

M7 AT ILERT RV I L- I I AREEIIBT
52D RO E L HEIL, BRICBEORE A
R B NA D B ERRIRLT WD, BB Z
SO &, ANV YR ELOEDORERL
MTRZOREREELLTHBILINV S LR RHT L
BHSPELSTEY Y, OB ABE LM TH D
ZED RED S OMFMILEL RN OLDO<T AT
LDZEFE P CRIR I R EREL 72 ) EORREERICLY
FKIMEP EATLEDOLEZLN S,

BNV I DR GAREEZTICIOL) BB LR
LHIEASTE DO L) T Eid, FEFICHEETHREN

PLBOB1 48KU

— 198nm
PLBBB4 4@KY ®40.008 1&6mm

{3 Mg-5Ca 2 LA OMALY BN O ML

Synthesiology Vol.2 No.2 (2009)

METIEH 2% OB L TIZEIIVELICEK
b oTIEWARV, AVYTAIRTFYILLINESIC
WETHY, VI AHRTIE= 7 AT T AR (B S
EAN TR EET RV AT LEE) LRSS
RRMBACBESTER SN v, BIShRIEid, v/ %
VORNEIN T ILENRIETEEN) ZEPMOTEELRE
REFHEODTHAIEVIZETH b, WVIILETT R
TYLNIALIRETRILDR AL, STSERMEN
MR DEEZOND, HV S AR O
RTAT I ALY ORI MTECE A AR VILED
1D THAHEIENS, ALV T 7 25 7 B R AL HE I i
KEOEHIZ, <7 AT TLIITEHN T T LOEHN
BRALIZINA T, AV I A X BBILS 2T 7 LDFRTTE
AL AN > o L DS B G3 2 M R B TH L EH R
Y

VT LORNROFE RS, SESELRITCHRICL DB
DRROBERIIFET KDY, AV I LD X ITHIN %
KPR R Z R T HMIC RIS e h o7z, BUE
DETH, IV I B BERATR IO TH %,
ZNUE ERROADI=ZALHSE 2T BRI E -
E NI S S/ A PN QL i ARSI S B & ) A FNO YA
BIEDNOLREMLER CTHILLEZON S,

3 MEELINBZELDOERZIEREDRR
FERLD720121E, M4 O ZEFPAM R E 2 w12 3% E
L. HEIBIELTOIZENULETH S, L2L, 2k
EEINIEHHETII RV, T O 2 ZHE 2 3EEIZDO W
TATEL/DIES72DITHIN TR DIE, TN E D
CETIRIIBDO TR VAP 25 TH A9 HLVHME%
A 72011 E WA S F ) A DL TH 5o BT~
FATILADORREICBVTIE, OO EM O]
&, QFEMEMEHIFED LI RREAT OBZE. O
PALEA (SO LEA) . OFEEMF,. BIUGRM,
LD BERET ORI T L — 27 2N — DB TH 72,
BETHRRZEIBAHNZZALIZED, IV ILEHE
SIEREATTHREEW - HEPTELDT, T4
TADN—AGELLTRE T AR LETIY Y TV
DIZTHLIENTEL, YV TNTHALEN)ZEIZTHEN
LBIEPOIIEERIETHA, L, TITMEDD
FERZEIE, LALLM E LTEM
IETHMAOHEIE, v 72V TLNB75FTTHAH K
REAWMHZOERTH L, Ld->T ETOKER
HAiE SO EFEHIE DN TR SN R UTER D 2V
EVWIHTETH D, UTIZ, TOMEEHATS,
3.1 JU—VIEB SRR

- 129 —



e S : FRM OB RALIC & B Hk i S OB T AL (AT

3N e A E R Tl i AN S7 A Ay N NN N T A Y =B DU
UYL B ED D, —HEOD £ AT AT R
AR T AL 5 EONEW D EHICEREITR AL, i
R AP B [ 2§ 2 L R 20 B0 AMEMIZZ
DILEIEGGENW=OIZ, RS e T EEE7-) LT
SEETLONELL, EELSHREINEECTH D, EE
T AT ILRIIN Y LD, 7ot ETEET AT
79 7 A% T B DD THBH 7T 9 7 AN
METHRE T2 LM AEMICEREL RITL, ShE b
L&D ET2EMEBRRAF MR T 2EOMEL A LT
bo Fio WALWIR T o ALH S 7 BiE BT A Z &
DIETH B0 oL HRA AR T T v 7 X% DR\WK
RJEM7T O AR LTH, TOMBTHTTI Iy 7%
2 OTHIUTHAME LTOMifEIZ R EIRADRTLE
9o AT ZDREIZOWTE LIS T/ ) —>ThY,
TELIZTHATLADRI RN LT LR TH I L&
RO DM EH R 720

AL 72 MR E A < 0 TN B e AL A5 T
& NI XoTEALDSBEIES NS L RIRES, ARIRED
RTIY T ADECETIEDS T ES TR S
TWBIEIWZHHLZ, Thbb, IEEIC & 28
DORFETHY. WM~ A Y Y AEEEEMMEANEE
ZBT V=0 AN—TH>7zs TOFFEIMOTY ¥ TN
P2OVZERDETRH T FRCRBIB R B CLEATE
LIENHEBTH B,

WMIEEL, AEEHERE T CR7EFETLI LIS, Ir
W% AEBRE ORI L - S S THREAT ML
JiETh b WHHIIHEA DT ADEHFLTVWEDT,
AAEPNZIRENT X0 AR L 72 7 AN 35 LTy i
R CIRE LT 2, BHOYT AV Y AGEOELIER
FUVOTIHILE FICELZEIFTELR WA, HRE~T 1
A SRBEHRANTER TR EBEOMEI2ID, H

B4 SRS 2 2 7R~ 7 4 O 2 i By
(A4 100 kg)

—130 —

P LEDOERBELENIBO TR RLDT, TIVI=ZT A
RO LI NHEF LA RE R Z FH$ 52 &5 T
X Do WIEIS X B ENEE G OEMAAE Y TOPER
REHICTHRSTH Y. PRFFREHIZED O IS U TR
POEGTH A, D720, KEOERIFCTHAESIIEH
FTHIENTED, [ 4 IR EE S0 R B
PR R 7228 100 kg OMERMES 7 A > 7 A5 &R
FOMBIZ RS (ERDT Ty 7 AFETIZT T v 7 AIHK
FTRETE LS THEERBIDH B L D05, RBIEE
REVPRET2)—THY, Flow 7T v 7 ANEET
IR 55 LB 2 W O THEM 2N 2% 5 .0 D
BWEWIR) Y b STV, ZOHMEHENEZS
4 HAHRBEEL, BELEZEDTVLLEIATHL, —
Fy —HOBRT O AIKRABEFES L LR >TED,
RE DB AN 2 BT 57201232 LCRE L TR
BEATHIL V), ERIITKAT O ATH LI LD,
il 7o A0 I A MUICEHE L, EREEINTw A,
72720 BICIBRD X IR S OFHW A LT 572
DL LD INT R UELTLONHETH S,
3.2 EHENMTIH

5 2 OREIZBEMTICHET2bDTH L. STV
IZVAILHRTZ A YT 202 o TS
BTHY, = —DHWOTHRAT LI LIIRERVAI %
Ao ZOZLIIIT AT TLAOIEDZ N EALSE,
FRCOBENLRECEEREL 2L, ML TVIZTLE
GHN SRR E TR EO/NSCHEEEA T DD
WHLTIZ AT I MMIBFEORELATRTHY, T
L ZHEP WAL RRITZ L REM SN T
TEDOREEF LT 5, HEMAVEG & CTIXIED S SR
Elbo TRV AGEIHELHENEOHASTIVI=

R O 5

o5 ® AT TR Ty U T i
= Ny B » e e cam M =@

R o ol S darg

X5 HERME<Z 2T A8 48 (AMX602) oHkk
a: BEMHLAL. b MU UL oMK

Synthesiology Vol.2 No.2 (2009)



e S : FRM OB RALIC X Bk S OB T AL AT

YL EGLIENLIATHLHDT, HIRMLD 72013 ML
AT IR EEREOT VIS A=V T L RE R
CEWATEL. SHBHERE LTRSS A Y T — 271k
WL, oA R E LS BRI, 4
CHEPEIC B A TS, COMMER 5a lRT, TV
2T LN T 2R ERE LG WA S8 T~ o [
BEEDSHD TS Wb, BALILAE T I 0 X 7 5 LR
ZHIET 52 EIZAESTIE R,

—J5, YT 2ME TS EFE IR 25T S, Bk
TS B EERRE A S TH T, AW IZ B2
T LOEKERRIMTHETH LML LN LA #EHT5
LKV RIFRMTATE D, ZOkE, FADRY M T—
ZIROTIVIZIA-HN Ty AR BBALE UL
JNCHGNC R s s L e B i, BAIE IR PR SR
XD RERRIARAILL . RO TRUM 2 Mk & 22 %
(K5b) o AU Lo THREB LML E LW 1T %,
B 61213 AMX602 & DM E 2R3 25 ML
LA OB A3 BRI LI L1212 T4 LB 206 72 b 0
TIXEIRP O 20 %E R DL NVICETYHET D,
DT L, A SOWMEN LA #7213, WE
EMODNG Y AENT MR Z L LN TED T EEIR
LTwWa,

WVEIN TOEE R BB E SR IEA D 5o RS L
MU TS X2 8G B & PATLC LI LA % 58
B UG RIS X 2 B HAN OB S U EETH bo
F7o, BEFERLERZ OB L 7oA o A N ik 8 14 22 5 0
B RPN B FE & EI2H Do A IR LI SE AT
FEDRRE LTEH R K MBI EN MK - ALK A
RnZshoobh ), KA MOREFHMBIIET = =2~
BATBRICH D, 7o AV ILABEEOEEHOZL
S RICEIEREM R BB L TIMRAR L LTE L%
BIEEWI DU EETH o

AR LCENE T A 720 S M SRl 2 T
Do X TIIHMRIES 4 AMX602 4l L H L o [n] iz iy
I K 29857 3R EERFA R R O —BITH B ZOME DN

400 25
[Q]
g B zEone 2
14\3 300 | [ 0.2 %fith
& B #v 15 &
o 200 5
S 0 &
X
ﬁ1m 5
i
nn

0 0

FHEM $E/T4 HEUM  HEL/T4

B 6 HERPE~Z 2 A58 (AMX602) OREMRIYPEH
Synthesiology Vol.2 No.2 (2009)

B, HIERETREHY, £LTIVIZTLEHITHNR
TYD REEZ DR NZEDRHS R >TEBY P
WHMEE LTIECR T WM ETH L, 72720, s
THFEYR G TR Y, MR EM OB
MAFERICEETH LI EDPWLDNE LTS
3.3 UBAo)LEil

=7 =W —H A FOMELRIROIBEE L L TR T
VANV E SISV EEL > T WD, T2 A7V
LI AMCHEM TEIHEELRIFE TH D, VA7V
M4 B7eE LTHiE A —h —ICBWTHEREEE DA 2y 2
VA7 VEM OIS ED SNTBY, BUR TR
FIHH 50 %LL LA MRS RHELNVICH L, T2 H
ML L TERLEBEAD Y 2L v = EHE L
P A EE . LA ORRERICB T AMEBIE LT K
L TOMA R HARERO— B %2 X 8 IR T, BHI,
it 38 u m7 v F—DRTTHY, B Z AT
ELHTEERLTWD, EBHIT, ZDX) kT ORI H
FHEELT PkhovHEReRY#, Hish, a0
PR 72D DR AR ) W AE R & 72 %
SEEHLHICL TS P,

4 HREDHDEZEEEAF—L

FLOMEZ #7201, T b 767 Th
%) HAi Ok 2 WL 72 EC, WiiER Y Y a v 98
DIZODYF ) FPLETHDLEEZOND, W~

200
3 °
= 150
o |
g e i o
. O
"]E—E ':->
% 100 $ =~
B >~
E
[ S
50
10 108 108 107 108
IR T OEREEL. N,

X7 ¥Rk~ AT 554 (AMX602) D575 1 SHill

, 15KU 5000x 2.00 um‘OlSO

X8 M=%y 7 AE4 (AMX602) OMFER T (38 um
i )

-131-



WFEaR S« FRM OB RALIC & B Ek ik S OB T AL (AT

TAT AEEIRAEN, LA > TRE O SEME
LR UHiIEE CRE T DL ENTESL, Lo, BHED
TIVIZT LGP TIHLLEDTH 553 2 ITREIC5E
fifi SN EIEAEL O X9 e AW 3 Bl 7 — & 00 L
VAT L BB T AL ENDH L, £ T, TRV
LIS L7242 DB OB B RELIZE I DA
DD EVIBEILYF VT RETHIEDVUETH -
720 FEWIILTC BB~ AT AL =Ty =Xk
L CHLBRZ R L7 O S S O BB 245 C, il o
HEEZ RO MMMk A R A2 eI TEZZI LD, 2O
HHEA U CTHIZERSE D> F ) A 2R ER 2 S - 3k
AHTE, RN LR EDOONIZLEZ TS,
MRHIEBIE bR TIHROTHETH Y, fibh b0
WIITERM B OB WA ETH %L, MO TIL 2 HM 4
REENSORBOER U TH 5. EBMETHNR
ERBOZLBRENLFEMOERPLETHY., ZhieH
IROWIINITRDL LG IO TR VIR 22 5 0%
WTHD, Hald, BRE~7 ATy 20EMLEES
572012, fil4 DEREAMFIEIZH72oTIE, EhZhD
AVN—RITHREN - b=F WA A=V RIEHFLOD,
BOEHILEN) 12DY FU O T THMEZ EDS
ZEEERLTE %L“C%ﬂ%@ﬁl&@%?ﬁiﬁfﬁffﬁ
HIAEH L) GBI Z U T, HiEb 2 — SIS TEMEA
EARX—V R x\%ﬂﬁﬂttf@ﬁm@mn%%éﬁ
LIZB DIz, ZO7DITIE, R K. DR

%%@%wﬁﬁéﬁtiaﬁﬁwmﬁ&@%%vbv—ﬁ
%l U7 ZE B SR R T - 72

B oG L7zt e, 3 5 b b BEREEBURITEM B
KROMEEZBLET TV r—vavERE V) HEEZ 3L

BLEBOWIZERFEL DIz EDRNIT, HEHRELTO
LR & LTS HAT & v ) B A A S5 B SR B
DAFKRL = 3 RHN X B 22 B 58 R o 4
B WD RFALICTEHICH R ThH o720 HIHDHEILH
WTIE RYOITRTENNELBNTFA FA0 585
NOTEEEBERBFIZID . AHEIZTA— NNy 7 §52LT
HMRED AR Fo, EMHLOEM T TR H L
FTHERLNVTAFTERITNE, 21 2H0METHE
EFOPRVEDEHRNS, RDOK A TIIHRAILBR OGS
M7 BRERBIZ 2 CVd, —H, SEBEHEMICE L CIEX
10 1R TEII, RFER AR AR ZEARBAY, Fido A
SN LCENZN DRI T > — A DAL & Hefly
AL T AT T ED SRR B A IRATTE
IV, BHRAY M= BREELCHBAR L L
ORI X -T, EEEBEIIB IS EM L LT
I INCHABATE T D TIZ %L, HIIZ AT 54
BWREMS T Rk TEL LRy, HEHEORy
M7 =212 BWTIE 4 DEARRED BHEL A E T 25K
VALT B Z LR HREICHEAL SN ZIRETROR S, B
FKEOBEWHEROT COERFMHFSTED, hE
DIMHAMT Ay b T =212 B DEIKI R R L LT (A1
AL LTIZEMIN T 7 M ATHHDY) ., 12oDYF 1)+
A L) I 2 — 3 S8 7R 28 B 38 Tk o 2 3 2 i B
RERELCTHOZETHY ., BEMRBAMFHIE D20 D

W T Ty M= 2D BEREIND 2L TH D, B~
TAVIRMMIEEELT, ZOT Ty MR—ANSHRELSF
SEBA I R=2 a Y ORERRA L L0155 LR &S,

5 RALEREMADERIA

BAMTFEER

BB EESAT

A
I

igER llfb‘y MG
y

STit

Bl En KS#t v
> =<0
BT HEL L
— o tbyh-s=
HERE TN ELv g ]
v et EL YRS

Ny
gl i Sy

l a8
ot ¥ FAHERSS _
s _ Vo

D
iFmLuu E

rv
BEESm

HERIF

E pe! 1
o BTG

TR

9 HERMES 7 AT KGO RFEALRE]

-132 — Synthesiology  Vol.2 No.2 (2009)



e S : FRM OB RALIC X kB S OB T AL AT

- B HFEM - MY THE YV v M

AV TACHE 3 2 AL T E B IRY) HEE O R O i
LHDTHHULENHY ., b FIE T 5FEMOME
BEDHOWPEN T OMEE IAMIKESHET 5o
Tald, FMBIEA—H =L LTRZE S HITMEEICL S
B RN ZBEL, SmETRIXOREMEL v
DRFELFBHAREZHEDOT VD, EMA—F — 2K
e L7z, EMOZEMRGEZNL72DTHY, TDON
DO1FHIKRAEERZHELZE Ly MBS LELE
TO—EEENTRTHY, ) 1% mfld A4
AU REZR $ 3 A —H —T, IR OB S I MmE LT
TWEEZIIOATRY O X AEARTIZBRL TS, M9
DOf LB XSRS 5 B ER OB RO
WM THE L v MR,

vy

RS S RAP TR e S EB/ER,IL
TRITH® 28EICBWTIE. AR NTOFHY
BUENWHETH DT, LiloFiiE 2 —h— L FTHAE
BB i L) 7 S HAl ORFZEBA 2 D T %o B
WEDLDIITNVIZTLLRAMRIAT) ZEATTE, [T
NEMIL AZI HGHEN—ADERIEEGEOY; G KAHT
HWRIANOFHEDTRER L ThH D, 72720, MRS E
VIR OB B BRI X0 mE A & RIS E
BED F2T NV IZT AR FHERICHARTEARDI/N SV
72D EEE SR T B D THE LR FH LM
DT IRR SN TRV, ERZ 72> TRk E L
THMEBERLES, /oy 20 BET5, LAl &I
PLAANDETHTHLDT, 5HIT T MWL
M NOISHANRE SN Do [ 11 13587 BB B~
M ENTAGMZ T IR OBITH %o HRYES S AZX912
DFAF v AMAT, POEHENIRH SN LR 7 %
VYL TH %o

- BRI LI LB

TIVIH Y I DTL—AD X)) BT — R Wi 2 Ff
DEVEIE, S&RAIMELTROBVZFL A5 1L

ERRIMEEHER

U ‘ #HAMMeSEMNIHARS

I [ I | [ I

g s || TUABE Y REQE || REEEMET S
(e | s | 7)o 2 |2

BNR X 2 B M B A £ & EERSH O@FEHLTT
& m EERRER £ &' & M@ (Gl
EERSHR N
BERS

10 AFWRGEHEC & 2R TE < 74 2 9 A GO M LA
SERRWE T

Synthesiology Vol.2 No.2 (2009)

W EIZXD, FRICEETLIENTE S, HHIE
KRB ELEDTIRDBESH I TE LML LA
K% THEFEM TH L, HRES TR 7 5640 B
TOMLHUMLIZ X TEMOBENEHIZTELD
T, RO Ly hA—A—L TN Iy AU L B3 X —
H—& 2RI THBRE R ED TV, BUE BB DA—
=R~ 7 AT AIEM OFRMLDE 152 LT,
o RS ET O ETC BRI AR S 4 7 1 23 L
LSNTV D, T, B OB E BE O = 3 LI,
HERDT IV I = LM T S OB 3% 56 Ui &
LR FENT720THSHH, UL CFRP #TH-72bD
BRI D) A 7V ORFEE BEGE OB 25, S5
WCHERME = 7 A D DB SRR B AR TH D, &
DOFETIE, BB EALDZDDOTIVI= 2T
el FHEREE LY A 2 PR L) UTIE RV EFPEA T —
Bl MR QLA R BIRECEITH %,

- BRI SR G F

SR RS FEME & 1) S22 H I CHAMIE RO &8k
AMPWTHEZ DT Ex ik LIF, SRITHETL LIS
XD MEDORi -7 AR KR EE TSI ENTELDT,
TREMCEER N LEMNTH 5, HRE~T AT 20648
DT D EEITIHARTIYEEL L TR T
HELR L CEHL W ERGICHNATET S LA L,
& 57 U ZAFHH L H U2 it L 7 Pt SR &
L7288 M CLERRE TSR R L, o<k
RIS 2 EHERIED W RETH S LI > THRBIILS
TiE, FPRMLUBL &) TREEAEMLTH, =51
IAMDOHTHMELRLWEEEbH LI R0, BUE H
B A — A — L ILFTHE L ED TS, 72720,
BRCIIWELZICHE AN, ShEwiikd b
7oI21d 3 B 2 Wi TR L), FEFEHIFE T B
7o HBEN T ZE AR AT RO LT W5,

- Bkt
SEOBMITS TS ERBIRICES TN L TELZ L
LIERNLTERZMTH L, ., KT 2 >00—)

11 BRYE~= 7207 A58 (AZX912) ORI

— 133 —



e S « FRM OB RALIC & B Hk ik S OB T AL (AT

ORNZE IR E 72 13S0 )8 % 8 Ll BRRICIEIX T
EETHIEENT WS, RTAYTABEEDOHRMITONT
DREZEIE VA, EMENR T W E L DIEMEDHEL <
TN I = DA TIEE RO R LI A% 7
LT ENBAMEREH NI EDHELE L >T WS, A XX
O THlKIEH 525 B L LIS ZoTEBEMM
DRFENRIFICTE S LD MEREINT WS, LR L
WULA=A—2%2312, HE L mm TFOLDBEHIC
WETE TS, Fo, MLIBLMZZDRICTEIET S
HFIZBWTH, BRIFGWEEZAEL TSI LR INT
Wb, TITHEMRMASORNEELT, SR ERE T
LIEKRPIEALD LR D RO BENTE, B
Ty B X = —I1ZBWTHKIE 0.1 mm O # 5o #5E )
WREE Lo T\Wb, 72720 WM OEE 7 ot 23 TR
W NT- O HEEM L FICa A N OREDEZTH Y, K
IA MO OKEAFRIE, M LED WA BB FE 225
WETOLZAE T, WELELLOBEMAREILETD S,
- L UIEM & R 72 He R A

eSO WOR - L LI 70 & BBV N A % 42
BLREERIE. BB SR, HZeR, KRR
REEARSE, SFEFERT SV r—aVERORE RS
WBHEMTH D, K121k, 77V r—arol12LLT
FEHEMOEENT OB TH %o AR EITIAT O H T I
BUOHHKEZ 7)Y —L, BRILCKRECEMRTAZEND
JIRANZEL, ZBETOMFAPHED LN T NS, LTHT,
Dol 1D2DTAT LIS, §FaEd - LML -
Mame, FRES 7 VARESLETHY), HEHEF
WX —L LCTHETH LD, BHITIEREN LA B
Gl @ L COBHEMESLHETH L, ZOBITIX
TIG " 2L, 2070 0OBEHEEOME S L
Tholze F72 BMIZEoTIREREESIE L7872
HFEMMBBHEL TN D, TDZ &id, FEBOBFBHIIC
BOTORIRE W ORE P ULETH 202 Wik->T
BY., TRTOEEHMICOWTHIZEOWZEE 5 2y T —

12 B~ 2 o 0048 (AMX602) o3&kl i I

-134 -

7 DRFRINR AR AR B B B I BE IR G 0 7 4 —
RNy 7 REETH 572,

6 EENIFE

1 OOM 2 @M L L LTER T A720120&, I EA
SINF £ THD TIRIA VB I E 2 O ERMASLETDH
5o TOFRTIIFRINIRE I L VI XY, kHR
SHBEDAD NI Tz VW) IR TH B, 7275, -4
TR T BEMAROMEE LT 2 Y v L% b
T HM 2R > TR E RSBV, D012
(& LCA OB SERHRPUIIRE > THSE, I, Y
YA ZNVEA, AR =KL 7V DT AT L M
RO R DIz BIRH AR BN HFEATRINT WS, FRIZ,
HIROWH THRIZTF I T IVIZT AL ATT AV
FZWHBRTHY, L5 APRITIT AN 2 H 4
W —ALICIN 72 B0 AL E > T o Kl SR IZ B
TEOLDVEOBAAEDRT Y vy Vid, BFRITERTHEC
HRLTWDH, 2 THINFTIZRWEN AT L —2
AN—DEEEIN D, —F, WHIEREE LT, BEA
v Ty b OSVERHEA, KT A b ORI EAN. =15
EEOBAERAM, ST SE MR I X ORI Sl
AL, S 4 BRI ATH B LRLOFREZ L
ICBRBE AT - IR A M7 Ok R X B bR o L%
HigL 72w,

FAEEEHAA

IR 1EE &R A, TOBRRREBEZRTNLTSIE, &
R R A RIS ACEERE S A8 N T H
DEBIWOEIEFZN Y725, BEICH LTER
OBREEDTHIETHHER GBI WL S
TN 28BN LSS 5o

JHEE 2 W LB T RO MMEIN L2475 &£ 20l
JERIC XA DT Lo 48O 1L 2 5 ORI
TN T L CER S-S & WL Z 3N OnL.
L) SHBIEATELDS, WICHNDP ALY
PR T T %, Thsx LCRimis SN L35 L.
REE D] I3 ED 2\ OOHN TR £ 5,
— I HIE A RN L, B g AR L e O X E
Moo ILSNAE % FEFOWEIINH#TLI L2
. AEEANEBIZTED I LW RN 55 TS
B EMHEN D BRATHRE o BEBFITIL, TR S
572 RIS COM LA RN, F# s % 2 2 i
JE L Eo @i T oA BRI L EMFATX RIS %,

FHEE 3 T4 ML SR OB EZ I bao—V 5240
B OHRD 12, BMIZIRINL -G8 EL&HIRT
TRFEL T — 20 S E T b 28I EI§5

Synthesiology Vol.2 No.2 (2009)



e S : FRM OB RALIC X Bk S OB T AL AT

by RIRTIITH T 213 T O A& TEE IS
ATRTFEOIREZFFETHIENTE, INEHEMHRILE
W33 2D TR % i 24 70 5 C— 2 e ) P By
T5E, BITAATWAE TR MM AHHELT
BEM RIS L . S KD BRSPS, EMEE V572
MEDZEALT Do ZO—HOBILEZ FNLEL LD,
EHRALIRED S O A SRR TR IS5 2 L2 A
BEZh & IEON, il N Bl s 2 LR AN LR
REMFATERNEN S, SEFSELBULIHTOF T,
BICBREBOSHTIZZO 2 20 AL, &
NOEIRIRTE LTHIE % T4 W, %505 T6 L
EIFIENT W5,

FIRE 4N AEWFR T P57 12 X BRRIEOET I, WikomicH
BB AL, SAUSHOE L 25012 ko C
FINHPWRBIERLTREC LD LICL D, RAD
ALY 2 FIU TR NS CIS DR e = B 5 PTI2 58
AT D, WHEPRSTSERGFT TR LN, Wiko
PCE FN L RE L FEARAKY (48 TIERRIEY S o
FEEBAAEY) ORIIIEIIER OB e 725 Z LA
v, Fioo ZOX) A R L DO T O A A
A MTEW D ETE R M O K G & 7 o TN
FINHEFAMONENE T 5. ZOL) AEWORY
RELRLHEOZ L,

JHEE 5:TIG A% : Tungsten Inert Gas VAHEDUET, &E% %
PLTESTLIEEEDO 1. &BEEITHR T
T MELHNELOORT, WEEDOY T AT
BLEBEAGUMOMICEELELZENT, ¥ 7 AT 05
T2 M LI TR ED L CTEATLHET
Hbo HEARMICTTHEET H72DICHMETLIRIZ S #
TE B BOBETIIA—HWIAVS TV,

SENH

(1] B0A Gm, BkIL %, REPIefe, KIgBlE: <7 A Y 7 a~0
AV BRI X D BAC B A Ptk D ZEA L & B IRAL, £58
14, 69, 227-233 (1997).

(2] dv)siks—Es, Ay, SEER, B OE], SO b, BB
Yt WERYE < 27 R L A B A O NE ST IR EE R E(AMCa602B
DWEIFRENMAT T IR BNTEW OB, #h 5 X
£, 57, 7-8 (2004).

[3] AvJsikm—HB, Ay, Sl B E], SO, BB
Yellp  WEIRTE ~ 27 A T DA A D P57 IR R P (5 13, 3FEH
DR = 77 DA G D8 RN IR LA ),
A XA, 72, 661-668 (2006).

(4] Ay, AL IR —ER, BpIE], SOA G, RBFef - ek
P~ 7 23 DG A O IR R E (R T — 7 4 » 7 hF
DYFIE), #eph S %, 57, 9-10 (2004).

[5] BPIIsc, FHAE—HE, IR, fiARsEw], 7 2, AR
M2, NHEAB= 732 Y I ABIR T AT 7 05480 P
IR DISH, BIRFMFZAHEFAEHZE (20006).

[6] BP0y, & MG, N B, fhiAsgn], 4 il ok
w2, = YKo S8R ok LA Mid g on
I -BEART DASD R (5—H), HAELH 55 5149107

Synthesiology Vol.2 No.2 (2009)

FiltiE A SPEE (2005).

(7] BB S AR — R, (AR, AfiASEw], A i, oAk
w2, NHB= Pk o E S8 ok LAl &8 o
W=~ 7 2K BBEKRPOCrO B (EE ), HAZE
A5 2 HE 1534 F I A AR (2007).

HEERE
WA Gl (Srde Ab D)

1980 47 3 P K 2 55 — £ 1 I IR 2 JHAR 3K
1985 4R LA 27 K22 e 1 1 FR A 3t BRB) 2 1
FERHMET. Wl R o 4R 4 ] T3l
e JLH TS BT AR AT R S I T A I B2, 42
J B MR DO REZE B FE e e 2007 4 8
HESEBARe A WEIT AT F TNV~ T ) TV
WFFEERMIIC R, [ 4E 11 Akt vy —~ =
FB o ARWZE TR 52 7 LGSO MIREERRE O i &
oAy b — ZRESE - B IHEH L7,

L% ¥k (A0 OTEL)

1965 44 fi UL 373 ) T3 e A 36, 4R 4
H T H A e JUM T3 iy sk B b o 4 I T
AFith. GBI R ORI S,
2001 4F P MR AW T AT F 7~ T
V7 OVIFRER M BRI IS A AR SV — T
o ~BHLTRESBEMEOBRICHERL,
SR LA FE O FE N TR B 8 B LUV

LGOI THAM 224 1L 720

BEREEDER
BRIl YIRVIULBEOMEIIFICDOVNT
AN B QK BOE  ERITE T — 71 R — %)

AT FE D F1 2% I AT 1 2 B 2R R A B R O iR = - E R LR
ALTOBRIANF—LTY, LeLids, BEOEBMFETLD
O, ALHIIHRR DD MR TV I, E5I2IE CFRP Xk kb
BT, BT 2T I AP ROFNI R S>TW DDA
METT, B1ETIE, YFIVFTOEAIH->TETEELYT AV
T ADONE DT AT UL ENH L E BT T,

B (A i)

TR LR WIS 2 & TR E LCTOMAL ZMET L
ZDRNH DRI T NV I = LD X)) 7 EAF O FER R 213 KT
DL OB RALICKEETHIEAHETT, EEMEELT
DOWREED B M EHIZ 135, T AV T AIEDOED T
DIDEEZTENE T,

HROEBELTHEERBROFHEERTH L. ThaiEefts
D720 OMBHIEM R TV I =y AU O MR AST & B IEF MR T
FIUER ST, TEMRELTEOERDLH LML LToBNE,S
TR LEERRLTOE T, FEDIS. BT~ R Rk
BRI ELTELZONT Y, T HEOBREEER S AT LANZOE
FRRIChIoTHDLILE DI TERL, FILWIATAREYT5
DIZHE N WD T, ZORERAMEHEEAE DM R & 132 T BN 7
LOIZHRLMHEREDH L LB VET, UL, HEMEE LToNA
LEZ WA, RIEVIEAFOBIAAE R TV I =T Al AD BRI
T AHLEEME. ENLIRBEAMOBENSDORENLEICLZ LD
LW,

HEime WmbZRMULICYFUADIERICDNT
aX b B R B R B 7 1 ZWEZEER )

— 135 —



WFEaR S« FRM OB RALIC & B Ek ik S OB T AL (AT

WA B D BIR S 55513, VT I BRI X B~ 7 4
T ADHIMEDIER SNz & REALE TRRLT, EDREEER]
R NEEFHM R BE SN, WIRFTME LR SN LI RT
Fo Fo, RERBANLIRONIZE TS, EHRMITEH S 5 BRILHEE
DR RERE L CRIEEZEIRSN20hEH 0, UMK
LHALEROMLE TS L B8, B, BIHLTFIFELT
S ENTELDEIDECIHDBREM O DN ET. ZLDHT
D D o oD TR RV LR SN T, AT FE LARTEDR
TEDHHEBFEICET 22 F) A DREETIERWTL 89D

] (A i)

BWEALZER L2V FUFE V) DI, BARE I ET2bIFT
TA5 RECESTIEHSLYAOZETHY, EIXRDRMITRE
Wil TR OO Y FIFDREN YN L TEEnHZ E
MPEETT, 72750, REMHEEE VW ->TL 20N — M2 EFE D
LD THoTIRILDF %L, RIIVFEREE L2 B 2501 A3 &
LR F T, T OB EEREER AR AT B o i HE L A S
ZHEVIRERARE )L THRLELERDEBoTWEY, 2Tl
DRI T F VAR AL TV LW EPEETHH-T,
WRWEFZES LU, MELTEPNIIRITILZLDERS>TLEH &
EZTVET,

B3 EMOBE(LICKZIEAIRMRICDONT
=5 NGV E )]
BIZEHBOOBREALZEIT L L0 KD b EHFFEA P
L. REMZEEWE LTI~ 22 v 25 &2 28k &
LCIRB SR oMM 2 2 R S cwEd, Lol
5. RAOBRALL VIR THEREFHMECTXT I, O
OFRMZIY ENIBI OB BEAANDOHIKD 2V IZE T AR D -
72Oh, BRI EMEEZIMEL TV NS REOMRL TS
LEZET

[m1%8 (A i)

TR B H T EALIC X 2B T AR RO EBRAWIFES
%LHEOTIHRTE. TR BRTETHY. HEL LKL DI
LWL TY, Ll AT AR EZHEIIRTI LI, 2
BPRSHHIETEDHVERTA. BIZITREDEHLHB)HE A~ —
LORFWETORERTIE, HEIHEOL Y TRy I VOEA N D
IO boThniE, TV ORVFRBTHEOTIVIYANS
LT AV LEA N E THERENFHIISNTBY F5, 72721,
CHNIEHLEFTEBTHHT. YA OFERLIZRZ BT E FICH
DET, FHMEMOL AL 1WHAY 50 bIFETT, ZOHFT
WERVE< 7 2 ¥ o WA T R 0 S0 2 EEIT 15 kg T, SR

—136 —

WBHREROTNI=Z 2 BMEZDFFE T AT T DM L2bY
T, HAPZEDYEHZERIIEL WO T2, &R THELE
75 kg DEERALICZR>TEY T3, R PHERAEN R T OD 7 b
Tld 1TH72) 500 kg DFEEALPHE—OHELLTHITON, £
DILOMNT5 kg IZETEHVFTHEBMLTBY, ZNTHLH
A=A = BEHENEMNTB I, 2 I ICBELOMEE
FICEVI DL WOTTA, kB bbb RIcE
NHPMTVHDOZETH TP DIINTEZLNLIME L L bbDEE
ATBVET,

HER4 EEEEERAF—LICDVT

AR Rl B

PR = 7 R 2 A DS AR A TR L 7B o0 SR A S o B
A C MO RO MM EEL LD TEZI LN
KWFFEORY O BbhEd, HHFHMEEELICHD., AP
W, BEMOE, AL KY - AR ZE R & O L%
THIENTZ DD VIE T REIN/ T2 BRI 7280,

[ (A i)

ARG A EAMBETEETH 722 81E, FI RIS BN
FHEDO—HDB KW THLEVWHZETT, Thbb, Hiliokks
LCOBRBHMEE V) ZEPFHAMITIRDEETHY., MR~
AV AEEOFELIZZOHIIZHT ) D TH 5 &) liliks
FEb 2 7oA O R E o TBN F9, LV IHIDIL
EPLHAMBTEE ZDHDOE T R AIZOABE LD D LH I Bbp
HT, BUCEZRDZOIIEBL WD HLHDOTETA, s
2 DU EICHAT B OIS D B AR 2 A LIS 2T
BRUIEZTHIENAWPIATONTEY. ZORKED R
ZFOEIBRBENITELTHE72PIFTY, Z2i2BwTid, —F
DR R TH HRED, BBEBUAIE L V) BB 525 2 5 158
FHOTUNIZZEICRERBER DS D o7 EZTVET, MZT, i
HREDETFN— a v T ETIE, FRIIBETHLEND
KRB RO OBEPEETH-7-EZTBET,
NoHE—o0FLFNLLTEHZ, HEEMARE LColbEoHY R
EMEFETAG NN EETHHLEZE T,

L2LARAS, EVRANRRZTLAIZoN, HHGHRZ0H%D
HW AR, EITERA R BER KPS RNEHTLAOPBFETT, 2
MZOWTIE, LA TERZTEMELATAHIEL, A=
LR L A>T — 20— HEICHELTWLZ LR XS
LERIT, TDRDIC. HO5WLKESEFE LGRS T
DOFEARMOY %%, TOHE. HItERe Y )+ OFE MR
DIRFTZENEETH 722 BnET,

Synthesiology Vol.2 No.2 (2009)



YreviuY— WL

ISV IRBEDEIRTOCADEILZRIEELT
— WA VIR0 —
23 VAT N 11 I S IR /A NI T i I

@ﬁﬁ%»>ﬁ7:/7xﬁ% BOWTHEE SO A BITLHEAL I EF— DU TR EEFNT WS, A5E
I BEBELTWA AT Iv 7 208 E T TOv 2% 5 51 Lt%lzﬁmtx ZOWTHE 21T o720 WIZERIZSIZ B2 - T, EH;W
T ANO M H BEAFEE ORI AR T A MU, BEBE - S EOMEFFE O S 2 3% L7 TR 7 1w AT OMaT B L O
N LTIV ADBET O ADE T AMUIIZHENA 27 —mORBILD LI B TLDTBOTHITH Y . T OFEEFH A ~
TP OB D7z HON MR R AL OIFEIFFEZ 8 U B A T A v ~# S, AT AV —= O KIEZRH
WUIZENPEN TV D,

M ERER S R 4

F—O—R:k53Iv72, Bk AR N V-, TakA, K

A strategy to reduce energy usage in ceramic fabrication

— Novel binders and related processing technology —

Koji Watari'*, Takaaki Nagaoka’, Kimiyasu Sato” and Yuji Hotta”

Because of serious global environmental problems, the ceramic industry has been concentrating on the reduction of energy usage
during manufacturing. In this project, we have investigated low-energy processing techniques for ceramic components. Our research
and development approach was carried out with the goal of realizing new ceramics that can be manufactured using conventional
manufacturing processes and equipment at low-cost without significant degradation in material properties. After a careful investigation of
possible technologies, we concluded that a decrease in the amount of organic binder is the most effective technique to promote low-energy
processing, and have successfully developed a novel binder technology. Our technology and knowledge have contributed to greatly reduce
the amount of energy required for ceramic fabrication through a collaborative research project with a private company.

Keywords : Ceramics, manufacturing, energy saving, binder, process, water
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Development of high-sensitivity molecular adsorption detection sensors

— Biomolecular detection for highly-developed diagnosis, medication, and medical treatments —

Makoto Fujimaki * and Koichi Awazu

High sensitivity sensors for detection of molecules are aspired in various fields of application, particularly in medical technology,
pharmacy and environmental sciences. In the present research, we have developed a high-performance molecular detection sensor for
diagnosis, medication, and medical treatments that utilizes waveguide modes as basic technology. We successfully obtained sensors with
high sensitivity and stability by applying nano-perforation technology, optical simulation and experiments, and an originally developed
sensing-plate fabrication process. In this report, the scenario of the present research, elemental technologies and their synthesis for
achieving the scenario and the properties of the realized sensors are described. In addition, a rapid progress in sensing performance

obtained by a breakthrough is reported.

Keywords : Biosensor, waveguide modes, optical waveguide, evanescent field, molecular adsorption
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FINTESLT, SHOBMBICRELRBFEIFELNLTY
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MO MEBRBIIAKAE L R WE RIS T B2, /N A F
WEYE Y — DB EITo720 Fo FRICAHBROMAR,
Bl ZAZ MR IR R W & 0 G A AT ) sy BRA W)
HRAEL T VD720, B L7z WIELAL O (54
) TR E SN TLE ) SEARERME L 55, Lo
T R OB E LTI T 572D DRFE L1720,

2 HFRERHEY—ERE

X 1y —BFIRO SN L5 E, ERIRIC X
THIRFCE MR S ONI RIS LS TERZTEL A v
FMRT, ZOXHIC, HWET L =%, FEOY
B () OFEZIRERL KEIL, ZLTER /A XT
B2 THL, FAxlZ, KLy —0RZIC, Bk
PP Z. ZOMREL 2FEREO LA E),
E—F"F OB LS THRING 2 BE2 AN E LT
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B RELICIN 72 U F R3S,
2.1 INREVHMEREESRERE—REVYY—0DFE
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A DT RAT 72T Rt v M2 4 R £ —
K+ ¥ #% — (Evanescent-field-coupled waveguide-mode
sensor, EFC-WM > % —) EIEFITP MRS,
FIHERFEHE L THRESN TV AN =L L
T, Fii 75X L8 (SPR) Wty H—23%1
SNTw5 U, EFC-WM &> H— DA DB #2255
129572012, ZOBRZERLSN TS SPR £ H—D
W & IS %,

— %12 SPR & ¥ —TIL BT T A IR 4
R AR L . AIm SRR & SO O TN A & ] — o
HIATHBRENIZT VAL %E T 5 — IS, &8 M
1ZiE, WHDLTET 7SI AEY ZH#R$TAIENTES Au
R AgPHHNS, H2(a) IZSPR Y H—1THD EL
HOONENFERERT, TORFREZZL v F <V
BLIFEND B, 2Ly FUEEIZBWT 7Y XA
DENHFEITTHREAGTLLE. HIHIFEDAGMAICE
WCAE B IR IR 7 I ATV DRSNS, TOA
WA R IR M LIRS, LIBMAMAE TR AR L TR
BRI & B oM EZME T L, ALK T 7K
EVERETHI LI LS TREPEREDE LA T 5,
KT IAEV L, FRERMOFEROLZILHETH S
NS, RENAERGFREPRATLE, ZOILES
HEALL . HOPRBEDKELEL TS, OGN
BREEDZALERIT A I LT RS F DN 2
W32, FEdTORERINT 5720, S&REMICIE B
W G551 2 RS A A W 2 KHBAT L TH <

EFC-WM t ¥ ¥ —IZHW AL, 27T R B2
BCSIE & 3% W A TE RSBk i % R0 M) s IS B
FIiE, SPR vy H =L UERDEH W HETH 5.
X2 (b) 37V FvUELEE V2 EFC-WM 24—
OFFEREE R T, SPR LV —LERICT ) XL EAL
TR A T2, H2FFEOAFA QLEMA) 1I2BWT
A TR T 5 TN Rt M2 A L CTASHG & Bk %
AR T HEPE—NEDA T U TDBHEL D TDRF
AR CTHRE AG 28, BRI L M3
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s
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BEBER 00900
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WM ¥ —ITHW SN B .
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%o HPE—FDH, SPRE—FEFE KEIRBIZHIET
BB, B FEORMIAERG FREDPRETLE,
FREDILIEMEALL . RO ZALEL B, 2
DRFHEIEEDZALZ R Lor FW G 2 i 552 o ¥ —
238 EFC-WM >4 —Th %,

SPR t ¥ —id, WARZEEERYE CTHHEILL 2o X
V7V —=RRIMFETHY. TN ERITDTEH T3
MAEEZMRNTELLETORELFoTND I ENRELRNE
WMTHb, EoTC HMLRT NI LREPIAET, ZOk:
Ry MU HUATZ 5 LW B D 5 T/, Hifkz
FTRMEL T En b, ?ﬁ%ﬁ%’?ﬁ“%“)ﬁﬁ’?ﬁﬁﬁ?ﬁ
b, L7edioT iR ER 559 FO%H), FlziX
BEDSTFREDII BB T TRATLI, RE %EE@ z
BlgETHZLDTEL, LhL, BELVWIMTIE, Fik
WHE %SRRI, B2 IXBERA G WA
(Enzyme-Linked Immunosorbent Assay®, T A4 :
EIPFIENS) XX 2~3HRELLESbh T (72
72U, I WER R OB RS S, WER R
ORI BB, B, IR R
P W I T 2D LEMRALRBERICREELE
NB72DEROLIITHEL ) . EFC-WM >4 —3 SPR
¥ =Rtk TN =GN TFETH L, TRET
EFC-WM t > —id, SGRAT W EICHIBR DS 22 &R S
W P OW HDEZ 575 EDFENH HIE 0 0b BT 5
FWAEBI =L LT SPR U H— DB ELFLTE
7oo ZOROBREZIEII, 75 FWRAEREOLEHDLEAL
HEOMXHEAS SPR &2 —IZ NSNS ETH D, L
L%&25. EFC-WM & —Ci B ADIEIHH, Lo
TN AEZAL T RE RO L3 /3o
LSS H D, F7ow SPR LU=, EFC-
WM & —CTlREW G 2 T T 5 VER TR
M2 %0 L LEAIIZOEREEE TRTLILIE,
SORDEBERIENOBTHLEEZ T INOLDOIEBHEE
7L EFC-WM > % — D&% 2 ~ 3 fiilfl LT &,
AT AERI o — DK E L L TIEH L v,

Eﬁft?@ﬂil W RSB, ARSI T 5 EED

LD RDOLN S, KEIH V"]‘ﬁﬂﬂi(fi HIRET

i)éﬁ‘@x 2 BEOREEZZITR TV, ARG
Fd, MR IR R MR 720 & AT S AT TAKL :‘(Eb)‘fb%o
KT Ko THERDVLAL T 57280, SPR Lo —%
EFCWM ¥ —D L) ICHEEROL/L MmN T4y
—& IR FIR B LTI ICARE Th bo v —
ZEEREIAL TSI, ZoEREEOMED R PX
REFEREZHRETH 5o,

ZDEHIZ, EFC-WM & &3 —% EH#5BFCfl HTTRE
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WD Do LrL7%AY5, SPR A%

AR BRI TEE T51203, Wi RO SN 284 %8k
BT MR LA EH
T&7%\WV SPR £ H—L13#74)  EFC-WM t 9 —i
B EA RN SO 3 2 MR ChIE S S50 54
B CE, F7o, EIREREIITEHEEMETHN
EEDE) LB TORHHITES, LWIHIRELRAMEDD
. FIREAL, SR LD R HAL 53l o7z ZITHA
i DFIORT Y FIAEH#E. o —0Eika tici
DHLAZZ,
2.2 EFC-WMEYYU—E#gEbkDrUF

TP AL EREEAROMEICEH L, K31
T — PO ST B O BN O & 5 \#ﬁo)/
Ial—vasiERERY, 22Tk, AFPtIRIER 632.8
nm O SR, FWA T ADIRITRIE 1.769, S IZIE
40 nm ® Au. EPREEKEIZE X 500 nm D) A H T A
THhoHELTz T72 BPBREIIIKITRSTWDELT
AGHtiE. oML SNTVS, K505 5 %
I, BHUTEIE BB CTIRC, EPE R T E TIEEE<
%oTLE) o COBBPDWMNLEIS FEFETEIU
IEVERETHO TR TE S, LoT, FExid, #(ﬁ
BERCRZTMR L. MR PR HMNICHEE T2 E R
72 B, Z DRI Ko TRIE MO RN AHZ 52 L
POWHETLBAEROMEDLEINT 5720, L) KREREKE
D EFED DL, ROFAX1E, A EOREZ< 72
By A OWEELY /RSN EREFE LV, £oT,
RV L EA. REEE 10 525 100 nm R EET%
FIERS vy, F/2, RIETTEAZITIRVED, LK
ERMBIINA RO B0, EYeHe a2 FHl 3 5 FEEE IR
WIEDEIND, TOXYITEEDNEL TART M
BEVT I/ REBR T THELT Frld, mlEAFY
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~R7 MY A0 L ED T ROEEATRETH 5 P,

WIZTKAE, B OM L RS EOMEHZO W
TRELZIT-72 % 5%k EFC-WM &> % —Tid, KX
WIIZ AuR Ag R EOBERBEHV P4 iRk sh
TWp W F 7= SRz NS OB Z VA Z EIZ X
T BWBEMEONT W, E2ADN Zhboon&Ed
EFC-WM Y4 —=IZHWOEN LT FIARMRS T TATF v 7
FER, B EEREE LTH SN 2B ERE L 0% A ENIE
HICHEL, HICHINTLE) LI REED D -7
L7zh T EMCHA S EEE 25572012, B4
JE % AN D VTN D 7205 ZOFHERBOEAIZLST,
LU — ORI T RE GO A NS, BESREoR AL
W BN E o T W, Y IaL—Ya i
Lo TED L) Bt E e & R o 72 MBS EFC-WM >~
PP EHMETL. 720 EBICHRA I E
TERLT, v —oMikltiRE 1772,

Y LEOBEOMEEIDTORETH LTI, oo
MR A ZITC Fald, F/ RIEHICE L7238 )k A% S
ZEIRILL TR L 72U AF FATHY, F2 aTEE
LTSI HWAZERHNTHALIEEZR L. IS
DFER 2 FE 2 P 41%, Silicon-on-Quartz (SOQ) &I
ENB ) HH T A B HHE S SiBE2FEON) A8
AR U 2 BB S I, COBUREE, SiE 2 BRELT
W ME RN T2 FEEER LY, ZrzZoFET
TER LM% €D ¥y 7 IR EIFA TV S, 72,
Fxld, O Ty 7 BIMBAIE W) O SRR % %
IR DT ERFHL, RE R EREEZER L.
DZLFAB[TULAZANV—] THRB, M41ZZD—
HEOMFFERFE O A RLI2b D TH %o

3 FHREOmMR
ABFFEDOP) A Lo TR ONTRFERZ LU IR TS

ERE—rEVY—

T)\REVMEHEEE
(37 <)

SREE BREL
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3.1 F/RERERICRIEREL

FElRoXHIT, EEEAOF I RIBKIS, HHREAF
AN Lo TER SN BN T v 707 v AR L 5%
Wy F U7 E2HG, A3 VBB RFD 12 MV
&y FAMEE Rz A VB EEK 5 1R
150 MeV THIFEL 7z Au A+ > ZEE 0.8 um D Al 744
IS5, 58, 744N LTS DSEELEN,
YW—TERBEORNAFT =2 EIN L, A F
C—2ADBREIEIZF v 7 LT 100 pA/em® BEL 25 X
INIFHE LT MWERBEICT 2, A4 B
251 em® 4729 10° ~ 10° D+ — &=L IH IRz
Oy ZOIH) BRIRNEAEZIEEICHE T 5720TH 5,
Iy Fr7ICE 20 %7 vBRICK B ALV, TR
B ANTZBEBRNNS, 7RISR S RV ISR 2 A,
W E 7 v IRAESIIE 5T,

6 1FE S 2.0 um @ SiFAFRALIEIC Au A 4 > % B4
L7z, 7yBHAXT60 5Ly F o7 % fTo7- R0 R
K OWili SEM G- ECTh b, Ty Fr7Ro7 v iR
215 Cel7ze MEY, BAMALIEZHE TR0 TSN
TWBIENGhDbe Ty F VT HOBBILEOE SIZ 1.9
um CTholzo DFVROT AN MHIZ 42 £5b, DX
NIy AFHEICES>TH 10 nm F—F—DEEEZFOF/
RENGE RSB TE %,

COFHERHCT, EBICOY AT AER 2 FFOM
A DED: BRI RE L. RO L2 il 7z,
FEMIIE, T AN (OHARA S-LAH66. 2 cm £, &
&1 mm. EIFE 1769 (K 632.8 nm)) M. K
BHELZIE Au 20\ 72e $720 Au b AN, Au b
WHERBOBABELT Cr@E v, ThHoIZEZE
HAEFICE ST L2 AuDESEE 53 nm, Cr DEX
(2 0.8 nm & L7z, ERBEE ) AT TAESY =7y M
ez rf <732 0 Y 28y 51) V7B E > TR L 720
L MIEOIEE1E 550 nm & L7ze ANwF Y U7, H
W & BURAL 572012 K A 600 CC 24 IRg R 240
U720 ZOEPBBREMZHIROTTEETF/ R ETT-
720 AuAF Y IERIZ50x10° cm ™ L. 7 v R

EEREEOE—L

IE)
Au®* 137 MeV SR
FvJ
AlT#A4 )b
[E& 0.8 um

5 T/ FIBHACHIV B A 4 VB F ik
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T30 G My F o7 efiolze TOLEEDTVEEOMIEZ
190 CEL7ze 73Ty F > 7 OB 1 f O
i SEM G ETH 5, KITRTEIIC, BHEH 30 nm D
FIRPBINEN L, /20 TORIZAuEEFTHMLT
WHI LG DB Ty F I HOEN ORI IE 400
nm CTH -7

PRI L 7= B AR (S S-LAH66 B i £ =447 7 1) X 2
BRYFUTFANENLTEESE, 7Ly F Ui
W&o T RO A S AR DO E 21T 5720 HGIFIC
1% He-Ne L —H%— (985 :632.8 nm. Sfiit) %HW7z,
S AN IR PR T 2720 DML VAR L7z,
W ICE A F oV KMBHL, 4 F2 T2
$ETBHANT MY I R & B R L%
BT LIk oT MMEEZFHEL72e AMLT T
UV ) B EETICEA L. Z ORI 100 nM &
L7z BUBICHIERREZRT, K8 (a) 13/ REFROH
WAL, 8 (b) 13/ Rz BB Z W THlE L

6 SiBEALBNIBR LT/ RoKE (F) KROWIE (45)
® SEM B¥i,

B7 F/REBELIBHBO LGN () ROWIH (F) @
SEM F.¥i,
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A OERER T, ARLREEVHEZ AN T I TEY
YEREERVY YRR T 7 Lz OB, AL
ANV T NTEY YR EE) VRS 2 W VICTEA
L. ANV RTED U R EFF W L7215 O RS
PETHLD, WINOWED HRE—FEICE 20—
IHBEEH, APV T ITEY VIREICEST, ZOE—
IHLENT T NT B EN G D T/ REFOIMIL-
THONIZAN T INTEY VAL AZDE—2 DY T
M 0.38° ThH otz — REFLGWEKRKTOE—
737 MRIE 0.06° THorze TOEIT, RBIFITEST
KIEZREDON LSRN E2RTIENTEZ, L
PLAEAS, K8 (a) ICALNAERIC, T/ ROEEIZL-
T U= OPHEIEAIEAY . IREDTELZ-oTLE 7,
Ty FU 7 EoC B BRERTS RN TLEST:
ZLIZEBHDOTHHEEZLN S, EE HT7TICAON
5 X Ty F U7 BOBI IR T IRO M A
BlSh b, ZOMEIZ, 33TIRBEOE/ )Yy 7R
HROBAZEIC LoT RIRICHETE .

3.2 R§tRM#

EFC-WM > —0EEE L, KOO ICR &
MeAFT D, F2TERAE, YIal—TYarilioThiA
7 ORI RHI 375 2 o —REOFRE TV, 72,
EBN LD o — 2R MGEEE1T 572,

M9 (a). (b). (0) & ZNENFHEIC Au. W, Si
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b AVAL STO) & A b R A L N WA o A AV
72 M OIEITEIZ 1,769, K EOE 21322 h 40,
20, 30 nm. EPEHEOREITER LIESIFEN LN 1485,
500 nm & L7z AHPEIE S it Eh7z9k K 632.8 nm @
Byl Lz IR RIMIIKICE TS EIGEL
720 SRR SN DRGSR FHZ K> TRR S
HOD, WTFNOWED R BV TE =7 3Bl S
NDBT LD Db FEHFFHEICBIIAEIR. 2D, HE
WEME R DD TIMERDLDNE, N 77T Ve b
BHERE L LBOIREIZL->THRESL, ThHDE—20
friE i, EHE RN OW B A LT T M5,

ED L) IR R OM BRI E LTI E LW
xR D720, A E OB RIEITH o + ki L
JEEEDBIRZ R L 720 FHAERIRZ X 10 1R 9. B,
P FERMICEES 5 nm, JEPTE 145 OWE WAL 7
BE IR oN B KA RS, KERO n RO k
EOBREIRT, 22T ASPLOWEIX 632.8 nm, %
WA FAR T ) A LOIFEFEIL 1769 &L L7z, F72, &
WD S RO E#EIZZE N1 350 nm. 1485 & L7z,
SEORFHEE, R H MBS RO IE Y I 2L —
Ta llioTRBMAEM L7z, BoN722bmd RE
W FR T & RO MRS RO AT L & LT s 2 4
ThHrEVZ D, HHFIIE, OO OBEERITEE
BETRLTH S, GHEMERESLS. HERPLHVLNTE
72 Au, Ag. Cu b\ o7z EA B WIREZ R $Z &A%
Dbo TOWRICEHVEEZRT DI, Si® Ge RED, n
WREL k DWNSOMETH B L9 D %,

BIHIZELHR L 72580 20> OB E 2 -V T BRI Z 1
B, AR EFRBEOE A F - AT T EY VIS OB
2ol ARV MTEY VL, BEAD 5 nm FEE, JEIT
A3 145 THY, HIRLETH AR LI VRER S HIRETE 2,
11 TERICHW RO A R e SR B TR S
NIZAPV T NTED VR AR ORKIAFEZLE | A R,
& RECEHR TR O NIRRT LR | A R, 27830
Au Z BB, AR AN WA IR
WIS Au 2SHANTLE WV, EBREZHON R >
720 EERTHEMETIE, CuZHVWE o | A R, J=0.505 28

(a) (b) (©

08 08 08 1
04 T OAL 04 /\\[\

0 0 " L N o
57 58 59 60 61 62 50 55 60 65 70 50 55 60 65 70

AfiE (B)

JSTiES

AsiE (B) AfiE (B)

B9 KBS Au(a). W (b). Si(c) ZJH7:IFD b
DAFHFAARE, KEEOFES3ZhEh 40, 20, 30 nmo
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21 BIBIERITH O OEBEM L. |A Rl | A Ryl @
BagR

RETREM# AR, AR,
Au NA 0.719
Cr/Au/Cr 0.263 0.380
Cu 0.505 0.683

cr 0.064 0.101

w 0.070 0.098
a-Si 0.234 0.271

Ge 0.139 0.405

BOFMWETH 5720 LELAEDS, Cud AuliETldzk
WHSEEEDE L HIDINDE U 720 Au S IR Z IV BB,
JEX 08 nm @ Cr @25 E LTHCWE A | AR 1X
0.263 TH o7z B ONIZFEBEH TITREREEFZHH%
Au DAEEHE L LCTH WA ORMEfE | A R.,[=0.719
LR D EEPITEEDPMRNZ &V 0250 RICKE 4l
d a-SiZHWSAD 0234 Th o7z Ge ldFHHETIE
KER G REEACD IS NIzH, EBEORKE LG AE
D3IFDIRETH o720 ZIUIFHEAEAHAES Ge D
EFEEREHCCTHBLZLOTHY, —H, EEBRTIL,
A2y ZY) Y TEET Ge @R L7270, TR STz Ge
BN TENVT7AE R S72720THILEEZLNS,
AFZE LD, BERMHENTV Au. Ag. Cudvo
7TeMEFCIR. BWIREIZRON D00, R TEICHEED
HDHIENGh ol WREMEIHEAEDOEATH 5 14 R
PTEDLD, BAERECIG A ORI, S & S
LTHWS G OKELRRETHY. 72 SLEFTITAM
B EOBEMDIFFICTH O DS, BEWEBREOW T
A H1203 SUHRM E OB TH L L E 2 50

3.3 E/YUIvIBHIR
P77 a—F26, Fx DI RGBT 2 5 &
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X 05 A
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ANEDTHTHINTH DI NG holze LL, K7D
SEM &0 5055 5£912. A289 5 1) Y ZIEICL->TERK
L7280k BRI RIE, -/ 7RIS Ko TR TLE W,
RO S LETIERIL, ZOME. TR
A EREOENTVB R o7z K 6ITRLAZEDIC, Sishik
LIETIE, COXIBLKEMRNPITZEALEL LN LD
5. AL, I BEIBRKIC Si OBWRIL T 0k 2% EA
TERVDPHE L7z Si &S BICHW 6, SiEaxlE
CBRLTHE, oKz HAMBILLCRE K2
1 SiEIRALIR A B L L CTROBIBIRE TR T & %,
ZORE EARTHWLH T AT, BEMBLIRZSN S
H AR B UEN D 5,

COTATA T 2EBTH010, Fr 3 BBOERIC
SOQ #EME MWD 2B R L7z, BRHIZHRIZIZE N
AL JE AS L BT D2, Fxld, BRILRE DK
AW M 2 AN, SOQ AR Si Ex#Ld 5
ZEIZEoT VIUAHTARM I HEEES ST E RO
Si0, s Fe g & FE oM 2 ME R L 720 MO RO
B2 B 11 R$o BRILHET O HLAE & ST OIE S5 440
nm TH-o72. TOEE, 1000 CORELRE GLHBER
PHACHC 1 BRI L L 722 25, SiBREEBRIL SN, JE
S 482 nm OEPE AL SN0 o7 E 220 nm
O SiBRGEE LTI S L e D, TRBEI YTy
B CTH %o

U AE LR e
SRS 440 nm | KEESEL 482 nm ;!jgif”g
I
SUNHSZEIR |1000Cn | O PHTARR

11 SOQ JEBL D Wi, Si b2 R A B LT 2 15
B3r7rat 22 FHT 5,

He-Nel—H—
632.8 nm

N
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SiRAZER
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1’5%:L7’=$ﬁﬂwii P12 1R $E9 BRI v b
M EREZIT 7, K13 (a) KOV13 (b) 132
neh, F/RBVEFIRBELDOE) Ty 7k E
WT, EFFU-AML T ITEY YR E R L 720K
W EOZLZ R, AGHGIRIZIE He-Ne L —+— (I
£ 632.8 nm) O STRtEH W F /7 ROBELEILH 50
nm. %5 x 10° M8 /em® & L7z Ko E LA
Ay SIS A5 72 O BCI G EE DA S AR 2 7R 9
T RIS Lo T B2 LD 7 MEAYY 10 51275
TWBIEDNHG DD 72w F/REBICEST T4vT
OPAEMHIE TREL R o7 BEIZHFEALEDOT,
Ly F YT ROY A= VIR L8 RA SN2,

T RIS L B KO & BT DD 0 572
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Study on the PAN carbon-fiber-innovation for modeling
a successful R&D management

— An excited-oscillation management model —

Osamu Nakamura' *, Tsuguyori Ohana’, Masato Tazawa’, Shinji Yokota®,

Wataru Shinoda’, Osamu Nakamura® and Junji Itoh’

We have investigated the processes of invention of PAN (Polyacrylonitrile) carbon fiber and its technology transfer to private companies.
From this investigation and analysis, we have found a new R&D management model, named “excited-oscillation model”. This model
suggests that both the top-down management and the personal motivation should be in phase and synergetic with each other. In this paper,

the results and concept of the above model are described in detail.

Keywords : PAN-based carbon fiber, innovation model, technology transfer, management
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MESSAGES FROM THE EDITORIAL BOARD

There has been a wide gap between science and society. The last three hundred years of
the history of modern science indicates to us that many research results disappeared or
took a long time to become useful to society. Due to the difficulties of bridging this gap,
it has been recently called the valley of death or the nightmare stage ™" ".” Rather than
passively waiting, therefore, researchers and engineers who understand the potential of the
research should be active.

To bridge the gap, technology integration ¢ 772 Busic Research =Note 2) o gejentific findings for
utilizing them in society, in addition to analytical research, has been one of the wheels
of progress ¢ " fesearh =R - Traditional journals, have been collecting much analytical
type knowledge that is factual knowledge and establishing many scientific disciplines **
tpe I Basic Research=Rote )~ Technology integration research activities, on the other hand, have
been kept as personal know-how. They have not been formalized as universal knowledge
of what ought to be done.

As there must be common theories, principles, and practices in the methodologies of tech-
nology integration, we regard it as basic research. This is the reason why we have decided
to publish “Synthesiology”, a new academic journal. Synthesiology is a coined word com-
bining “synthesis” and “ology”. Synthesis which has its origin in Greek means integra-
tion. Ology is a suffix attached to scientific disciplines.

Each paper in this journal will present scenarios selected for their societal value, identify
elemental knowledge and/or technologies to be integrated, and describe the procedures
and processes to achieve this goal. Through the publishing of papers in this journal, re-
searchers and engineers can enhance the transformation of scientific outputs into the soci-
etal prosperity and make technical contributions to sustainable development. Efforts such
as this will serve to increase the significance of research activities to society.

We look forward to your active contributions of papers on technology integration to the
journal.

“Synthesiology” Editorial Board

Synthesiology Vol.2 No.1 (2009) —-187 —
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Note1 The period was named “nightmare stage” by Hiroyuki Yoshikawa, President of AIST, and historical
scientist Joseph Hatvany. The “valley of death” was by Vernon Ehlers in 1998 when he was Vice
Chairman of US Congress, Science and Technology Committee. Lewis Branscomb, Professor emeritus of
Harvard University, called this gap as “Darwinian sea” where natural selection takes place.

Note 2 Type 2 Basic Research
This is a research type where various known and new knowledge is combined and integrated in order to
achieve the specific goal that has social value. It also includes research activities that develop common
theories or principles in technology integration.

Note 3 Full Research
This is a research type where the theme is placed within the scenario toward the future society, and where
framework is developed in which researchers from wide range of research fields can participate in studying

actual issues. This research is done continuously and concurrently from Type I Basic Research ™ * to

Product Realization Research ™ j oD,

, centered by Type 2 Basic Researc
Note 4 Type I Basic Research
This is an analytical research type where unknown phenomena are analyzed, by observation,
experimentation, and theoretical calculation, to establish universal principles and theories.

Note 5  Product Realization Research
This is a research where the results and knowledge from Type I Basic Research and Type 2 Basic Research
are applied to embody use of a new technology in the society.
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Synthesiology Editorial Board
Editor in Chief: A.Ono
Senior Executive Editor: N.Kobayashi, M.Seto
Executive Editors: M.Akamatsu, K.Naito, T.Ishii
Editors: H.Yoshikawa, A.Yabe, K.Ueda, A.Kageyama, E.Tsukuda, M.Tanaka,
Y.Owadano, T.Shimizu, K. Igarashi, Y. Hasegawa, N. Murayama,
H.Tateishi, M.Mochimaru, K. Kudo, S.Togashi, H.Ichijo, J.Hama,
K. Mizuno, H.Nakashima, K.Ohmaki, A. Etori, P. Fons
Publishing Secretariat: Publication Office, Public Relations Department, AIST
Contact: Synthesiology Editorial Board
c/o Publication Office, Public Relations Department, AIST
Tsukuba Central 2, Umezono 1-1-1, Tsukuba 305-8568, Japan
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology@m.aist.go.jp
URL: http:/www.aist.go.jp/synthesiology

*Reproduction in whole or in part without written permission is prohibited.

—-188 — Synthesiology V0.2 No.1 (2009)



Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words”, the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies

Synthesiology Vol.2 No.2 (2009)
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well .
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item

Requirement

Peer Review Criteria

Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

Relationship of research
goal and the society

Describe relationship of research goal and the society, or its value
for the society.

Relationship of research goal and the society
is rationally described.

Scenario

Describe the scenario or hypothesis to achieve research goal with
“scientific words” .

Scenario or hypothesis is rationally described.

Selection of elemental
technology(ies)

Describe the elemental technology(ies) selected to achieve the
research goal. Also describe why the particular elemental
technology(ies) was/were selected.

Elemental technology(ies) is/are clearly
described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and
integration of elemental
technologies

Describe how the selected elemental technologies are related to
each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.
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Instructions for Authors

Instructions for Authors

1 Types of contributions

Research papers or editorials and manuscripts to
the “Readers’ Forum” should be submitted to the
Editorial Board.

2 Qualification of contributors

There are no limitations regarding author affiliation
or discipline as long as the content of the submitted
article meets the editorial policy of Synthesiology,
except authorship should be clearly stated. (It should
be clearly stated that all authors have made essential
contributions to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or
English.

Accepted articles will be published in Synthesiology
(ISSN 1882-6229) in the language they were
submitted. All articles will also be published in
Synthesiology - English edition (ISSN 1883-0978).
The English edition will be distributed throughout
the world approximately four months after the
original Synthesiology issue is published. Articles
written in English will be published in English
in both the original Synthesiology as well as the
English edition. Authors who write articles for
Synthesiology in Japanese will be asked to provide
English translations for the English edition of the
journal within 2 months after the original edition is
published.

3.1.2 Research papers should comply with the
structure and format stated below, and editorials
should also comply with the same structure and
format except subtitles and abstracts are unnecessary.
Manuscripts for “Readers’ Forum” shall be comments
on or impressions of articles in Synthesiology, or
beneficial information for the readers, and should be
written in a free style of no more than 1,200 words.
Editorials and manuscripts for “Readers’ Forum” will
be reviewed by the Editorial Board prior to being
approved for publication.

3.1.3 Research papers should only be original papers
(new literary work).

3.1.4 Research papers should comply with various
guidelines of research ethics.
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3.2 Structure

3.2.1 The manuscript should include a title (including
subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).
3.2.2 Title, abstract, name of author(s), and institution/
contact shall be provided in Japanese and English.
3.2.3 The manuscript shall be prepared using word
processors or similar devices, and printed on A4-size
portrait (vertical) sheets of paper. The length of the
manuscript shall be, about 6 printed pages including
figures, tables, and photographs.

3.2.4 Research papers and editorials shall have front
covers and the category of the articles (research
paper or editorial) shall be stated clearly on the cover
sheets.

3.2.5 The title should be about 10-20 Japanese
characters (5-10 English words), and readily
understandable for a diverse readership background.
Research papers shall have subtitles of about 15-
25 Japanese characters (7-15 English words) to help
recognition by specialists.

3.2.6 The abstract should include the thoughts behind
the integration of technological elements and the
reason for their selection as well as the scenario for
utilizing the research results in society.

3.2.7 The abstract should be 300 Japanese characters
or less (125 English words). The Japanese abstract
may be omitted in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied
by profiles of all authors, of about 200 Japanese
characters (75 English words) for each author. The
essential contribution of each author to the paper
should also be included. Confirm that all persons
who have made essential contributions to the paper
are included.

3.2.10 Discussion with reviewers regarding the
research paper content shall be done openly with
names of reviewers disclosed, and the Editorial Board
will edit the highlights of the review process to about
3,000 Japanese characters (1,200 English words) or a
maximum of 2 pages. The edited discussion will be
attached to the main body of the paper as

part of the article.

3.2.11 If there are reprinted figures, graphs or
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citations from other papers, permission for citation,
if needed, should be clearly stated and the sources
should be listed in the reference list. All verbatim
quotations should be placed in quotation marks or
marked clearly within the paper.

3.3 Format
3.3.1 The headings for chapters should be 1, 2, 3...,
for subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1,
1.1.2, 1.1.3.
3.3.2 The text should be in formal style. The chapters,
subchapters, and sections should be enumerated.
There should be one line space before each
paragraph.
3.3.3 Figures, tables, and photographs should be
enumerated. They should each have a title and an
explanation (about 20-40 Japanese characters or 10-
20 English words), and their positions in the text
should be clearly indicated.
3.3.4 For figures, clear originals that can be used for
printing or image files (resolution 350 dpi or higher)
should be submitted. In principle, the final print will
be 15 cm x 15 cm or smaller, in black and white.
3.3.5 For photographs, clear prints (color accepted)
or image files should be submitted. Image files
should specify file types: tiff, jpeg, pdf, etc. explicitly
(resolution 350 dpi or higher) . In principle, the final
print will be 7.2 cm x 7.2 cm or smaller, in black and
white.
3.3.6 References should be listed in order of citation
in the main text.
Journal — [No.] Author(s): Title of article, Title
of journal, Volume(Issue), Starting page-Ending
page (Year of publication).
Book — [No.] Author(s): Title of book, Starting
page-Ending page, Publisher, Place of
Publication (Year of publication).
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4 Submission
One printed copy or electronic file of manuscript
with a checklist attached should be submitted to the
following address:
Synthesiology Editorial Board
c/o Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tsukuba Central 2, Umezono 1-1-1, Tsukuba
305-8568
E-mail: synthesiology@m.aist.go.jp
The submitted article will not be returned.

5 Proofreading

Proofreading by author(s) of articles after typesetting
is complete will be done once. In principle, only
correction of printing errors are allowed in the
proofreading stage.

6 Responsibility
The author(s) will be solely responsible for the
content of the contributed article.

7 Copyright

The copyright of the articles published in
“Synthesiology” and “Synthesiology English edition”
shall belong to the National Institute of Advanced
Industrial Science and Technology(AIST).

Inquiries:
Synthesiology Editorial Board
c/o Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology@m.aist.go.jp
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Messages from the editorial board

Research papers

Study of paleoearthquakes at archeological sites

-A new interdisciplinary area between paleoseismology and archeology-
A.Sangawa

High accuracy three-dimensional shape measurements for supporting manufacturing industries
-Establishment of the traceability system and standardization-
S.Osawa, T.Takatsuji and O.Sato

A secure and reliable next generation mobility
-Intelligent electric wheelchair with a stereo omni-directional camera system-

Y .Satoh and K.Sakaue

Energy saving in transportation systems by weight reduction of their components
-Research and development of non-combustible magnesium alloy-
M.Sakamoto and H.Ueno

A strategy to reduction of applied energy in ceramic fabrication
-Novel binders and their processing technology-
K.Watari, T.Nagaoka, K.Sato and Y.Hotta

Development of high-sensitivity molecular adsorption detection sensors
-Biomolecular detection for highly-developed diagnosis, medication, and medical treatments-
M.Fujimaki and K. Awazu

Study on the PAN carbon-fiber-innovation for modeling a successful R&D management

-An excited-oscillation management model-
O.Nakamura, T.Ohana, M.Tazawa, S.Yokota, W.Shinoda, O.Nakamura and J.Itoh

Interview
US standards research and energy conservation policies on solid-state lighting
Y.Ohno, A.Ono and M.Tanaka

Round-table talks
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