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AREMEN S % . Blr, DLC RO 7 E A N— R 7 ¢
27 P EOMBEEED L 5B, S, ik
MHED Lw 2 B B 2 MEYI N OFR DR &
JEMDDODH D, BERHEE UTiZTNE TULEICHE
FMNEELE > TWS., LD ->T, TOXI %M
WD DLC T, MMEFEMEZM EESE27DICHSB
PR R R I Ll i e B 7a .
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X—THEILTZ LT, TNHHETOYENS
THEN2EGLLLORENRET 5 NS
n®, DLCIC DV T, RIERED RN 7 X8
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DINT, (REEEREZ HECR U2 B i EFENE 2 [ |- &
¥ DOEICOWNTHE Lz, K151CZ DMK
AEREE DD, FRNA T ZEEDOHIME—/%IC
IKZRIEDRD EWED FHEZETHT. TDRD,
HifE TR FRIRED IS W TSRV T,
BIEOHIIMNS X > Tl EEFEME & 171 9 2 MR R
ERHULTWS. 2 EE ON/OFF mHs Tl BEFEM:
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<, ONKFO/KEREZE LTEEZXDWEICLT
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D IEEAREEREBERSC L, £z, fiE, #HELE
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P ZHIE LT h oA R — Mz HGid % 2 ki
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Management Systems for Chemicals in the Product
- Outline of "REACH Regulation™,
"KASHINHOU" and "KAKANHOU",
and Analytical Methods of Hazardous Substances -
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F—U—F HLFMEER. AEMEERMRE. REACH RA. L&A, LEX

1. FCHIC

Me2WE ) L&, (EAMEOEE K TREEOH
HIC B9 B A (LHE ) 7 L e ikx Sk
DRI BT, TERKTIEEY) TH2 LEE
ENTVE. TN THE5DZWEDORR | &
A%, (LEROWIEHE, HifiEOHMKEREZETHD,
C DAL A E Z B o 7 WBGESE I LR,

BLEZRIC BT 2 LAY ERIHNE, ERREEREOR
WD e, BN CRIVINGE, Wik
FICHIErbN, TG TREOFEHIIH OBLRA
SKEGHI I, REGGABIIEE, PERYILLS
IHEEDE, & DITbNTE R, E5IC, A3l
FESHT 2 SIS, B, JtRR EREOHRIC BV T,
fabatt, AHFHMEZET L AWEOMERMBIHIE T
Ere. NS ORNG, (EEBY, FEBRPRCOR
mnlC B THE(L U 72BN DRI ST H % 728,
A4 DMETOMFICL EEZEDT LGNS,

LALENS, ITFEOEBRNZREE#RORE D 2
R, XA, HIHEZ SRR TICE
W, AFEEAYME O/ ZHIR T 2 s8R T &
Nz, TOMORHNE EU(MES ) ZHne L,
MHEZE ZHEHRNICHITENTED, RO

BB BB - TRIVF— - NI AR

BEICEEMEE > T35 Y. RoHS {54, ELV §547,
J-Moss F & FEFRE N5 TN b DORENE, A EREE
CHIAB VAT EEMLEI ETHEDTHY, T
DN RHFIIIIL S, —RIHEMICE TRATVS.

EHICEU T, S THEHEI NG > Fe—i%MN
ALEYIE & BB % &9 % REACH BRI fifTE N
BHICE STz, TOERE, EEWMEZOE D% T
WKWEBLES 28D THD, FOXHEFHIZT X
TOUEREIIRSEDTH 5. £z, WHAETHILHE
ERRFEL A E O BB O PEH R O RS N O R
DUHEDIEHEIC BT B iEH (LEE) DBUEEh, K
DIREN ALY E N I NS L LTWVW3 2.
ORI ICHIERETOAYEE I, ¥z ibd
B CGENEVHBEE 2> TETVS. BTt
T578, KFEA—H, ERMKRETEHTRER
ERR L, ZHUCEDWIZEME, MRSEOEA (Wb
27V—VWEAN) 2175 &3, AT OEY
HEOHURZ B ED TEH D ¥, BE i) B,
JIRRRT & 7 =20, A=Al
AR TERVIRNICEZ > TETWVS. £z, TO

L&, (LEEOERF R R EZENZTN "Law
concerning the Evaluation of Chemical Substances and
Regulation of Their Manufacture, etc.” 3 X O "Act
on Confirmation, etc. of Release Amounts of Specific
Chemical Substances in the Environment and Promotion of
Improvements to the Management Thereof” T&H 5.
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# 1 REACH il & RoHS 54y

REACH #iHI RoHS 54
PSE= =i IR - B R
KIE KXYy - BEIEN) - EIRS - AU ~—F | - KB - W FI T LK
ZER<ALFWE @R  EM 1t LLE) | 2 v A RIEREERA
(N, =REWE(SVHC)15 fE) fE(PBB, PBDE)® 6 /&
N ECHA ~D Xk (ZaMET — 2 %) LR e wEDEALIL
ECHA ~®DJEH(SVHC D& 474
TEWMBR - R, WEE M)
STk INTEFEIZ RN IEC62321
(B PILTETCEDOLNDLZ &
1IBELL W)
ERNTOBIE | EOCIIEERE, (LEENEY J-Moss(fif F B Tl 7e <
FERREICE LT JAMP £ FR#EH (IS C 0950))

oS Z O Y X AF vy Y ALHZ, HtOx
JOEFERIIC 7 E—IL LTV B RELZHASNS.
A TlE, [ REACH KRN, bk, (b
I ER O L R E S OME 2 RS, F e, B
reichnb o T SA EVE 2 5, —RIICiE
HENBEWHEICOWT, TONWHEZMHT 5.

2. {LFMEEE

2.1 REACH 358

EU SNREIZE, 2007 41 HIC 7V AU 7 E)b—< =
T L, 27 yEICDIE > TS, EU e,
EUZB R THIESNSIERICE, EEAN THEREE
HEnzs TR (regulation) *°, ZOEESHNZE
& U CHmEDBIRINICENEZ HIE, A9 2 T4
(direction) 72 ENdH 5. Fiz, EUICII B EREEEGRIE,
REEOMRE, (R, WENUTCANORBEWHEN X EZ
Hiy e U, T PFJEHI (precautionary principle)” 1 Hif -
TW5. iz, WHEEIGHZD, HREEHHDEA]
TH5.

TDXS7% EURENREDU & DTdHh % REACH KHHI
(Registration, Evaluation and Authorization of
CHemicals)’ ¥ i, X750, (LEWE OGS, FH,
A ZOEDICHBTZ VAT LTHD, 2007 46
HichitrEnsz. ORI TakRE s & TR O
i & ORIBRICBI % f547 (7T6/769/EEC) | * [f&
BR¥E O, N TRRICE T % fi547 (67/548/
EEC)| 7= &, kDL AEICBID % 40 DL EDNS
NI RFERZHELIEEDTHD, 5X TICRWVIAHE
PHOAE AR & 7> T 5.

T THREEB(EAMEE, R, BRI 4E
il 1t LA | EU BN CRE £ 7213 EU NI A SN
2EDTHO, KW, FERY), FSES, KU
BERMNENS. THICHET 2L 2MEE, BXZ 3

HREIC LB ewvbnTns. Lhrd, EX, B
ICBI9 % RoHS fim e HENHICBId % ELV 5w 7x &
LHZD, 2R, RSP O EYENNSR LS.
ROHS f5 I &1 2 KM E & 6 Mk, HEEHICEYd
2ELVIER TR 4FEHETHH T M HE, REACH #
FDX WA AN DD S (£ 1).

REACH HIHIITIE, {LEMEDHNZ

(1) Y& (Substance): 7t I K U Z DILEY)
(2) #4%1 (Preparation): - DO¥WE X ZNLLED
YA 5 7% B IR G XX VAR
(3) IJEAL (Article): —DXIZZFNLL EOYE X i
BN 5 xBYK (BUCIRA L2720 T <
FEEORREZ FFlz8 728 D)
PLE3DICITEAZS (K1), RIROIAZREHL
THRLNZHPHN R EFHATHZDT PHEY &
5. MEX0DAGRTHIHEEEZMET S, DX
i THAL oS N5. COBEKRZKEMMTL,
THICHO TR EDERMIEZMLIZRTCEEE T
il Thd. BENRELZZDEHET ME]
THo, THAL » THRIEM] Thy LiciEzE
5. [HE] OBRIEWINE AT (ECHA) TiTb
N%. TTTIE, ©eWkEDOREENRT—2 0,
RKEMNEMHABRPZMGFOEREITDONS. £z,
BikEREBTEARLS WE) B5DT, HBOH
D PNBEENFET 2GS IE BRI T +—F L
(SIEF) EMHENZEETEDELDEITH T LTS
TW5.

REACH RO Tk, FMWAM, AN, EY
ERMG ENE OB Z FHCEFRRI N R E (SRR
I (SVHC) E L TY AR N7 w L, fholb#¥E
EWFXBILUTHE DS, T SVHC ICiE 2008 4 10
HiC s oL PENMEEE N, TNEZE?2
IR JERD EU BREHE T, SVHC Y DA FH M
RFO(REYE L LT K7 1500 MEA BT 5N T
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(&) (BHXR)
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A
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&
oo

5] [l e
> | BV L > | BER=VTIL 3
A HoE ey
> [z@rm ]| e
X
X1 REACH HANC B 2 LZEME DT (> TR DH)
ﬁ 2 [_J &R A_ntl:%g (SVHC)
REWE CAS %5 B EM & BARIIRES
55 = GC-MS
g~ =T 15606-95-8 | FESAME KRB ICP-AES %
(As & L)
RN HoyfRrE | BEgEE(E A, | LC
b 120127 ) e | 7527 2) |G
44- VT I )V T 2= VALY $2 LA GC-MS
(MDA) 101-77-9 B AANE (BUwLrzyy | FEEL)
7 Z VY7 F L (DBP) 84-74-2 A BT (?\%g” GC-MS
(A=Y AN (1)) 7646-79-9 | FEAME fjfu ) zgz'QELST)#
TRk e 1303-28-2 e A 237\ :i:’?is < =
SEE e % 1827-53-3 | s i;‘[;ﬁ%ﬁﬂ :’isp'gELS - &
M AN N .
_ 7789-12-0 e R ICP-AES %
/=N all NR/NN 28 B
10588-01-9 el o x (Cr& L)
S-tert-7 F/1-2,4,6- k) = h m-m-% o iRt "
V(AR E L s CC-MS
é;gﬁg EAZATHANKIM 7817 | diste | oAl GC-Ms
~FY T uE s Tl (HBCDD) 25637-99-4 | EESfEME | EERAHA GC-MS
(PT AT LA~—%2ET) 3194-55-6 | A{REHME | (ABS %)
. o TERTPE | . ]
FBEFE(L T 7 4 > (C10-13) 855535-84-8 | 1 iy eyl GC-MS
EA(RY 7T FARAR)EF LK e [y i
(TBTO) 56-35-9 e R GC-MS
) ICP-AES %
= 3y 7784-40-9 %ii{w‘ AR B IEF (As, Pb & L
AN <)
7 B VBT F AR VL (BBP) 85-68-7 A FETEE (Eﬁg” GC-MS

* 7 A B {LFRFE1T O Chemical Abstracts 58 THEH SN 2{bAWE ST, 1 OOFEWEICH LT L 2EFH D Y

THND. (LEIEEC
W/z7z8, REACH BIHINCBIF % SVHC &

BILT77

BT I

FRY L H— K ThB.
CFBTeMROENTNS
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T D& D mEHRIRE

ZOREORIC ER2EDETFHREINTVS

FFAl oELERFMHEE, HEO T 8%
N5 Mg OEREY 754 F 2 —2 D FROMHE
NMEET D ENEE A S, TOBERGET e
T—2ZY—h(SDS)IckB. KM ICBIL T,
EoD SVHC A3 0.4wt% DL F & F N B84, ECHA N
DBEEHEHET S & &8I, I FADOIERIEMZ1T
bRFNIESEV. AT, HEED D HERIEMHUR
END - T, SRRYE Z 0.1wt% DL EE T e
OB E X, 45 HUNIC L 2 &M IC BT %1%
WERM T 28BN H%. REACH AT, DX
5 R EAE U, EUHiRICiE s % /i,
ENZLEWENEDRESHEIN TV S ZIHE )

&, EUBINZZD 25 2 2 LI ERDAFTE 5.
UL, HHEZEMETERES N EU GBS
NZEMTIE, Y794 F 22— FTXRTICBNTHER
EEDNIEL N EI D, BEREINBETATHS
(K1). coid, Y754 F 2 —2 TORETIER
OEH, RESEMGHT 2 RENE, 7T—T0 7L<
FV AV MEEG S QAMP) BMERRE N, EEEE
DOMEFERCIT, Ha#bED 5N T3 9. i,
[ By B 3% 55L& 10T International Material Data System
(IMDS) = E Ol W AL HENTED Y, 5%
mMMEHEINS.

REACH JANCBIT 2RI D LIZTA L V28, St
ISR B RFEIE H A THHINEEICES D 20N D 5.
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Pirl ks, BRI MAENTZIFAS>THSD,
RS2 ENRAIRTH S.

22 LBERVILEZ

L YEORE N CEEEEOHENC BT 2758, W
b 2 LFEE P 1d 1968 D 7 3 I JER]E (PCB 4
)RR LT LT3 EICHIE S NIz T OERD
HIE, BRESGYIC X 2 NLEIAEY O 1 o R SRBA 1
ThHb, EURBEORME 55 TFHEAL Mxd
DTN > Tz BRI IEH B E O MR
275 LIS, ZoOMRIISCERIIZTSEDT
Holz.

C DL S ER DN Z 5 3, 2009 45 I
SUEED N EN, —FUNICHITENS. TOWE
{L3§iE O R, REACH HIHIFEIAE, I XTOLEYE R
e UT—E R FofE, i A RoE L sk
INB LI A VFMNEENS. (LPYER L
DEEMEERIE, FEHOMIIOTTIET N, Wik
7D A7 FHIEEDNEMT 5. £z, TOUXTFTF
MBS T, MBJeRHM b2 E ) MR T ENn, &
DAY LT, 858, A, SRS
N%. —EHOU XT3, 2020 £FE TIKTXRTD
{EEWEICOVT @Y OWNEEKZ B TETH 5.
COEREDY X7 EHADFNIE, Fild REACH
JH A% 7 X 1 73 @ TSCA (Toxic Substances Control
Act)™ %, EENREEEER SR TV 5.

—J3, FEEILFYEAOEEAOH R OLREE /T
EHOUGEDMEICHE T 25 ((EEE) &, %
GOHFN AL EEAEE L, (LEMEICKS
BRESHE 2 RSRB IR T B 2 L2 HINE LTV, Hif5
LB YEE, AEN, dERSEEEERL, BT
TN B. 2008 4F 11 Hlc i E Nl dUE R E L T,
& o LB EFENE W &M E N RE S R
FUIE (5 W) 238, B RRELAYIE (462 )
H), BRUHE MEREEYE (100 Y8 ) WX
NTWV5. O BE—MEiRE(EEIE, PR
MUOBEHENFEZRCKOITBRITFANREEH, 5
IR, NEREND PRTR FIEORRIE L 75> TV
% . ZOPRTREIETIE, HAERE 21 AL LD
HEFICB W CHE R E 2 E 2 1t DL EED
W GE, ToMGEns. e zE, $EEelt
PETH B 70 LKRTZ DAY 18wi%n FE N
% SUS304 TlE, 5.6 tLL Ok E CHsEE
fieiss.

2.3 MSDS

REACH HIHIDIE T LRz B0, (LEWMEDE
A 1% H D £ 32 13 MSDS(Material Safety Data Sheet) |

K01TbN 5 EANEENZIL—IVERDDDHS.
cnSiE, HAETIE MSDS, EU, [E3H (GHS) Tl
SDS, HI[E Tl CSDS &IEFRE N1, JIS Z 7250, [EEXH
& LTI 1S011014-1 & LT Z DB N A ML HE(L
ENTHL, TNHRBEARNICEFRILEDTHS.

LB BT, Fe s — s 2 e 5 E )
T3 0.1wt% LA |, Mo 55— e O35 4R LA
BT Iwt% DL RSB HICEE TN 256, MSDS O
TERR RO EH N H 5. T OHIEIX PRTR g & 5
0, FEFRERENE B, FRIEERIC X 28R
BRI, fREAEEZIRO > T3
NTOFEEEDNGR LTS, Kz, M et
A23% (640 Wi s 1wt% DA ), #BIVIHUREE (483 R
200mmg L L) D DO THEMNEENH S, ThbIiEWw»
FTNEHEFEHMFICRITIN, —BIEEE T Tldkx
WA, REACH HiHIISE ot o> # il 0 [ELE T S Nz
GHS (Globally Harmonized System of Classification and
Labeling of Chemicals: {L*# D73 ¥ K UZIRICE T
HMPFMS AT L) EIcikDE, S%Ebbh
DT WVHFROTMENRE L 52 L BbNh .

24 fORFIXIRIME

PFOS(R )7 )vA vt 7 22 A )EKEYE
(CsF1;SO;H)) & T DHiRxILEWIE, FEIk(T7+ ML
VAN, REBAIE), B (3 —T ¢V FH]), o E (&
B v Lo & (HdAl)) & EDSGERETHITENT
E1=h%, 200846 F K D EUIC W THERHINIAE -
fe. Fiz, 7 AV AT EU OIEHILIRG & © i FH VAL
IEENTWS. COYEITZA by 7RIV LS4 (POPs
) TimENTED, HRTHILEFECBWTHE
HHIRDOE)E 0 5.

K7z, EU TORFBHEREZ ST, TIVEBY A
F IV (CeHe0,) D 228 1E 3 % R D 1L A 2009/251/
EC 232009 £ 5 HICHITE N, T OYEIT K ESE
DM THIE LTHATNTED, REREKEBIEH
M TOEMRENTHEENS. WA T, RO
7 E=U L, ARBHELTHOYENS 2-(2- X
FryxT hFY )T X/ —)V(DEGME), 2-2- 7 +F
YT hF¥)T X/ —)V(DEGBE), 7 uanFy v,
BEASDOERTHEZAFLYEAT VI AV Y
77— b (MDI) FFEHHIREIE L L THREE T
%. E5IZ, RIVLTIVTE R, RMIVZUHOHERME
ARALEY) (VOC) OFHI &I X > TH D, Z DE
X S PR IZ M P BB IS ENE LD > TE T
5.

—7, EETIER A EREROAFERTIE LT, 7
V—VIESA RS 4V QG BEHE TV .
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CNREHABRUTT AV OB, 8 HEIRERM
O HFETHRELEZE DT, ROHSIFESTHIIENS
#h, KR, A RITL, ANMlival, RIERHELHF 2
i (PBB )2 U PBDE) @ 6 ¥)EICINA, 7 ANA M,
PCB#i, RUTFIVAX, T7VFEY, XYUTL,
L#E, CAXX, Zwiib, 7VYRE 24 YIERED
PBERNRE LTHIHFINTVS. 5122009 F£H %
TIC SVHCIS N INA N3 TETH 5.

CO&SIc, "ol AYERfE, 2itsmic
LS N D HMAICENTED, HMA5TLiEHoTh
BT Lidixw.

3. MENKRMBEODINAE

ROHS f547 & 13 ¥/ 0 ¥, REACH HRAIH &I &
WEEWE (SVHC) IR 2 MM ER SN TV
V. 2O ERNESHFEICOVTE, 1EkiEz
HWHT S LIcE%.

(1) #'E X #5947 [Co, As, Pb, Cr, Br, Sn]

JFE#RER Lo Nah 5 U(EEICK > TR FHN 5 V)
ETORRE - FEWETESMEENETHS. B
I, BORNC XEIRG L, ZoBRiciiich
2R X 2RI U THECROEENZEH 215
%. SVHC O fric BV T Lt ORI cEx
BLTWAUMEMIENS LS. LhLEDNDL, T
DPFHERTTEDIN THZ DT, HERMEZDE
DOFHIETERV. £z, idfEREEDOF R 2%
B, EMRREICHE L FETIE RV, 51
Rl X fROBEDELIL T B TR (e ZIE As &
Pb7x &) DnMicidFEzET 5. Dol enb,
ATV == Tk LTHIRENS.

(2) HAv= I TEEDN [ BRIEEYI k]

[x107]
| a
] b
15 ¢
» ]
g
ﬁ? 1.0 d e
N | i f
kD | :l
& 05 )| VU SR S S .
L_iww‘““
0 s S
10 20 30 40
PR AFFEERT /min

X2 GC-MSIZX?% 7 ZIVEET AT IVEEDO—F 04
a IRINVEEY AF), b TV TF ), ¢ T X)L
W7 FIV, d T XZIVER DIV TF)V, e T Z)VIE
J2- TFIUANFUI, f T RIVEY -n-F T F )L
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LMD 2 GRIEDICEY 2 /78T HTS % DI
L7eiiETdh 5. K217 ZIVEELZ AT IVEHO—F5%
W OFERZERT. TOXICHESMZ R U
T 2B AT IVEN A RIERLEME 2 SO <
DEBILEYOSHARETHS. L L, Fdkz
Wk Tk, Vw7 A L—ii 5 o JEE 7 i L
BEDNRE L IR 2 728, BRI GYE OF 72 HlE
T 5LV DIFITITHDIiRL.

(3) Wt o, 1CP R, ICP B &7 #r [Co,
As, Pb, Cr, Sn]

FICREICEOERAMICHNENZ TIETH 5.
— I, WERSEY 2 CIEMRL, Z OISR DHREF A
XTIV EMTZT EICED, REYHIcEENS
FEOBRZIIET 5. (1) OHE X oA, AF
LEECE AN THEHDT, SHEEWEZDE DD
IHTEARARETH . DFD, TNV b EEEDBH
N enosT, Bkasz vk () AEELTWY
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X-ray Residual Stress Measurement Techniques
for Confined Areas

NSRS
Taizo Oguri

(200046 HS5 H =28t)

X-ray residual stress measurement techniques for confined areas were developed: the irradiation size-
changing method, the pseudo-y angle-changing method, and the dual-axis inclining method. In the irradiation
size-changing method and the pseudo-y angle-changing method, stress is measured from the peak shift because
of a change in the irradiation size or the irradiation position on the cylindrical surface under y = 0 deg optical
alignment. In the dual-axis inclining method, the stress measurement is conducted under the condition that the y
scanning plane is inclined from the specimen normal by Q (y scanning plane _L Q scanning plane). The actual

value of the stress is obtained from dependence of the measured stress on the Q angle. Furthermore, the geometric

effects, the characteristics of the 20 — sin®y diagram, and the value of measured stress are described for the
conventional X-ray stress measurements of a cylindrical surface.

Key words: X-ray stress measurement X-ray stress, residual stress, confined areas, complicated geometry,

nondestructive inspection
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Fig. 1 26— sin®y diagrams measured for various sizes of irradiated area determined on the surface of a ¢5 steel bar.
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Fig. 2 Models for analysis.
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Fig. 3 Schematic illustration of the X-ray irradiation onto the corner of the concave cylindrical surface in the plane parallel

to the side wall.
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Minimum Limit of Surface Roughness
in Ultra-Precision Raster Flycutting

AH REE* b Pl
Sakuro Honda Katsumi Yamaguchi Kazutoshi Adachi

JIERYARi 1

(2009 4£ 6 19 F  2F)

This paper specifically addresses the critical limit of surface roughness induced by a raster flycutting.
Results of plane cutting experiments of oxygen-free copper using various feed rates show that the minimum
value of surface roughness is about 12 nm (Rz). According to geometrical analyses of cutter marks formed on the
finished surface, the minimum roughness is determined by the fluctuation in the depth of cut during cutting. To
determine the dominant effect on fluctuation in depth of cut, measurements were conducted of vibration property
of tool spindle, cutting force, and non-repeatable run-out (NRRO) of the tool spindle. The measurement results are
as follows: (1) The resonance frequency of the tool spindle is much higher than the frequency of tool rotation in

cutting. Consequently, the tool spindle does not resonate. (2) The cutting tool’s radial displacement attributable to

the cutting force is less than 4 nm, which is much less than the minimum roughness. (3) The tool spindle NRRO in

the radial direction is about 10 nm, which constitutes most of the minimum roughness (12 nm).

Key words: ultra-precision cutting, raster flycutting, surface roughness, cutter mark, fluctuation in depth of cut,

NRRO
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Fig. 1 Schematic view of raster flycutting.
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Fig. 2 Schematic view of cutter marks formed
on finished surface by raster flycutting.
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Table 1 Experimental conditions.

. Nose radius (r,): 5 mm
Form of cutting tool ) .
Rotational radius (rg): 5 mm

Spindle speed 5000 min™

Depth of cut 5um

Feed rate (f,=f, ) 10, 14, 20, 28, 40, 48 um

Cutting direction Up cut, Down cut
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(a) Feed rate: 28 um (b) Feed rate: 10 um

Fig. 4 Micrographs of finished surfaces in up-cutting.
(Square: theoretical shape of cutter mark.)
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(a) X-direction

(b) Y-direction

Fig. 3 Relationship between depth of cutter mark and feed
rate.

(a) X-direction

(b) Y-direction

Fig. 5 Relationship between width of cutter mark and feed
rate.
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Fig. 6 Schematic showing the depth and width of cutter
mark in varying depth of cut.

ARDIESTIEM S Z MG 2R TN ZLT 5.
Fig. 51BN T, D Ew F 10 pm TR YIHREME X
RARKTEDEY FOK 445, FHTEHIM[BOREE
EZoTWVWS., DD, £DHEYF 10 um OJN LTI
FYIHEOME) WECTED, HElLEKE T DY)
HIPE D HME: EIFHICIED, 3£ ¥ F 14 um D E
KO YIHIRHEE K E L 725 7z (Fig. 3 DFERICHIE )
EEZILBNS.

4. IV AHEHDFEERR

FAX—YHNCHBT 2 Y0 IAHEHOF LRI E U
T, THAEY RVOIR, YHILOZENCKS T
BOZN, TEAEY RVOREGRNENEZ 5N5.
Z T T, INLOREBORERZIERICHTHAE L.

41 IEREY FILOHIR

NV TRBIC KD, THRAEY RIVOPRS
M OIRENRME 2 S U 72, Fig. 7 35BS O HIE S
RTHY, 363 HZICHIRAMDRDOENS. TNidY)
HIlhn B oD T B A5 & 1 %4 83.3 Hz(= 5000 min™) 0 4.4
Lt REL, FEBEMBICE R > TWVWiRNWD,
MITHRRICAE Y FIVAHIRZEC T &idahoiz b
Bbins.

K 7ARERBUIRR K O, Y OZEICHES THED
ZhigZ RO ZFHANMEENS. I4hbb, THD
[E#E 954K 83.3 HZ IcB1F 5 A Y Rvo@iga > 7
547 AXFig. 7 & » 190 nm/N 7= DT, YK D
YBAR Ky, b BE7I1H AF [Nl ZE) L 7
Ho, TEOZNE AZ, [nm] ZXXTRDENS.

AZ, =190AF, 3)

%7z, Fig. 813 18.85 N DI ThE L7zHFD X ¥
RIVOIRENEIE TH D, TDFTITHEAE Y RILD
WEREERDZ T LT, WikiUHIOBmRIc kS ALK
Y RIVOIREIM T A 1 [ml#5f% (5000 min™ Tl 0.012 7

Fig. 7 Transfer function of tool spindle.
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Fig. 8 Impulse response of tool spindle.
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Fig. 9 Relationship between cutting force and feed rate.
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Fig. 10 Measurement system of NRRO.
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Fig. 11 Relationship between NRRO and spindle speed.
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Applicability of Geocomposite to Slope of
Landfill Cap Cover

[LEE S TSt v R ORSER G HESD

Masaki Nishimura Tomoyuki Akai Masashi Kamon

(2007 4 6 1 19 | ZH)

A landfill cap cover that simultaneously suppresses water infiltration into landfilled waste and promotes
rapid gas permeation is demanded. We developed a geocomposite (GC) consisting of a porous sheet, which
exhibits waterproof and gas permeability, and nonwovens to protect a porous sheet. Using it, we investigated
the characteristics of GC for application as a landfill cap cover. The applicability of GC to a sloping landfill cap
cover was evaluated in field-testing. Stability of the test slope on which GCs had been installed was estimated
using the horizontal displacement variation of both GCs and the cover soil over time. Furthermore, to determine
water movement in the cover soil resulting from precipitation, and to ensure the waterproof characteristic of

GCs installed underground, soil water contents were also measured continually at several points of the test slope.

Results show that the test slope remained stable even though water contents of the cover soil transiently increased
because of the precipitation. The applicability of GCs as a landfill cap cover on the slope was demonstrated.

Key words: geocomposite, landfill cap cover, slope stability, waterproof, gas permeability
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GC.
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Fig. 2 Cross section and features on nonwoven surface of (a) GC-1, (b) GC-1-a, (c) GC-1-b, (d) GC-2, (e) GC-3.
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Fig. 5 Schematic illustration of the method for measuring
horizontal displacement in each measuring point.
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Fig. 6 Measuring points of water content in the soil.
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Fig. 7 Horizontal displacement variation of GCs and cover soil at (a) A1, (b) A2, (c) A3, (d) B1, (e) B2, and (f) B3.
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R X 2787 HE2BL 72 U T B Al 1 = D
RRIA BT DB FE

Development of Disinfection Method
against Drug-Resistant Bacteria
Using the Antimicrobial Protein; HE251

H) B TR it
Satoshi lkawa Takashi Fukada

(2009 4E 6 1 19 [ 2 )

Pseudomonas aeruginosa, a Gram-negative bacterium, is known to be resistant to widely various
bactericidal agents. Recently, antimicrobial protein HE2B1 from human epididymis, with a plasma membrane
disrupting effect, was reported as an effective bactericide against Escherichia coli. In this study, the HE2B1
gene was cloned from human genome DNA and recombinant HE2(31 protein was expressed by E. coli. Purified
HE2B1 showed strong antibacterial activity, especially against P. aeruginosa. Bactericidal activity of HE2B1 was
unaffected by NaCl addition (up to 300 mM) and the buffer pH (6.5-9.0). Activity of HE2B1 was maintained
completely after boiling treatment, suggesting high thermal stability of HE231. Although HE21 also showed high
stability against detergent (SDS) and a reductant (2-mercaptoethanol), Proteinase K addition completely inactivated
HE2B1. These results suggest that HE2P1 is an effective bactericide against P. aeruginosa in various environments.

Key words: bactericide, antimicrobial protein, HE2f31, Pseudomonas aeruginosa, multi-drug resistance
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Fig. 1 Scheme for the mode of action of HE231.
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30°C T 16 Il ks#d % C & T, HE2P1 Z A7k
D& 87 G E ALK (inclusion body) & L T KEICH
HE B, B w0508k (3,500 x g, 5 min, 4°C) I
MU TR B 2D R E, B o NTE R ZEY =
(~ 10 ml) DIHF/KICIRE L 72 1%, 8 i K -
THAZET 2 L THNEYZMIL L. Thz
O 50 EfE (15,000 x g, 10 min, 4°C) LC, inclusion
body 7= & TP 72 [AIUX U 7z.

AAMED inclusion body (X 6 M 77 = ViEREEE T
AlAL &, 6 x His % 7 %% HE2B1 7213 % Ni-NTA

agarose 71 7 WICWAE S BB E TR LK. o LA
X8 MIRFEZEZLY VE/Ny 7 7 — (pH 6.3) TG
L7eDb, W LT3 HE2RL %2 8 M [REEF TV
VBN 77— (pH 3.5) THI L SIaH &8 .

B E Nz HE2BL 1, BeFEAVIC A MEHI O 72 1K
TEETWL ZEBESHEY ICK 5T, RIEMIC 20
mM U BNy 77— (pH 7.4) It L TEfT L7z 8 D
ARG HE2BL AR & L7z, HE2BL 13 4°C TIRFEL 7=,

2.3 FER HE2BL OREFIEAE

¥ 8 X N 72 HE2BL o #% 1 7% M % E. coli, P.
aeruginosa, Pseudomonas putida &> 3 ff $8 @ i & &
HWTHR. ZNZNDOE% 7 x 10° CFU(Colony
Forming Unit)/ml DIRETEHL Y /Ny 7 7 — (pH
7.4) KRR 7R a0 HE2BL Z N2 C, 37°C T 1 K
WUER U 7z, B 100 £%, 1000 %35 & U 10000 51
WML, ZTNZNORMIK 100 pl 2 LB FEREHIIC R
LT30°CTHEELL. 18MORER, FELE
an=——HE Y b, SRR RD . ARBFEIC
B2 MR 10° CFUIMI TH 5.

T 5T, BRR IR pHIC B % HE2RL D P.
aeruginosa I f 9" 5 R R IGME 2 W@ Uz, SR
50 ~ 300 mM &7 % & 51 NaCl 7 S Gl hn 2 T
100 ng/ml @ HE2BL {7{£ N C [Alkk 0D 2% B 52 % 72 AL PR IR
M 30 MICEHL Tiro iz, e, T2 VN
77 —DpH%Z 65~9.0 ICHHBL T, REEHRZTIT-
fo. WUEEIREREIE 30 0 & LTz,

2.4 HE2Bl DREMEDREIT

HE2B1 O EVEE M2 NS T2, FEH HE2pL %
100°C T 10 MLE L 7= > )b &, —30°C TR
WG E ST, B THREHT 284F2 2 [0 L
et PV ERB LU, c b % 160 ng/ml & 755 X
I ICHRICIN A CREABR 2 T T2,

HE2B1 o F i 16 M A 3t 9 % 2o M 72 fE il 4 % 7z
DI KT VI)VEREE T ~ U w7 L (SDS) Zz &8s, 2%
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7 BAMEFHRASE (SDS ¥ TILNw T 7 — 1 4% SDS,
2-mercaptoethanol, 40 mM Tris-HCI (pH 6.8)) %= f W
7z. 20 pg/ml O HE2B1 & SDS ¥ > T )Ny T 7 —7%
21 CIRAL, 50 MAMUE (SDS b)) #17 - 1%,
HE2B1 A 100 ng/ml & 7% % K 51T P. aeruginosa i
W (pH 7.4) I A CRIEFEREEZIE LT, e, 2V
INTE R (T a7 77— ) i d Btz
N3 1=Hic, HE2B1 & 10 mg/ml & Proteinase K(ProK)
Z21TEAL, STCTARMUMLL Chz
SDS LALBE U 7RISR TG 2 ME L7z, ThH D
KEEOaY ba—)L e LT, HE2RL ZE £ /RNy
77 —& SDS Y VTN T 7 — AR OEIE TR
Bl DRV,

3. MEREER

AWFETIER U T 2 KGR 2 558 U TS R,
Fig. 2 @ Lane 1 IC/R”9 K 91, HE2PL O REFEHIC AL
HLUTWBT RIS N, Thickb, TNET
BRKRICRHT 2 L3 DDTHEETH - 7z HE2BL
ERBCEFET DT EHAREE T o Tz, ERIL o
ZRKGBETIE, HE2BLIZ RTAMEDOREARE LTHS
N 37 (Fig. 2 Lane 2), ZMAITAA L THSH
JETE AL 2175 BB S, L LD DS, Ni-
NTA 515 L SEH & iz HE2RL & 3@ i DB H
7, ZEURIDRE S NS &I HE2PL O 95%
DLENHUARBEL T LE . Fiz, 580 OnialE
HE2BL & A N2 RS 7a o Tz, THUE I ARREED
18¢ (refolding) MIEL {frbN TV W EEZ S
Niz. £ T, EBEMICEMROREZKFEETY
CEERBEENTIEIC K o T, FEoMIC refolding 2175

(kDa)

30—

20— < HE2p1
(22 kDa)

14.4—

Fig. 2 SDS-PAGE analysis of HE231.
Lane 1 : Total protein from recombinant E. coli,
Lane 2 : Eluate from Ni-NTA column,

Lane 3 : Purrified HE2pB1.
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T ARG R, 90% LU E DU TRl DGR HE2PL % 3
L LICRIL, BOREEEL RSN, K
FEBIC 1T B N7 kg B HE2BL (3 SDS-PAGE T HL — D
NV RICETHEIN TS T &2 LT (Fig. 2
Lane 3).

TOXSICLTHELNT HE2RL & HIW TR HE M
ZHAELIzE T3, AW d X TOMEICH L TEy
B2 L, FRIC Pseudomonas J&IC X9 2 AR AVE
WT EDHB M E T o 2 (Fig. 3).  FEERAYSEFSI LA
W EEND P oaeruginosa IC 39 SRR EREMEZ X 0 B
RN AT 4E5L, 320 ng/ml @ HE2B1 C 99.3% A E%TH
ENBT ENTholz (Fig. 4). THERETN T
% E. coli ITH 9 2 BB (3B K% 20 pg/ml T 99.5%
DY) &0 & 60 5L LT ik B. chbD
T &5, HE2B1 X P aeruginosa OFRFHICE DD T
BN THBDEEA5.

HE2BL (& 3R AV i < 72 % & (> 50 mM NaCl) X
BRI T 2 RANNE LML FT BT &5 N
TW3? % 7T, 50~ 300mM NaCl @ % 4 T P.
aeruginosa I 9" A G EZRIE LI & 25, 300

100 M
80

—&— P. aeruginosa

A _
NN

N N
A\

0 1 2 3 4 5
HE2B1 (ug/ml)

Survival (%)

Fig. 3 Bactericidal activity of HE2B1 against P.
aeruginosa, E. coli and P. putida.

100 1

6
80 I _ -
E s
S
S
;\3 60 —1 §\ 4 \ |
S 5
; 20 —H  — 0 100 200 300 400 | |
n HE2B1 (ng/ml)
20 H
o . . i - =
0 32 80 160 320 160 160
boiled freeze
HE2B1 (ng/ml) stock

Fig. 4 Bactericidal activity of HE2B1 against P.
aeruginosa.
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mM D NaCl TEX R332 Lid%<, BLALFET
HEMICH > 7z (Fig. 5). Fiz, —RNEHEZ LR
ZOWEENPpHIC K > TREL BT ZHEENZ V0
O, pHORZEZ Y VN 7 7 — 72 W TR
ZHIE Uz, ZORE, HE2BL (AR E A 5l AT hE 7%
%M TH % pH 6.5 ~ 9.0 OHFIPHT, (ZIFFAIFOREE
P2 R LTz (Fig. 6).

FPRIC HE2BL Z R4 & LT T BB, &
FTEREHTORESEIROENS. ZT T,
HE2B1 OYIER 35 X CHL AR 2 E MRS DWW TG 72
frote.

Z L DRI BIFIMERHAEIC X > TZDOWEMZ
Ko (RKWESTZ)HEENDS. LHrLAEDD, HE2RL
1% 100°C, 10 77 [ D hnZALEE S0 8 0 3R U 0D (ks il fift
ICE > TEREREEEMNEEAEZL Ui > 7z (Fig. 4
boiled, freeze stock). < DT &%, HE2RL A C &
WA EN RO L ZBEKRL TV 5.

RNTC, HE2BL DS ETE PN 09 2 2 g Pt 2
1oz, FEERITIZ R IS EDOZEMIC WS SDS
YTIRy T =W, 5o E X % SDS L
WMERZFT-> T, WBEOZVIRVETHNE, RS
MENTRBICIIETIEMETHBICENNDLT,
HE2B1 & P. aeruginosa I X} 9" % 3% b1 M 13 LB i &
Feig LT 1000 f5LL R < 72> Tz (Fig. 7). SDS
YTy Ty =R zMAizay bo—)LHEER
Tl P aeruginosa DAEEBIE TS 7 iz A 82
MW LD, SDS-HE2B1 DR 111% SDS %
2-ME & HE2B1 DMFEIEHIC K 28D THZ T &HF
HMIND., cocehs, HE2RL IF M TEL SDS
Mz O>T EDNELN RS Tz,

RIS, HE2BL D77 7 — VIR 227,
Proteinase K Z W TN, ProK Z{EH & B 721%I1C
SDS{LMLPE % 17 > 7e 45 &, P. aeruginosa I X9 % #%
RTEEDZIETZRICKDND T &b Tz (Fig. 7).
ZDT kX, ProKIZK > THERL DR EN TV 3
TERRLTEL, 7Ta7 77— U Ttz #E
felr N EMHEN IRz XS, Ta T T —
PICK > THREZT B 0D T X, BRENTARS
KAfRENTHE(LINZ T AR LTED, KY
ICKBBRENDEEIZTDODTLEVEEZONS.

4, F&&

HE2BL 3Rk 4 G FEIC A L CRE 2B L TED,
KT P, aeruginosalc it U TV E B R Ui, Fiz,

200
15
s
ERRTS
>
= \\\\
wv
5 \\’—'
0 .
0 100 200 300
NaCl (mM)

Fig. 5 Effect of NaCl on HE2pB1 bactericidal activity
against P. aeruginosa.

—~ 100 f 125
9
= —
o 80 20 8
T / A
3 &
[o]

L
= 60 15 T
2 =
E —&— without HE 231 §
3 40 —e— with HE21 0 =
© =
2> (%)
S 20 5
7 .
(%]
i ./"\\\- Bl

6.0 6.5 7.0 7.5 8.0 8.5 9.0
pH

Fig. 6 Effect of pH on HE2pB1 bactericidal activity against
P. aeruginosa.
"Survival with HE2B1" indicates the ratio of
survival cells with HE2B1/without HE2B1 at each
pH.

107 —

105 —

10° —

NN

104 — —

i . 3}
102 . . . . !

Survival (CFU/ml)

HE2p1 HE2B1 HE2B1 SDS Blank
+SDS +proK
+SDS

Fig.7 Bactericidal activity of HE2B1 treated with SDS-
sample buffer or Proteinase K.

RS pH O EELIE LA ERZTI RN EN T >
7. HE2BL IZNEARHRG, SRS MR ORI T 8%
FHIEEME R T2 137, LD THVLELEE
mUTe. —HT, ZYINTBENMRERICK > TARBIC
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DRENZ T LMD, EREHTORM L & DDAV
WwZlitbhor.

DX HROKE T E@mOEENE, & 52 AR
BREANOZ 22 MR ORE % >3 7 Ei3 M filh
<, S, EREHLGIETTERLS, RABTETON
DI EN%.

EIES
AT 5% D — 018 L HAT R B (0ST) O T4 18

EEY— XBEGRBICEIRE N, ZoHhEEZI T
fTolz. CTOGEBED LTEEHOEELLET.
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Compression Characteristics of Mattress for Prevention
of Pressure Ulcer

AR AT A SH* Frfil  Hy*
Hirokazu Kimura Takanori Yamamoto Mako Katagiri
R < SIS S

Manabu Hirai Miyoko Kitano

(2009 4 6 F 19 [ %ZH)

A novel non-destructive measurement apparatus was designed to determine compression characteristics

of mattresses for pressure ulcer prevention. Experiments were conducted using samples—a blank mattress

and mattresses of six types—to determine characteristics that are favorable for pressure ulcer prevention. The

compressibility and compressive elastic modulus of each sample were calculated. Contact pressure and tissue

blood flow in the sacral skin of the human body were measured using a laser-Doppler tissue blood flowmeter
equipped with an air-pack sensor to measure contact pressure. Mean values of contact pressure and tissue blood
flow in the sacral skin of the human body obtained from blank mattress were, respectively, ca. 15 kPa and ca. 0.5
mL/100 mL/min. The contact pressures and tissue blood flows measured from the six mattress samples were 4.18—
6.32 kPa and 2.2 — 4.5 mL/100 mL/min. From the relation between compression characteristics of mattresses and
tissue blood flow obtained from the sacral region skin of the human body, it was inferred that using mattresses with

characteristics of less than 1% compressibility and less than 90% as the modulus of elasticity for compression was

effective for pressure ulcer prevention.

Key words: mattress, mattress for prevention of pressure ulcer, compressibility, compressive elasticity modulus,

contact pressure, tissure blood flow

1. [FC&IC

ElE, —fic TR RN HRETHS.
PREAIIC I, NIRRT ORI SIS X % REf R
HEL ERIN TS Y. LENST, WEEERE
b OEREPmEminE, HOIAEEE, RS NERE
ICHIET BT —ANZ VWY, @& o0z sy
RO BH P @iE OHE, FICAIE T ORIERD
w5 <9, BRI AR S A A & O EE e 2 | ¥
HCFTLeMEINTNE " HOFAEHCH-
CUSAEEARSEIR, HrE e/ NP TR R £
BEICHIET 2 . chbidwIhshEDSERL

AT R - R

9 <, MO MENR & OEEBHHRR D D75 D NRES
MTHO, BORIRE LHENZERL T3k ol
HEAABNE P, WFNIC L THEEERIEDY A7 %
BT 27 DITIENREBED 50 IF AR & R &1
BT BIENZTEE, EMEZENESESC LHH
BWrixz Y gRIZOVTE, BETHEZHNE L
FERIEERE Y FLARBIEY v ay, EhY)
BRIOLT7 —<w FL AR ENERI N, EALLT
WM, ks, BETHI~ Y FLRREIER L 1Y)
BHRNCKHIENTVS Y. —)7, HOTHOEE L L
T, BREOEKESH T vy a Ry —TAF L
DFFAMEREN TN S .
HTHRBINHMN, BT, MTESAYTF A
Mo REFZEODNEIEROEE S~ Y NLATH
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5. TNHEERS Y b L RO B iR R
KT 27 —23h 2l EICHAINED, <
FLAZDEDDYIER « BEARRITEEICET S 5 Rk,
FHICER L L TRRE EELNE TH 5 MR
T AL, (ZFEAERYTESR0.

Z T, SR, JFHIETEE TRy LA
DHEFEREZFHICE s ME sz ERL, v FLA
DHAEFRL S CIC EfE#HIERZHMNTz. ZLT, Th
5 DEHRRE & 55 C K 2 F 5D 518 5 Nz EAlTE
75 5 IS AHAR R & & OB PRI DWW TG 2 in A
7z.

2. RER

21 #H#

k& LT 6 FH OIS THE <y b L A%ZH
Wz, 5B, HBROZSDHROMER Ny R ED
Yy RLRA(RTGIT Y IRy RS LT T—<
FLAKE-B53. IF7S57<y FLAENI)E
TR L7z, SRR ONBIEEZ Fig. 1IIRL Tz,
Blank T/RL7ZE DN TS5 <wy LAT, MEIX
RUVIZATIVTHB. 5 ANLES F TRLUER
KGR ROBE T~y FL AL LTEREhTY
5DTH5. MEFTNITNERVILEZVTHS.
B¥, 7720y FLRRHEKRTHZH, ik A,
B, Cld2/@Miticdv, AR D, E, Fid3Fhhdlik
Thad. TNETNHWEDORIZZ RV IL A2y e
REL, EF-INTV3. £, SR BBIUTCD
nEBlCld, WTEE NIRRT L DT VEIITH
EEOMRIZFIHL T 5.

2.2 FERIEEMRFFEETRIZE

BRI AR R TR D B H 2 Fig.2 [IR
L7z, XY FLRADETZRET 270Dy 73R
T—=I%REY %S (Leg) 13530 mm DEE &L,
T YRR =V NS 145 mm OFEEEHC T — L
(Support) THEET HMEE Lz, Y IR AT —Y
DHEEITIZ, HE A 25 mm O & X I5E FH B F 1 F

Blank A B C

Fig. 1 Appearance of samples.

HAEF (LAF, EXEHmEFE WS, ) ZH
DT TV, &, EIHPEREOYMEZ IS L
1021-3( #lAfE TR B A BR 7 1 — 25 3 86« B X D&
Fiid ) OBEICHENLL 2.0 £ 0.2 kPa & U7z, JERiEHE
ZFANBEEDOEI &, FHNATEIC K > THINY % /57X
ZERHA L. bbb, JESREMRMETH, S 60 mm
FEBIC TR E (D ) &Y S M F AR 2 i
L, TOLICAEDMEZ Y, MEICNTZ5 2%
FHiEERo Tz, Sl EECHWIZIGIE, HibREsE
B RONTEMITEZSEIC LT, 42kPa b L.
Fig. 31T IXat Rl D JE & I If & FE fiad B O 5 H % 7R
L7z.

JERRERME LT 1S L 1021-6 Gk U PR B ek s /7 1 —
5567 - S IC K B R AR T OEE
1 TEHRESN TV B EHERD K O TEMEH R CTReAl L
fo. FEfERB L CEMAEEROERZX 1) BT
x (2) lIcrL iz,

JEfEH (%) = [(t,-t)  t,] x 100 €))

FEREHER (%) = [(t-t) /" (t, - t)] x 100 (2)
T T, to W EANKED R E (mm), t, 17T 7E faf
HEHIMREOE X (mm), t ZFBREZOEIEEE (mm) T
HB. JEfEB X URERBIEZNZENS D E Lk,
23, WEIXFERE OS5 AR IR 2 EE &,

1
‘\ 1 Thickness gauge

Flat circular plate

1 t0 add weight as
a static load

60mm

Circular presser foot
-« for determination of

thickness

¢ 25mm

Fig. 2 Non-destructive measurement apparatus of
compression characteristics for mattress.

Fig. 3 Photographs of determination of thickness (a)
and compression testing (b).
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/ Laser-Doppler tissue blood flow meter |
Temperature
/ sensor

A

Sensor of temperature, contact Laser beam irradiation
pressure and tissue blood flow and receiving sensor

Air-pack for contact pressure
determination (@ 30mm)

Fig. 4 Photographs of Laser-Doppler tissue blood flow
meter (a) and sensor of temperature, contact
pressure and tissue blood flow (b).

Scale bar = 10mm.

T L7z, £z, HMTEROES B X UHETEM EH
REDEEMIEE, 1 DDA DWTEHEE S 6 & T
TV, ZOVEEZRD T

23 WREBICKDEER

FfhF & AR MR = OREE, FEIEDREFFREENL T
BB NEHTITo 7z, PEICIE AT - ik -
[EERERE L =Wz, Y —Iid, Fig. 4(b)
WCRLEESIE, BERER3I0MmMOILT —/3y 7 DOH
i L—Y— Fv 7o —ffkmiimillEsto L—y—
WG - 2 U —BXURERZHA TS, Th
I K O NMERIFTIChnb % B, fHkmig =7 5 Ui
e i 2 WIS E T X 2. SRR T,
FaBh 515N 3 T — X RIS LT 2 728,
Wil L %72 BE L, EERE T, BE Ui
3 &K 170 cm, {AEE 60 kof, Fiin 48 D FHIHIAHE
EETDHZHRABETH S . HEE LTI
Y= Lzt FrEoERzEMAL, W LT
BAZEAZ L0, FrEOBI A ZH->Tz. 2Dk, E
BICEHNZBRbG U7e/y, WS G, & e
B MERE Uil 7. GHAIRER I 60 73R & L7ehy, A
RIEZD D 0D 10 79[ EARB D FEAE L g WRlER T
i1 10 DT — 2 Z2BR<, 40 7O IfEZ 7 —
2L UTHRALR. &d, BT X MM

Table 1 Compression characteristics of mattress samples.

Sample Compressibility (%) Elastic modulus for
compression (%)

Blank 112 97.35

A 0.80 84.32

B 0.51 87.56

C 6.12 97.56

D 1.52 88.95

E 3.02 87.03

F 4,09 96.41
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LRDHATTRAM L, AHAK MR & 1 300 FYHLAL T hnE T
HlizbozT7—2 UTHRHA L. BBICIE KM
EATERAN RERH U, HERE R OB RE
23+ 3°C, FHLHEE 50 £ 5%RH TbH 5.

BE, WEREICIEIEIC TR A Y T4 —L RO
Yy R RITV, TR TRERBZ R L .

3. BREEE

Table 1 ICFEAfH & FEARSEMERORERE R 2R LTz,
7520w b LAZRRL, WETHiER Y b
L Zadfl 7z [ d %, il A BX U B DIEMERIX 1%
K THO, TORRIISHICEBMARE, T4
MNEDILIABINVDIZAIME E WA S, —J7, ikl C,
EBXUTFIE3% L EOFEMEZRLTED, XED
CTRAABRRT VR Y b LA EWZ . EMHEMERE,
K () IR UTZERERD SBIEDO K T WValRHE &k
HY75 FERE AR 2B 2 7R gAY, BUEO/INE 7ak T LR
MR EAEEEEE 2R B BN, S0, LR
WKW BB TR < Y B L AT, FIENRIE
fmE % E 2 /Rd & ODJEIC, klC, F, D, B, E,
ALizs.

Table 2 I 1& WE bR & 72 W T2 ZEROFE R 2R LTz,
40 7 M OFHHID B 15 5 N Fz fE T 35 K ORHLRK i &
OV L & IR, &Mit KOS FdE L
e, T2y N LADSEL NI TE O E
¥ 1463 kPa TH -7z, THICH LT 6 FHEOERET
Pk i<y b L AN 51485 NI F it 4.18
kPa /"5 6.32 kPalc i L CTHD, 752 U<w ML
TR S IMTNE L, BIEIRNRS NS, 7
F2 7y LAWY BE TR Y LA
O E O i, kL A T 36.0%, B T 39.7%,
C A 43.2%, D /' 29.5%, E 7 33.4%, F A 28.5% T
H5b. 6 HOMKOVFEEMER, 7o <y L
ADKI35% THB. LIEh->T, BETH&HLEA< Y
ML R, —RNIR Y N L XD R % 65%
BB TES VA5, Ik, 79200y ML A%

Table 2 Contact pressure and tissue blood flow obtained
from sacral region for each sample.

Contact pressure (kPa) Tissue blood flow (mL/100mL/min)
Sample Mean | Max. | Min. | Range| Mean | Max. | Min. Range
Blank 1463 | 15.09 | 1432 | 0.77 0.5 0.6 0.4 0.2
A 5.27 5.43 5.00 | 043 45 5.1 33 18
B 5.82 6.21 | 558 | 0.63 31 3.7 16 21
C 6.32 6.41 6.16 | 0.25 22 2.6 15 11
D 431 424 | 441 | 017 2.2 18 2.6 0.8
E 4.89 4.70 5.06 | 0.36 22 2.8 1.6 12
F 4.18 4.40 3.98 | 042 24 31 2.0 11
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BEVITNORRIE L, FEEDT— 2 O#EIPHIE/NE
V. FHllOTF—=RIZIF E A EEFH DR DY
5.

R, MHBMKEO T —2%H%. Blank &tk A
MO FZBTSE, 7500y LR LETHIE
{IVEN 28 B4 7 447 U T2 BB 2 D 1L e 35~ 85 LR ot 37 i
l& 0.5 mL/100mL/min TH b, #HETHE LR~ v k
L RS HRTDRw. £, HmiKED T — 2 O
P& 0.2 mL/100mL/min &, #EFHiFEAI< Y N L
ZITHANTNE L, MRS ICEH DR en
bhb. 7527w b LA L THIEMAESE D i
ENGE, MUMEROIK FARGHENS. 2Lk
IR IRREMNERERNC D 7 SRR MR I i B fEBR EN B
%9 —J5, 6 EEOEETHEHEN Yy FLAND
& 2.2 mL/100mL/min H 5 4.5 mL/100mL/min O EHEFH
MmmEESREENTVS. chud, 7573y b
L A D PEHARIMIR RO 4 505 95D TH S, £
o, HZROT—20OHAE 080521 THD, 7
T2y LRI HANTREL, W@ ki
EBONELFILTWVWA T EWbhD. &k, 752 07<Y
LRI BB THiEIER Sy b L A OSEHRE
MREDEIMCONWTHIEZITo Tz T A, METIIC

BIRAEMNERE S Nz (p < 0.01).

Fig. 5 ICIIHEERHE DALE D B 15 b NIkl &/
R E & OBMRZ R U, 3l E O P21l & T 15
MmixEOTF—42%7 70y hL, T—XOHIHE T
S—N—THEREL. Fig.5lcRLEESICTS VY
<y b LA DO G KE <, HkmRE s A
BTN ENDNDB. Tz, EAMEOZEHNITXTDHR
BN TIREA LD SNEWVAD, HkmiEEOZ
ET S~y FLART DRSNS W, — 7,

Blank mattress = 3|

= 6

é # Blank
J 5 u
€ § T Mattresses for A
§ <— prevention of AB
5 4 pressure ulcer oC
é 3 oD
= } R
B 2+t ",‘ F
2 ~“ s

= Mo

[}

>

8

l_

0 5 10 15 20
Contact pressure (kPa)

Fig. 5 Relationship between contact pressure and tissue

blood flow in sacral skin obtained from blank
mattress and mattresses for prevention of pressure

ulcer.
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Fig. 6 Relationship between tissue blood flow in sacral
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Fig. 8 Compressibility and elastic modulus for compression
obtained from each mattress sample for prevention of
pressure ulcer.
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Three-Dimensional Organic Field-Effect Transistor

T OHEHES Ty M

Mayumi Uno Junichi Takeya

(2000 4E 6 F1 19 [ <ZH)

High-performance three-dimensional organic field-effect transistors were fabricated with multiple vertical
channels of organic semiconductors. High-mobility and air-stable dinaphtho[2, 3-b: 2', 3'-f] thieno[3, 2-b]thiophene
thin films on a series of horizontally elongated vertical walls maximized the output current to 2.6 A per cm?
area with the application of -10 V for drain-source and -20 V for gate voltages. Carrier mobilities of the organic
semiconductor on the vertical wall are typically 0.30 cm?/Vs and the on—off ratio is as high as 10°. The performance
meets requirements for such applications as driving organic light-emitting diodes in active-matrix displays.

Key words: organic transistor, organic semiconductor, flexible device, vertical transistor, microstructure
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Fig. 1 Schematic (a) overhead and (b) cross-sectional views
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Fig. 2 Schematic (a) overhead and (b) cross-sectional views
of the device structure of the 3D-OFET.
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Fig. 3 SEM images of the 3D-OFET.
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Development and Verification of
Vacuum Carburizing Model Considering
Graphite Deposition on Low Alloy Steel

Rl HERR* O KB AR * AT LI
Yujiro Yokoyama  Tomoyuki Mizukoshi Itsuo Ishigami
WEH R

Tateo Usui

(200947 H 8 H 2HH)

Alloy steel, SNCM815, was carburized at 1273 K for up to 5.4 ks in a propane atmosphere at 2.67 kPa
and thereafter diffused less than 0.133 Pa for times of 0-21.6 ks at the same temperature at which carburizing
was done. The carbon concentration profiles were determined with a vacuum type emission spectrometer using
a succession of grindings and carbon analyses of the ground surfaces. The uptake amount of carbon by a thin
specimen was measured using infrared absorptiometric method after combustion in a current of oxygen. A
mathematical model for calculating carbon concentration profiles was proposed to describe carburizing behavior by
assuming that, during diffusion on vacuum heating, carburizing is carried out by the graphite layer deposited on the
steel surface during carburizing. Comparison of measured and calculated carbon profiles revealed that the model
represented the carburizing behaviors precisely. Both measured and calculated results confirmed that treatments at
the same ratio of diffusion time to carburizing time yield equal surface carbon concentrations. This fact is useful to
determine the optimum vacuum carburizing conditions.

Key words: vacuum carburizing, carburizing model, graphite, carbon profile, surface carbon concentration, uptake
amount of carbon, carbon flux
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ENRE L TN %. ZOUE T 0.6 ks [¥EZ T >
Ttk FFNIC T TSV R EPEEA LTI 1% 2.67 kPa
IR CIRRZITo T2,

R B RIME AR 0, b B iR e LB R LT B
A DOEMREEE C, % Cu i FT AT EIE,
51 &t & BAEINEC X 2 IEEULEE 217 5 T C, LRIk
RE RIS 2 )71 THio 1. RS TN DR ZLYEFE
DR RDZBTDDPIIRO K S IfroTz. £997
PRALPRIE, IR 1273 K, WFfH 1.8 ~ 5.4 ks {7\, 5]
RO THAEULPEZ /7 0.133 Pa LU R, IRFEIZIZRIE
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Fig. 1 Geometry and dimensions in mm of a specimen used.

Table 1 Chemical analysis of steel used (mass%).

C Si Mn P S Ni Cr | Mo | Cu
0.15| 0.24 | 0.4510.017|0.014| 4.03 | 0.78 | 0.17 | 0.06

RS BT HOIRFAIE, W 1113 ~ 1313 K, K
120 ~ 960 s 11> 7z. —EHDOUIENHK 1 L 7214,
BB 2 BE AT AREANIE P EETkim LTz,

23 REREBESW
REWRETAAIRmICHTH LM EZRELE
%, #h 2 IR 50 ~ 200 um § D FEBAIL, Z D
DEANRN= T REFINCITC 72175 T LICK DR
7o, ERILD Tz ORI 0.01 ~ 1.69 mass % DK
HWE AT 5 10 HEOREM B X CEKASH, S
ERR U7z, T ORESRE FIV T IRl U i flE o ZVILEIRE
TRl 2 Z T B TR D T it [k Fr O 0 IR
Lok ORSEISHE S, IRERIEN OMFRZALIC X 5 70#r
PAFECHEVE DLW TE Y.

3. EEZRDETIVL

PROTRERE T v Z OB 2 EAITRENS.

oC o(.aoC
= _Z|p=
ot ax( axj (1)

C T C CIIRERIREE, IR/, x (& @R A S OB,
D BRAIHURETH %.
RREICBNT, X Q) 2R dowEmrE, G
ZMORMIBEE LT B L E
t=07T, IXRTOXICDNTC=C, (2)
BRI, IREDFAKD SHHPANTRA T 28 E 2
FEd2LE, CMC,ITET 2LHIB K UTLIEDE
ETZENZENRR Q) BXU (@) THEAENS.
_p_
OX
C=Cy, x=0 (4)
—J7, REBEOILEVLIRRHIC BN T, ILEOTERE
RRMEFRUTLKKX Q) THB. ZOHIMASKMIFIRKIT
MTRORENHTHEZON, FEERZEMEEA Q)
TRINBZD, LHIFEZE O K> TITbN %
728, REDOHEAODHEL F=0 %57, XDXK
N5 B.

F, x=0 3)

6C:0

x (5)
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4. REBREREER

41 BRIFICRELRT—2DRE

411  RFAGETARR

RO K ST, HAHR KL TR RMLELRIC C, 2
Ca X T LA T EM, 51 & HZAMEIC X B HEEL
W17 > T C, LIRIRIE S 72 %43 % BRI R 5%
MEBNTWVS. ZOROEX IS %I
BRI OFAFEIC IS Uz Co MR TH 5.

Z CCHI Y & ARk T 5 T A 48 SNCMB815
Cw 73R Tz, T B SNCM8L5 DMt T %, £
J& & HULEBIC BT B IREDENRDENEZL KDL T
2k U, sl RIENCHTH U 720875 E 2 I TR A L e
RO B EERMEETON LIz Cu & Uiz, Z Ok
B Fig. 2 1Ck9 A, SNCM815 0 Cg, 13 S15CK & D
#) 0.1mass% KW METH - 7z.

412 RFEFAHEE

Fig. 3ICIZRIERT t. & M OPBIRZERT. R " &6
Bk, CoMCQlTET B ETIEHZ D F TiRIRME
1L, ZNLBREIEBCIRICBITI26DE LT, F
OHEE &R Tz, BRI, Fig. 3 DFEHAM L&t
M DT %K% F s kb iz, 145
b7z F OIREERAEZ Fig. 4 1TRd. b7 L
ZU R E{To e T AR EE .

In F (mol-m™+s™) = 9.52 - 18500/T (K) (6)

413 JREFILEUREL

R FILEUREL D DR FEMRAFIE T SRS IE I
BNz, CHCu ¥FTERTZHEERIRTIE, T
DWEREZIRTV. Lich > THEEOEWIRNT 21T
SNCiE, WEKEEZEAICER LA TEERbR
V. Sk REITRICH UTIRERFEEZEE L D
13 C. Wells 5 5» G. G. Tibbetts ” 7 & DG BH % B,
BEMICDOVWTO D OMEFFIFE AL/ Y550,
Z D7z¥ SNCMB815 DIRINTTA & IRARE K712 %
& L7z D Z 2B k> 7z,

C. Wells 50V 5. 2 Te BRI D, &G b =3V F—
QI " XBHEIC X > THID THE X IR TE B A,
[ERE A U FFR IR LY 72 13 & AL EFERK L7 SNCM
MTEKILT 2 EHERENS. £ T TSNCM8BL5 D
D, QZzE*NZTN, F¥a~fZHNT,

D, =a + bC + ¢cC? (7
Q=d+eC +fC? (8)
EHRL, a~ R AZ LI TREREDMHDOIH
21T, FPUURERRESMEE LB K-
T a~fOHAEDEERDIZ. ZTOHI-EDE
&, EERRNIE | OFPREIEE C o & Al B KR
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Fig. 2 Limit of solubility of carbon in austenite for
SNCMB815 superimposed on a portion of the Fe—C
phase diagram.
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Fig. 3 Changes in total amount of carbon with carburizing
time; SNCM815 was carburized in a propane
atmosphere at 2.67 kPa. Open marks are rational
in determining values of carbon flux though a
numerical analysis and solid marks are irrational.
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Fig. 4 Temperature dependence of carbon flux; SNCM815
was carburized in a propane atmosphere at 2.67 kPa.



68

& Cicae DI AZD HIFADFIIME SS HE - L H/NE L
58D L.

1 N (C _c 2742
SS _ |:Nz( i,exg i,calc xlOOJ ] (9)
i=1

i,calc

CTTNIE ERADHRBTH 2.

IR ZEFE DA R B T2 DR LML, BE
1193 ~ 1313 K, {RfxIFM 5.4 ks, 2.67 kPa D/ m/8
HFTIRRUHZEBIKFEANTD 5. F5NTHE
ZFig. 5071y hT/RY. TORAZREDMRITHL
Ta~fZRHIzLTA, XD D, QMWELENT.

D, = 4.74 — 4.84C + 1.33C? (10°m?+s?) (10)
Q =156 -19.7C — 4.5C* (kJ*mol™) (11)
TD Dy, QXVKRDDZMAVTIEALZIRZEIEE
S3fi7% Fig. 5 OFEFET/RS A, FHEMEIZIHE L K<
—HLTEH, ThEZAVWTUTROEEIT- .

42 REBESWINT ZEITEE

421 RFIREITAMITH T 2 iRt is R

PR FVREE A0S 2 FEHIME & FH R OF L LT,
IZERIREI t 1S nf g B HRAR Rt D2 3 & Lz e &
DR 7% Fig. 6 1<~ d. FHRICHWZ F I (6) »
53RD7- 6.87 x 10° molm?s* TH 5. HE L 3
FEEVWITNOHAERELTNTVS. ZIRUBED
HTl& Fig. 5 DK S I HME L FHRMIF R < —HLT
WA EMND, TNORFEKIGILFLETICH 2 L& X
5N 5. EHHEDIE S MNEHEME KO & EREMICTN
TWABT 5, HRERLEEARIC &4 5 M ORIRIFIC K
DIRR BN T ATHEMEDY E . ZOIRRIEE LT
&, B RN ER LRI R ENEA BN S.

4.2.2  riAHAREIS

RIRIRZRFE T 2 TodIc K O Wi BIE 217 -
7z. Fig. 7 \CIERE 5.4 ks O R D F 7% i U Tz ik Fr i
OWTEAHRKZ /~d . FeRim O FE I3RS R K i
WKLz IV - EThsb. TOZY TV Z
E R & DRNTIEDHTH L TV ONBIRE N, D
WDOEE Tgld 3.2 um THolz. &, REWRIEE
NETERT HT LN TERRD 2128, RIEDIRR
7T H % ATRe eI BRI L 7z,

423 RIRVEOREE

WA AR SRS SR & D IR ERIR & 75 o THEBUIIAN
BT LGB RRD VT W EEZENEH, TD
CLzENDZTDIC, W2ERE LT IRE TR
HEML, EMHEL T RREBIE L. TEil
Fricid, RRIPRIC = v r )V > Xz fi LT, HLEX
W27 Tz, B> 2L I2DIFFNICH T MITHE
79 2L RIS K > TR T 2D %2 < e

T T T
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L5 v 1313K
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S A 1233K
2l o 1193K
E 1.0 — Calculated
($)
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o
2
8§05
| | |
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Distance below surface, x / mm

Fig. 5 Measured and calculated carbon profiles; SNCM815
was only carburized under a propane pressure of 2.67
kPa for 5.4 ks.

1.0 T T T
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0.8 A 36 108 3 7]
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E 0.6 the diffusion step .
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§ 04
T
O
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| | | | |
% 0.5 1.0 15 2.0 2.5 3.0
Distance below surface, x / mm
Fig. 6 Measured and calculated carbon profiles; SNCM815

was carburized at 1273 K under a propane pressure
of 2.67 kPa and thereafter diffused under a pressure
below 0.133 Pa.

Fig. 7 Cross-sectional microstructure; SNCM815 was only
carburized at 1273 K under a propane pressure of 2.67
kPa for 5.4 ks.



KBFAL EESERANRE A WIZEITGS  No.23, 2009

(@) ty=0 ks (b) ty= 0.6 ks
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(©ty=1.2 ks (@ty=1.8ks

Fig. 8 Changes in graphite film thickness with diffusion time td; SNCMB815 was carburized at 1273 K for 5.4 ks under a propane
pressure of 2.67 kPa and thereafter diffused under a pressure below 0.133 Pa.

Thb. 54 ks DIRIROANL =it 72 0.6, 1.2, 1.8
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2T NohB. 5B, %3 5H 5.4 ks DIZRIC K
DA LI REDMEEEETIRIK LIz L3 2 &, JEAH
Jed BETORMIE 142 ks TH DT &R Ty
FLNORBEZTENTES. TOTENDL, HIC
X2 ILBEADIRRISILA R H THEA TN E EEZI BN
5.

4.2.4 IRRNERH & OB =DM %

Fig. 9 [Z7mJE 1273 K, W[ 1.8 ~ 10.8 ks DIF R D
BERLUIZEEZD Ty %t OFGRICH LT ay b
LR TH S, TDOXDIC T IR KM D5
WK U TIZIEBIL T D, ZoimXiE,

Tg =0.044 x t** (um) (12)
THB. TOXICTgHt, OFHHEICH L TIFIELE
BIL TV 201, BOERHREIILHEETH D &
ERLTWEEEZOBNS. ThbBEMER TIRKA
ZAHEE TR, SHIEDERT B 2oIciEd TIc Ak
U T2 ii U Clikm £ CEEL, T I THR
M2 EIC L THICE > Tuo Tz e EZ BN 5.

BETYRIRRD XS ICEIRDEE p, ZflioTM
NEHTES.

12.011

425 WO EE N UT R

RIS G Fr RS A L 7 EANR IR IR & 72 D
IR 715 & EANER T 5 £ TOM, IRRDHD
Tz & E LT Fig. 10 DR RIBE iz it B Ui
L7, TOMOMIFR @13)H»5 6.10 x 10" mol-m™
ERED, TOBRMRKE T HRIEILEIC T LTk
LN < 752 FTHRIFE TIRIKD WD TV e &9
5L, ZOKMIZ142ks THB T LMW 7Tar S
LICEX->THBELZTENTES., £ Tt 254+

x10° =8.3x10° xt'? (mol*m?)  (13)

Tg =0.044 x t;M?

Thickness of graphite film, Tg/ um

I I
% 50 100 150
tcllz /s}2

Fig. 9 Relationship between the thickness of the graphite
films on the specimen surface and the square root of
carburizing time t; SNCM815 was carburized at 1273 K
under a propane pressure of 2.67 kPa.
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Fig. 10 Measured carbon profiles and calculated ones which
were considered with the graphite deposition; SNCM815 was
carburized at 1273 K for t4/t, = 3 under a propane pressure of
2.67 kPa and thereafter diffused under a pressure below 0.133
Pa.
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Fig. 11 Measured carbon profiles and calculated ones which
were considered with the graphite deposition; SNCM815 was
carburized at 1273 K for ty/t, = 1 under a propane pressure
of 2.67 kPa and thereafter diffused under a pressure below
0.133 Pa.
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36 ks DIXFICDOVWTEZDTgAH St ZHfiiE L Tt
BRiT-o7. ZOMREFEMIORT EBD, FHlfEE
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& T ATHIMR Y THREE L 72 35 S1I5CK I BV T
BRAZ U T RAIEZ, BEAVERLT %D SNCMB15 12DV T
EHIND &, Fig. 10 TIX IR TOHFRT C, AMUFIE—
BHLTWVSE. INHOUHEB T t/t. N3 THBT L
B LTV, FFZ1E Fig. 11139 K 9 I tyft,
MloEeEE C,HIFIE-KLTWS. EL, Fig.
10 L Fig. 11D C &, ZNEFNBXZ0.74 L BXKZ0.98
EHIZS5TWVWA. LA T SI5CK E[ARRICIRIK &
P2 A—RE TIT S Ha, RO K S BRI FE
TRHENTFHREING. Thbb, t &t DN —&E
THNL C 1A UIEZERT.

4.2.6 KMARFIRE &I 36 K CHLHIRER O RY

(A

T T TRATHETTI L 7z BRI O RGEZ 17 - 7z.
Fig. 1212 1273 K T t, & ty DI EEZ T AT 2
LEDC Lyt L OBFRZRT . FERIME & MO 2
FEBUGEMIZIEFIC LS —BLTED, t &ty
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Fig. 12 Changes in surface carbon concentration Cq with
ratio t,/t;; t. and td are carburizing and diffusing time,
respectively. SNCM815 was carburized at 1273 K under a
propane pressure of 2.67 kPa and thereafter diffused below
0.133 Pa.
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