REBAF L ERBAR SR ME No.17, 2003

39

L I D 7 b DB Bl & AR
DEREF LVRE
Fact-Finding and New Proposition of Evaluation

Method of Mechanical-Shock Fragility of Products
for Transport Packaging

Pl RERE* FE EE
Takamasa Nakajima Yoshiharu Teragishi
BH fk* #H fm*

Toshio Takada Kazuki Tsuda

(20034£ 7 A17H %#)

F-O— K @Xak, RR, GEES, FHE L RERRHR, HREZANI M

1. (FUsIC

WUSHRAHSARE, FRELICRGZEEL, &
Bk R ER iR EOBKE LAFHRIVALME,
BRBBOFEZHETIRETH ), URHFRHS
FfiELit, L&) LHBR/ SNV AL o TRADHK
BI20E»ZEEBTLIEMTHS.

WE, BERARETRETIETHEIOHURZRE
THLDIC, BHVEIBINDH, REHRMEIEF
flild, ZORELERGOEEREICHYTHEET
bh, BRUBIIBVWTEELHENTHS. 75, &
E, PHBFHBR/ — SV RE, KR, HRIC
FBGEMEINABEDLhd o L BERBESIEFLS
NBEEICHE. COL) RIBFRBERSFORRICE
WTHBRHERESFMIBELFEHTHY, Z0RH
ROHMOBRILLED, ECERSEILENDD.

AT, BRAEB L URRFH DD ORME
B SFMECHT AMARR L LT, BEOFEE
ORMES, ROV, FOxEL L TOFHFEMEIC
WTHRR5,

2. REBREIFHORR
BifE, WAERMSEFMICET A2RBRAEL, K&

(I T2HEH 5. —oid, JIS C 0041 H 5\ it
IEC 68-2-27 THE SN TV A HET, Ham (RH)

* FHESWR aARFEIN-T

ICHEOHBENANVAEZMR, BIEOFELH AR
(LT, 6GHERRERER) THDH. T/, 95—
Dk, JIS Z 01198 X FASTM D 3332icHESh
TWwWAHET, R E. NewtoniZ & o TEREN/:4R
IR m& (LT, DBCLEEFRT %) ¥ AV /-5 fiE
(BT, MEHFRESFERREESR) CTHBD. &6
2, ThORBAEOM, REIL o T, RENH
BAVARBMICIZ, RENBOMFERMICERS
N2 hERE 2 EHElS 2 8 (AT, SR Eastsi
EIER) BiThbh b,

(1) &BHTHER (IS C 0081 BKU IEC 68-2-27)

HERL, —IRICHSBEBICHEEINHBROMKL &
TiIbh s, RARETHROKL SHREEINT
wWhWEAIR, K1 D06ELL Y — 7 IEEE L (EAR
BOMASDLEIBIRENS, HRO Y — 7 h#EEE L
FOERABM R ENIE, ZORBEEIIFHFR/ VR
DEFECRESNS, HEEE LT, Hafligo
HEICKTE, HRMOBHRICL > THEPRESH,
HE - BEREIITOI 5.

Ric, BRBETHERANICET 2 HEN RVIHE,
HRAD (WR) OEVICERT2=ZH80EWMOM A
IZEhZFhEST 5 3 [ (7H18E) NFHEHI MR &
ha. 20k, BE, BRAREISE, a0l
RIZ L 2NBRES & UHE - BEREIITDIRES
PHESNS.

LAdL, SOFETIE, RMOERE LIHRICY
5 [, (5] 2HETER7ZTT, LDk
RERICAN L TRESBIAT A0 REETE LV, £



1 EHESAVAOIMERE &L EARMIC & 5EEZL (JIS C 0041 & b k)
¥— 7 &R | 2NV AD HMEZEIL (AV)
fe ks B+ DTEYH G
(A) (D) AV=2/m-ADx10-3 | AV=05ADx10-3 | AV=09ADx10-3
m/s? ms m/s m/s m/s
50 30 1.0 — —
150 11 1.0 0.8 1.5
300 18 3.4 2.6 4.8
300 11 2.1 1.6 2.9
300 6 1.1 0.9 1.6
500 11 3.4 2.7 4.9
500 3 0.9 0.7 1.3
1,000 11 6.9 5.4 9.7
1,000 6 3.7 2.9 5.3
2,000 6 7.5 5.9 10.6
2,000 3 3.7 2.9 5.3
5,000 1 3.1 — —
10,000 1 6.2 — —
15,000 0.5 4.7 — —
30,000 0.2 3.7 — —
////////////;/
B Ve
R&Nol~5 V/// /) ) /S
(EfHET) & HE No.6 Gﬁﬂ%&)
Nﬁ K ’ / ;afm
" ’ a:sﬁ No.12 (M%)
1
g JEABMSER ;
5 /. sﬂrmum
]
?'.é 2Ac /3‘ // ////
: B No.7~11
B 1.57 Ve ~ o G- )
HEEL m/s
H1 HNeHFRASEKRFECBT2EELLLRAEEIMEEDME (JIS Z 0119-2002 & b ki)

(RMF IR L SERBRBOBR 2 HIGH R (DBC) L v .)



RIEHF L E R SRR #E  No. 17, 2003 41

o, @A Z D 2HEROHEHEEED, ThERIET BELLIL, HREE L REBEOMMENTITHY,

BLLTER W, ETHBROGER, ETHILHVHEBEIHS.
(2) MMERBWER (IS Z 0MIBLT ASTM CDFFEREBRFTEE AV TIT o - HRARBRERD—
D 3332) Plrgk2IZ7-T. /o, ZOERMSTIS Z 011912
CNRODORBITIE, BERSTOLDICBEANETR o THUHEINZDBCE#E2IZRT. ZODBCIt1

% BB DEHERIIH Y 5 HE % 3T 5 KB EIH HEHENIThEEE TV AV TR. E. Newton A%l
FINTWD, TDKiEEE, R E NewtonlZk h# WUAED THMARFIRE 2o TV A%, I Dk
ESN-DBCEHZV IZESVWTEREITEY, B EFYXRTOYUGKISEATESL LRG0,
HEIZIE, B1IORTZEEORE, T4abb, WG (3) HBRLESHEHER

DHEEEELETMET 2FEFEELLRAR (RER H 5 EMONEIZIEI 2 E@EHHFEL, TOEMIZ
No.1~6) B X UFFAMERE % MET 5 FFEMHEER BT 2 MEESFEL 22 L &, HENHE/ VR
BR (R No.7~12) oM shTsh, BIELAZ EWamllA, BaIEHEY 50 % 5H 3 5 KRR

EICE Y, REIHEBZ5Z2HE/ IV A0HHE (B PiTbhs, ZOHREERERBRIZBVT, FEU
P OFHRER D P HRIG TR T E D OIS HFEEH IR EomEEIFHI S WD &, BAXRFFELKREGNO
THH)PREBTEL LR >TVSE, TIT, & ERANBRE Sh, BROMEHEREOLEREIHL S

£2 HEABER (JISZ 0119124 3)
(RENo. 1~5 T TH—HB LAV, HABME, HKENo.5~10 £ TRI—HAHZHWV.)

HER | nEE | EELSL | EHR BeER H B
No. m/s2 m/s i ms
1 1930 2.31 2.01 RKEMBICREERL.,
2 2110 2.49 1.98 RESBICEERZ L., AT
3 | 2660 2.90 1.94 L A DER ERDI=. ; 3 %@jlﬁ
4 2790 3.14 1.59 | EiZofl, B B OEEEFED=,
5 3360 3.41 1.50 | #4L A,B DA, j@ﬁﬂﬁtz%’ﬁm L.
6 228 7.41 32.9 FRERICENIRL,
7 279 7.20 26.1 BN EICE®ER L. A
) 323 712 22.3 B C DER % BD I, ﬁgﬁ
9 376 6.88 184 o4,
B A BELUHA D OERERD
e
10 419 6.93 16.8 | ML A,C,D Dftt. HENBICERE /2
[/0
3500
IS | |
3000 [ ! Ogggz —
BEIBER x: A1)
e R
__ %00 ! "\ O 2D ORBLEL
{é 2000 (Sjl S 4
B ErNA
% 1o —A Ty
1000 [—{uis Z 01191k [+ [#tA, DEW |
4DBC | l
500
I R P -E?;lgb_
0
0 1 2 3 4 5 6 7 8

EEEZEE(m/s)
K2 JIS Z 0119z kX D HBRARERILHESIN S DBC



42

6000 ﬂ" 7| — A DEERILR |
< 4000 | HQIcERESh —
§ - A
T
# 2000
g2 /

0 __.,g://\.-dv
!
-2000
0 1 2 4 5 6 7

B fdl(ms)

B3 HRICEHMEABRERO—H

ha.

HHERONIICEIH L BEVBTFEL, FOEHMIC
T 2MEEFMEE 25L&, HEDEHR/ VR
PRSI, RICEEHT SIS 2 EHl 5 R
Birbhad, ZOHBRICEHFERBRICBVT, FAELU
LEOMEEIEREND L, BRIFHERREMO
FRANERIT SN, RAOWEREOREENFHLS
ns.

CHETIITo L RBEREO—FIER 3 ZRT. &
®, | HHEOWRREEFVOHE, ERLIREHEE
2NV AK LTRSS WA HROBRRIEER, AN
BRKMEEDLTOHELUT TH Y, T/, FRIEEHREN
VK L TR S W A HROBRKIERE I A RK
MMEED2.0ELLTTH 52, LarL, EBRIZIZKS
OERITRT L) I 3BULEDIRENREL TWAEE
EWhHbH. L oT, 1 HHEDITREREF VT
BIRTORRDEHRICEERRTHILIEITE L,

X wg
O FEREA B

Av
K4 SRSAREERDHEDDBC

3. NEHRMITMTHELLDIRER

R. E. Newton {3 8 Q%580 S FFMiik 2 LT 2%
2, BEETFLVELT ] BHETRERRZRTHVTY
5., EDETNED LR RPHEBLBRBETNVIZONT
HERICEBIT LT, ERBETNVOHRICEANR
7 PV (SRS) BXUDBC i 42L, I4BIV
B 5 iCRT &9 I8 % DBC ORI I, R E.
Newton DFFHlETHESE 2 28R, T4bb,
[EEELRFE] BLU (HERR ), [DBCXRER
2] PHEETH2Y, HbOOXBEFAFNES OB
18- JEHHAERLTE Y, THEHRR] (BWinEET
WICHEIAT A2 RR) BREL TS, ThHEDHEN
EROHRABRCRETHILIL, EHR (I =70
VE—=F A RI) RHWLER, B5UL, BEAE
BEFN (RAVEBASINAREEZRT)ICE D
ZLTWBEY,

X BmEER
O JEREH B

AV
K5 SRSIZEEHI S 5HEDDBC



KIRAF UL ERAEAR AR E  No. 17, 2003

A
Ao

Ao

As

Ao

Tr=A: /Ao (=Tr))
ANBEEN I

Tr=A:/Ao (=Tr1)

7

ii

dit
H
K
:

¢ :

i %

i

H

H

T T
(b) To= T:- AT

Tr=A2/Ac (=Tr2)
2nd

Ist

(c) To= T

Tr=A; /Ao (=Tr3)

B0

3rd
2nd

Ist [\

T, T. T
(d) To> T

43
A
Aci a
AV

DBC
A
Aci a )

AVi AV
DBC

A(b) ( (T2 AT) ac/Tn, ac/1
A(c) ( T2ac /T2, ac /Tr2)

Tr
Aa=ac/ Tn
Tr1 | . st
(a)
Tife
SRS
Tr
Aca= ac/ Tn
T |y ]St
{a) ()
Tl'ﬁ; Tz‘fc
SRS
Ac=ac/ Tr:
Tr
ATf
—_—i e
2nd
Trz > )
C
Tn rlSt ¢
a) (b
Tife Tofe Tife
SRS
Ac:= ac / T
Tr
AT,
Trs —> 3rd
2nd (@
Tr2 /E )
C
Tn > Ist
()

Tof. Tofe Tofe
SRS

A
Act |- a )
: Ac2 ( c)'
/T2 ,-".'.
Ac ..":
AV AVI AV
DBC
X meE IR
O FEREEK
A
Aci a)
: Ac b ( 9)
I/T 2.,.".:.
A a
AV
DBC

®6 #% v A{ERBEME & SRS, DBC OB ([MEmHK | BEA N =X L)



44

4. BERR]| REANZZXLDER

[HGEBE | REA DXL SEHT2BREE
6 ZRY. RBICMZ B HBEHR VR (AHE
BVVR) BLURGBRSROBIEHNRICEHRT 5 nhE
B (HRLE) 2 ERORTRY. £, EfoRICH
BT A ERMEEGEELTr BLUHFEMEEEZ N
FhpnR (SRS) AN —, ARl (DBC) A
—HTERY. Z2C, TrdBREREEA X ANE
KINEBE Ao TR LA (Tr=A, Ay & L, F&E
HEE AcIZESTMOFBIESE ac % (ZEHR Tr TH
L7:fE (Ac=ac/Tr) L LTw3., $/:, SRSHK#E®
fcEEAERSHEERLTE D, DBCHEDAV IXFF
BINHEE L HR N A DIEHREE O (AV=Ac T,
ERLTVS, @F 0 (a) 25 (d) DIFIZ, &4 IH
BV ADERREHE ToAS Ty, To-AT, Ty T3 & EL
oTwsb,

B6(a) loRY & 912, ANHR VR OIEHERE
BT, DHE, BRKHERILETA THS. LdoT,
BERETr &2, HFEMEEIIAE LS. KIZ,

ATHE IV A DIERRE D T,-AT D4 (K 6(b))
K2oWTR2E, EARMIEL 2o TV IZd 2D
DOLTRABTRIEEIXA, THY, EABMIT, 0%
BLEILMEE RoTWAE., ZD, WLt HIEER
BLUHFEMEED ZhENTr, Ak % b, SRS
LDBCH 77y MIZEbLTHILIbRAE, LAL, A
NEENSVZAOIERBHS T, L LEL 2T (H6
(@), BFRIEEIZZOoHO Y -2 3Hh, RAHRIE
ENAL LD, TOHER, LT HEEEBLUF
BEMEEITZNENTr,, Ak %9, SRSBELV
DBCIBBLEIrBhAZ LI D, DL E,
AA, TH B, Tr<Troe i h, Ac>Ac k%
5. 3612, AV=Ac T2 EET5L, AV>AV,
Bl hbh s, RIS, SHICEWEREMO
ANBESVA(F6(d)) 1283 5 SRS, DBCizo
WTEZRDE, IPORTED & KD SRS,
DBCHAFHEENSL. ZDLH 12, HRICECEKD
¥— s 2BN554, DBCOBMERKRE LD, &
WIDLERE THICEAFBEELTLE) [HERR] 5
BETEY,

e TR R 0D50% DBC
—a— FEIFED10% DBC
.- -+ BIRE0.1% DBC

N (m/s?)

2
..q-8 By
[ )

e B F ZoAR I D50% DBC
—a— B FEMRERD10% DBC
—a— B FERED0.1% DBC

éf
- TR
100
0
0 5 10 15 20 25
HEEZEL (m/s)
7 I=Zvoy¥—54 220 DBC
#£3 T LV—-L0IEETM
BHRASR& KERE (BUHEREE 50%) g (REHEREER 0.1%)
TOHA IR T Ok EE
BFEES(Power Unit) # 500m/s? # 250m/s2 (GRXHR)
B FH M (Circuit Board) #1 300m/s? GiHER) #) 250m/s2 (KHEHEH)




KRR LR RS ATRFEE  No. 17, 2003
5. MULLRBERMS FHZA

BRRDODBCHAR4HLVIIRIS DL S 2FREL
TVTYH, +HERICHRBOBHRMILFMTES L
INEESEHLVFEEEZERL TS0, JISC
0041 B L 'IEC 68-2-27 icxtied 5 H/- 2 BRI,
[MREEHEBRRR] THH, JIS Z 01198 U
ASTM D 333223 % Bk, [DBCEFflizs] T
b5, MIBICLY, BEFHBLLEWHE VO
BERETELH L) ko7, ZOREFRBEIL, Wik
EEBIUBRAERNODERAFEE L THAVSZ
ENTES. %RER, FEMEERBRERBIUYS
MR & (BA) SRS 7F— 7 » LR HDBC 2 H
BB AF@EETH Y, TROETFA ALY PL
— ¥ — E AV EEM S FFHERERIC X 5 EREORER
bfToTWAH ), IOFEEIZL Y, RAHRE ST
ECRIEE 2 5B 8% BAHICIREBTES L5k
7.

6. FEDBCEHEZE

HHIc BT, ERFICHIIL2PULERB SRR T
RBHE L o - RS, EBRICEBIAL AW 2
V=4 ([H2 V- a0EERME] EIE)HFELD
lHHBH. ThiE, BAEECHBREERICERT
HUSHRBEDITILDEIZLBLEILNS. £C
T, EECREFNIELOENETES [HEFEDBC
Sl ] #ERKLAY. FOERLFMEICE,
IOy E—FARAIOHRME FFFML-BR,
(M2 L—L0EFRE] F*REE, TOREXD
ZXBIZOVTHHALNCTEAY, HELAI=7
Oy E—F1ADOEEDBCER7IIRL, TOR
SICHETLETF— S ERIIIART. HIBLURLD,
50% DEEIBRERTIX, BIRMIX, EFHERBLOD
B S M2V AT, 0.1%DBIBHEERTIX, KELEN
FRHLNLEW, Thbb, FERIL, ERECTIER
BLEWEIREHA, T TIREIET AT HS
EERLTWVS,

45

7. [DBCEHliiE] MEDERBLUMHFRIL

320 DBC i Tid, BLAHRM X FHOEBRH
MESEBRTLILIITESL), EVRHEAEEY
75 B TORESEIXEBT T, RFMEFEREE
AILIITELRV., Z0:0, FRERNEW, FHTE
BB LEDHHEEL T, 5HEHE D DBCEFMED
FREEZERL TV, 4, SFEEOHEB I UL
BB Lokl RBAFEOHRRILIE-/9.

8. 8HbOIC

W% aEs L URSRETO 0O M RHRE X 5T
BICHT A ETY, BREOHEEOMBESLHS
ML, ZodEE L THFEELRELL. hb
OFFREEE, HEAECYUMBE LIS h, BE
BEFMOBEICAKTE S,

SE X

1) R.E.Newton: Fragility Assesment — Theory
and Test Procedure —, U.S. Naval Post
Graduate School. Now available from
Lansmont Corporation, 17 Mandecille Ce.,
Monterey, CA 93940, www. lansmont.com.

2) hIBRER: HEBEZ ARMEE FEERE: HEL
®E4EE 8, 123 (1999)

3) FIBRkER:, FEBZ, ARKEE FEEE: HEE
LR 9, 33 (2000)

4) PSR FEBZ, FEEF BARRERFX
# (C#8). 67, 539 (2002)

5) rrlgEER:: ME BEARAKEFAMERIL, 35 (2003)

6) PUBEE FEBZ, FEEF: HRABRRERFX
£ (C#), 67, 3924 (2001)

7) PIBEERE HERE, FREF: HRXLERFERE
11, 115 (2002)

8) PUBFEHE, FEBE, FRER: HEAMEBEFEIRL
£, 63 (2001)

9) hUBEERE, HEBBEZ, FREE: BFRLEFERE
11, 217 (2002)







KIRAF AL E RSN A TFRATEE  No. 17, 2003

47

Cr-O¥Ez AW miREMERIET £ ¥ I DBR%E

Development of Cr-O Thin Film Pressure Sensors
Operating at High Temperature

E _F l[lg\m *
Tadaoki Kusaka

iR fRi* fA Bk*
Toshikazu Nosaka Akio Okamoto

" FE* mk  E* HE Fwx

Yoshiharu Kakehi Takashi Matsunaga Kouji Inoue

Hef AT

:élrlrﬁ' IEEE*** %;F 9‘&****

Tsunehisa Tanaka Masaaki Yoshitake Hiroshi Takenaka

A e

Mikio Sawamura

(200358 A 8 H %H)

F—O—R:tvY, BEH Y14 PIS5LK, SRBE SR BLEIOL, NyIR-YaVR,

(LR, DLC

1. FUSHIC

EEAOENREBLLTRIVIF EIRESL
LBRAPOBEAROEN L HETEHEHEETS.
LHTH, BRESTHAIFBORLEN X V24
(EHERTVWS. L2 L, BREAATHEHATES
WEHMICEN - RECRESEORVEN L VY3 E
Ewmgichv, —RICHEROEN L H L LTI,
LUGBREN LV HEEREAT—IFELERASR
TVa, $UGEREH L4, BEOKETHEY
—3 7727 ¥H100~150& MBETHO/NRTHY
REEED Y LE—F v 7 EICERLTE D458
AHs, LL, EROBEREISKEVOBREE
{Lick BEDBEIKE CREMME AN LEND
A2k, ENREESRLEREL EROBIEREIC
BIBRASH B &, LEIZEDI20CHENLERE Sh
TBY, BEIROCTHEFTTCTHERIATNSE., 0D

* MRS WEMRSV -7

* % WHEBHE BFFNNAATINV-TF
+xx  FPREARNER

xxxx AXRVZ=T v 7R ()

o0, BEBEREHEKCTOENZHEET S LITHE
T, A VEFFALAGHASEE L # > THET
REEHAICENREETHILREIRDPLEL RS,
ZHZ ki, MEMCESEZIIELZTRERL 2V
ERAANEDOFENEE) AREXELR E~OBHAIC
LUCHRBEEAX A LIRS, —F, EBREA
7 — T BEREANES CREELICL ZHANDOE
BIIEBEREN LV F IR TEP IO BV, &
BERNEW(F =T 7775 H28H) LVIREND
5. %1, EROBICIIEREFSIC L ) HEER~E
ESEIZLENED, BEROMAELHPN, BE
MEANT DI LIZLDHDEENOZEL LEERS
TOMBEEIFET 5.

FLARINFETIZ, BEOPTLY =T 772528
HEBHAEWEEDLRTWACrVIZKBL, o4
DIEFGEL LTEB L ) b FV T VEIERTE
BRELMELELTCr-OBROMREITVEN LYY
DB ET->TE2, APFETIE, HREBART
LERAMTREL VO B bic X Y FLARLTHED
PEREFTI 7o012, BB TEHENTEELZRMETIFED
BWENE Y HORELIT-7. TITIX, 150C~
250COHOHBBTCLILRE L ENKREHEE X RT Cr-0



48

MEOERR Y2 BB, ORET S - ODOMHEL
BNy IR=T 3 VEIZOWTRHFL, SEHERE
D HELTOREZIToERIZIOVWTEHET
5.

2. BEULERBFRENEYYORE

M1 AR ETCHRELARBIEREN X > YO
EERT. ENEBROTIRIBETHS Cr-0 HEIE,
A7 v LA (SUS630) CHEMSNAHNWTIYTT4
DEANERINTYS, F1KERTEIZ, THE
HEZFBLETAY 75 L4HEFRL Cr-0 WEIZEH

1INy R—a VR

\ Cr-OFE+ Y
- BRE
SUSHEAT7I5 s
C -
S

1 =ESEEENE Y O#EE

1Y TS5 A

CriOxBH T —

FAVISLRXENEY
DEXME

b, 0L EIIRETSCr-O BEOBRERO
BLSENERETS. Cr-OBREIS 41 VY754
ro 4 »mIERER, M2IZRT 7Yy VEEICK
NBELLTHAE2BS. ¥14Y 77 A0KEICER
TRIENE, ¥4¥ 7540008 EBDRTRIEH
DEENRET S, 22T, Cr-OBE:2514Y77
LOFLERE BB 2B ORBLTTY v VEIR
PERLERELRENEBRSLLIICLTVS. Cr-0
HMELZAF VLAY LY 75600212, BRIER
DD SIBLIEIC L BB OEKEIT-72. /2,
BEREICIIHBETOMEAIZL 24 EBIET 57012
Ny R—=aVvBEOaA—-F 14 752 TF>Tn5,

3. EVUHRORE

Cr-O ML, AP INETIIEN LV YDEHA
MHELTHELTEAMETHY), ZRTHESE
LENEHADICAIZEHI LTS, LaL, E
NEH2BBTHESEELIETH L, BETOR
ELErHEESRDOON, Fl-LEMEARILE
&%%, #IT, BBRIIHLTHEDORVWENRED
TODERY — VBT 5012, HAiCr-0
BEOEREGEOBRF 21T, Cr-O BEOELRM 214
HIZOoOWTRET L 7.

«—»
ALY T 5 LE

HAXISLBOES

TNy O HE R

M2 EHtryollehs



KRAFSLERBAR ST ARTHE No.17, 2003

£1 Cr-OMENEREMH

ARy 8 HFEX DCwrAbOrsRyH
y—4v b : £&Cr (100mm¢, 5mmt)
= W T a—= T 70594 T A
FLIERZERE 1 7X1075 Pa
A28y §HAE . 1.5X10°! Pa
Oz &t :0~4 sccm
ArFii 1 6~2 sccm

(Ar & Q2 EDFI# 6sccm —FEIZ L 72)
AR 1350 C
g E : 200~300 nm

(1) Cr-OFEDER

EAE L LTHEBTORECBETS-01218,
Cr-OMBNIERBE+* L JOBEREL H +512
HiRICLTERL, BIERETHOCr-OMBENHEES
FHOREUIPHFTELLICTILENHS. L
ML, U ETFOEERLER TS LEREELD
INVBRBICTHIERBERCTIEEZ V. RFETIE,
150C~250CCEMfETTRE R 2 BEL TV 5D
T, EMERBEZ3S0CIEAEL, REETATH
ABFOMBE AL S TEREFORBELERH - 7.

Cr-OMBENHEMEFEERLIIRT. RESFEE,
MEHEAIPVWDC T 2 bR Y ANy FiEFHW
7. =7y MIEBCr Ay, EBRICIEa—=
Y7059 F A E AV, WEOERIE, BEFv
YN—HN%10-PafEBEICEZEHER L 7o b L EARN S
(350C) 172 7. BEWBEFREEL THL, /8y
¥ H A (Ar) L RIEHEFT R (O2) BAL, REtEA /<
v I EFol. ArHRL Qe AD =Y ViliEm%E 6
sccmé L, FRFhvA7O0-a» bO—FIZE 0
ENFREIZayra— L7 Cr-OMEX, 250
TR ERAVTEREANEE Y - 2BHEL, B4
DREEIZBW-.
(@) Cr-OFEDBERIBE

O W AMBEEELSETHERLACr-OEENX
BEF S - 2R3 ICRT. B2 6, O A%M
ALBWTAr ¥ ADHTER L 72X Cr (210) R U
Cr(310) 250 EIF/E — 27 25BHBEICHRN, O2 R %
BATHIZEVEIE — 7 RENRD L SHEEH
BhT7EL7 7 ABEICELL T Z EHbDd
5. EHE L LTCCr-OBE#ERT 25461,
HBABROEBHICE Y O2 7 A EA2.3scemfEfE & gk
WHEOL 2 VWEREFRALTEY, rHicHVS
Cr-O MBI oMIcBt 7 O LH 5V IIEEEEXFA
ECriEtharLtEZONS,

49

T T T
DC Power : 200 W

Tsub :350C

Cr (210)
Cr (310)
1

-y
3 Fo : 3.8 sccm
< - =
~
M I PO N Fo :3.2 scem
§ I e, W Fo:2.8 sccm
@ g, A Fo:2.3 sccm

Fo:1.7 sccm

Fo : 0.8 sccm

J L Fo 0 scem
20 40 60 80
26 (deg)

B3 Cr-O#WEDXH o/ $y— >

(3) Cr-OFBEOBIMIFE

B4k, O A& ENLSETERLZCr-0
BEOOTCIZBIT o IERIOELERT. Kb,
O HF ATEAHIMT B2V A L3 o8nd %294
fiBH% Oz M AHEEBTIO uQecmAFOEERL,
Y OBTAEIE L CROERPESIITRALIL
Bhhrb,

5, fERL/ZCr-OHED 0 TlzBIiT 5iRER
# (TCR) ® O HF A RKFHETRY. A5, TCR
X Ar FADH (O2 77 A& Oscem) TR L 75 &
D#12300ppm/ CHE A H O2 H AR E DI EV
BLLTWL ZEXDHI S, 4512, 1.0~3.0sccmD
IEVWERBTCIXI TCRY 0 2 3 3L Bppm/CEED
INEWEEZRLTWS, TCREAKEWE, L LOR
BEETEAPKRESENLT S, DO TCROK
EaMBREENECHICERThE, EAP—ETH
BEFSELT LT CHAPKRELETEIILICE
D, BNt HHEELTRETHS. hiTHL T,
5 DiERIE, O2H A 1.0~3.0sccmil BV THE
B RITBEELIC X 2 BRENEILI/N S Ik
BTHHILERLTEY, ENEHICHLAMH
THrI b,

INLOBKERDS, SEORETIEERIEMEE
FHTCROMSVE P HEEERT 72D 02F R
e LT23scem AT H I Lzl
(4) Cr-OBEROHH—EHIY

ERER LY, ERRE3IS0CT, O2H A 2.3
sccm, Ar AR 3. 7sccmDEHICE VAT VLR



50

- 105 - V'H T T T T - T
DC Power : 200 W
10 Tsub :350 C
3 103 . o°® .
~ °
g .
X 10° W .
.
N * . .
1 L .
0 1 2 3 4
Fo (sccm)

B4 Cr-OEBEOHIKIE O H AR D BEFR

3000 - T T T - T -
| DCPower : 200 W |
- '3 Tsub : 350 'C
% 2000 5
g s
S 1000} , . -
(8] [
= ® o o °
1 0'0'“.“.' """"" =
-1000 . ! . 1 .
0 1 2 3 4
Fo (sccm)

5 Cr-O#ED TCRE O2 /7 R & BifR

FAXT7 5L EANCr-OBEEERL, MMMTIC&
BNRY—VHEELTENE Y OEREZTY, B2
RTEIRT) vy VAR VEEE L THHEED
E®fTo. R2UCHEF COEE TSI LRAER
¥. BREDNNy - a VEICR, ERBHERE
N TCHHERALASIOZERa—F 17 L. W
FHERER2> 5200CE COREFHABREICHKEL
TEAZEML, BHBELEHOBBEEREL .
EAR, BEFRZIVHECENERLICRT &S
ATV VAT AXY 75 LDTHISEL 7=,
B62200CIcTRHELARD-EHEEEZRT.
2o HDBERERZENDOEILICH L CERBIZEL
L, Y=7 VT 4DEBICBRVWI Lbhr s, T,
KII00CTHOREMERTH, ENEHMELT
RELHEEENERPSETHELAMEICIZLAL
ENEL, EXATYTADPFEEINEVWI L b
7. ZERBIVISOCHORBEICBVTHELERD
200CICTHIE LR L A0 stE 2R L 7.

INLDFERDS, ERLACr-O MBI REE
BEHEFOENRMMEE L CRIFRIEE L RE
L, +oMERERS Z Lashho i

£2 FEFER oL

ORI

AN )—F—, Kk, Vv I AL—kE
@SiO2 xR

RF A%y % 2um
®@Cr-0 W 1R

s/ N = I AP 4
@Ry —v=vy
®ONi BEEERN
®ny—rv=rs
@Dy Y R— 3 R

ATNTARYINY —
®V—FREHEL
OillE

'20 N ! v ! M T

| REEE: 200C
Ny R— a ZBY(Si0,)
30+ ]

i

0 . 0.1 . 0.2 . 0.3 . 0.4
EJ1 (MPa)
K6 Cr-OMRN200CIZHBITSHMN—ENFME

£3 200CTOEHNDEM, BIBOHMNEE
(7€y MEEREEL)

FED | ENMNEo®S | ENBRSEOW S
(MPa) (mV) (mV)

0 —46.04 —46.08
0.1 —41.45 —41.48
0.2 —-36.95 —36.99
0.3 —32.49 -32.5

0.4 —27.98 t

M

4. N\yvIR—2aVEDE

BBETCHERAINIED LB BICIEX
NBZLichY, LoV HEFERBETE Ny IR=
a YERERTTRTHS. i, BROKAFTE 4
FEMES R L &, BMLICX B DL RS &






52

0 100 200 300
IyFUEME (4)

K8 AINEEZ/ Sy I xX—y g BiIZLBD
BERFEORERS S AHh (Fnsi L)

o100 %00 300
TyF R ()

M9 AINMEZ/Sy S~R—3 3 VI LD

BEILEDIR S HMSH (BB AE400T)

Iy F UM (4)

F10 SisNaFEBEZ /Ny S R—2 g VBIZL/-BED
ELEDFE S H M (BNIIBRE400T)

2500 CTHNBETo 2 BEORRTHI2ICRT
¥, R, BEFREL /Ny ¥ X— 3 VEHIZ
BBLTBALTWAZ Edbh s,
DEDERNG, £/3y O R—3 3 VEOHRNLIER
BB MBLEIC OV ToOF s T L b L &4
b, RALCTRT LN, wFhonRyoR-—T3
VEH200CTRTSICTHEBRILERFOZ Latbdh o

0 100 200
TyFJEHE (4)

E11 DLCHE#/8y 3 R— g YEIZLBO
BILEDR S F A (BB 400T)

500C amneal

0 100 200
IyvF VR (2)
E12 Zr-Al-NEZ/8y S R— g VEIZL-B0
BERXEDFE S HRDA (BB IBEES5007C)

R Ny vR—vaYBOFREISET 5B

AIN Si3N4 DLC |(Zr-Al-N
£ iR O O O O
200C O O O O
400C O O X e
500C O E— —_— X
OB X:!XAR ——:killE

7o, #%IC, AINB LU SN 7% ) iR TRk
fEEERL, AINBETIIS00CTOIBEN N Y-
LTEICEBICERF MBS 2B OETH L Z LAt
bipoi,

E13ix, AINEZ/ Sy S R—vayBEIZAVWTED
Y EERL, 250CICBWTHD-EHSEEH
EBLAEERTHS. Irobhs L5 IFEICANE
RELEEIBONTEY, AINEISBEHERE
NEHDINy I R—a VEELTHFERTES
ZEMbhol.



KIBAF L EREARSTAR#E No.17, 2003

R N

(1) BEEMICEHT DR

ZRTHMESEEZ LY THNIL, Ly ronY
— FEOBD i LI, RAFRTESEET L CHY
bha, LaL, SEIESELZEDE YL, 150~
50CHOBBTHEREINS 0, BEDIFALZFITE
TY—FORYHLET) LITAZDER L TRERMIC
WABWIEILRD, OO, EF260)—F
DR LAESBELFENEZETH ), MHREEH
EORFVLEL 25, 22T, 250CHORIET b ikH
LEZVWERIIAL (BS291TB L U310CH 2 fif)
LB IRBAZFTE, EKREBEEO—FETHLARY
FOZNT A TERBERR Y T4 v SR EDT
AXY =Ky F4 U TEICLBEGIIOVWTRF L.
ZORER, WTFhOFETH Y — FORY H LATTHE
ThHHI LI bhot. ThHLDFEDHTY, £E
WEEZLLBEREY T4 Y TEIROELELRFE
THHLEZONLD, TITEBERRY T2~
THEIDVTORFHERICOVTHET 5.

#51k, BTEFY 7T 1 v 7EZHOTHIEOum
DALSII%ER) BENIEENKY 7T 27457
OOEGEZBRFLAERTHS. Ni#ELHAVD
&, ErHBEBBINIALEMHFICE S ) — FEILY
LEFICEDBEELTNIEBETHER LTS
Thb, CTHCWLBEERY T v 7ER, 7=
Yy IORVFA 7 TEEHRISNTWABER7A VY —FK
YFEA YT THE, BEERITAVTETILDI
BETRELMAL LTIk, BFkMD, WEH, M
A H DA, T, MEHZ60gf, ENINEEMH
#032secilFhFh—E L LBEREBHEELS
THEAWREERF L. TOEREERSIRT. K5
5, BRABLEWEHENIZ0.0BWTHE I bbb,
COEBEERVWTHELLEED Y+ oEES Al
BOEY T4 7 7 &7, KRH$300C, 30min O
BREBEET o728, BEWTOHRIALNT, /-
BABOF o5k ) HHE O HBARBROBBKTIILALE
BEPoT. IO ENL, LUTEEEE ) - FiE
DESBEER T4 v rENTSBEATESLI L
ool &b, BEEKYT1 X 7EIEIOM

£5 HEEFKRMEESKEOFAM

0.01W | 0.02W [ 0.03W | 0.035W | 0.05W | 0.08W
X X A O A X

O:BiF A BEHIGHN X I AR

30F rtyx—aBAN) ]
MEHE:250TC

0 0.1 0.2 0.3 0.4 0.5

E 71 (MPa)

K13 AIN%Z /Ny IR—I g EIZLEEAE Y
D250CIz BT A -FEHaEHE

WAL E W R— VR 71 v FgEdd5s. &
DHEDHRIZOVWTHEERF LTI TFETH 5.
(2) {SHEKICAT B

LAt 2B LTHNET0I0E,
YHOEFEEIIOVTH SRRV LETHS. 0
7o, FRTOH DR LUENRE, EHRHERR,
BERBRE 21T, BHE LTOERIIOVWTRE
L7z, H14i, 150COERIC BT 2 EREERRO—
Bl LTHERBRERER LTS, COBERRD
FHEERDEBYTHAE. TTERICIBWVT0.5MPa
rEIML-Rom A EHEL, ©2&IZ150CT0.5MPa
FEMIML BB HHEEIT). £DH%IS0CIIBW
T0—0.5MPa®EH/ VALY A 7 VRRER%
79. BEDH A 7 V% ENN%0.5MPa TOHHIE
iTv, BRICELTO5MPanBhillE:TH. 2
EICBUIS0COZHARICE L TRMICEN SV A %
EMinL, ¥4 7 ViREBRE BT S, CORMETHRYEL
5074 @, 100/A[E, 1257 @, 1507 |, 200750E, LA
%1005 M = & 25005 % THEA/SVAZEML,
FOHEKIZISOCIE BT 2Ly o HRE:RT-
72, Hld»obhrb LI, wFhotr4 b0
BELURRIC L AHAERI05%V T THEEICKREL
ThYh, BHE LTHFIEEE DL LEXLNS,
S OMOEFEERBRICBVTHIS0CHFEBIZH LT
BIFEFEEIBOALI LSS, RISIIRT &)

s
&8
H
e
R
H
21 L [ 2 1 " 1 " 1 "
0 1000000 2000000 3000000 4000000 5000000
BROELEX (E)

M14 150CI23B4T 5 ES & ¥ F OB ERERER






<«

iy






KRRRHT L E R BIRARE  No.17, 2003

57

T A& —HIENZ BT 5 IBIRREE R O
—REZICE B LV —FHIEBREDOE —
Clarification of Error Components for Form

Accuracy in Raster Flycutting

—FEffect of Laser Positioning Error caused by
Atmospheric Pressure Fluctuation—
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An investigation into the effect of fluctuations in environmental conditions on the

degradation in form accuracy of finished products is carried out using-ultra-precision

aspheric generator with a laser interferometric measurement system. This study mainly

addresses the correlation between the profile error of a finished surface and air pressure

changes during raster flycutting. Cutting experiments are carried out in a precisely air-

conditioned environment maintained with temperature change of +0.04'C, humidity change
of £1% and natural pressure fluctuation. Experimental results indicate that deviations of the
surface profile from the reference line increase in proportion to those of air-pressure drift.

In addition, the form accuracy is determined solely by the magnitude of air-pressure

deviations. Consideration of the atmospheric compensation error confirmed that the deviation

of the surface profile results from incorrect tool positioning caused by laser measurement

error in proportion to the change in air pressure during machining.
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Scheme of raster flycutting showing relative motion
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Main components of aspheric generator and
atmospheric measurement system
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FElectrical Discharge Machinability of Zn-alloy
for Die-Making and High Speed Contouring
with Wire Frame Electrodes
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This paper describes electrical discharge machinability of Zn alloy (ZAPREC)for
die-making, which is compared with die steel(SKD11)machinability. The resultant newly
developed Zn alloy allows high-speed electrical discharge machining (EDM) with lower
electrode wear ratio under finishing conditions. Therefore, Zn alloy with these excellent
electrical discharge machinabilities enables effective die-making using three-dimensional

contouring with wire frame electrodes.
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Experimental condition
MBI Y7 1998 A30-NF25
B EIE ui:80 Vv
BAREER | ie:10,20 A
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Chemical composition of Zn-alloy (ZAPREC)

(mass %)
Al Cu | Mg Fe Pb Cd | Sn Zn
7.18 | 3.89 |0.018]0.013{0.011]0.002|0.015| Bal.
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Comparison of physical properties
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Relationship between discharge duration
and removal rate
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X-Ray Residual Stress Measurement on Cylindrical Surfaces
—Estimation of Circumferential Stress by Irradiation
Size-Changing Technique—

NE F* OHE —K™

Taizo Oguri Kazuo Murata

g ™™™
Yoshihiro Sato
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A new method was developed to estimate circumferential stress on a cylindrical
surface without tilting X-ray beams in the circumferential direction. In this method, the
X-ray path is restricted in the plane including the vertical axis and the central axis of the
cylinder. Circumferential stress is estimated by measuring a shift of the diffraction angle at
v=0° caused by change in the circumferential size of the X-ray irradiation area. The
relation between circumferential stress o¢ and the diffraction angle at w=0°"(26,-¢) is given
as oc/K~gd(26)/3(sin2wy)|y=¢. (0<sin2w;<0.75), where K is a stress constant, g is a
geometric factor, and w; is an effective angle representing the irradiation size. For
normalized penetration depth J.¢/p<0.01, g=3.35; where J.¢ is the X-ray effective
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penetration depth and p is the radius of curvature.

F—OU— R XBEHANE, ARE, AABQAL, BRBIHH, RETE, FRRRE

BREILHIIBEBEDOEFRPENEESNICKE
LHBERIZT O, BEBEDOREEERTA L
TRIECHOHEL L UTHBMIIARTRTH L. REIL
HofigEE LT, FERIRRIE AT §E % XARIE
TEV HP—RIZELCBEVLRTWA, ZOKFEDRS
BHEBTH S sin2y T, 2OEBEGFELLT,
EHAEHYE (BRAANE L, BHERNICSZHED
EERMVEEL, BERESAL L TEEF LI LW
T&), XHBAESABAREO & WEEEHR
B, BIUTFEIOELILMERTELELT A,
L Lads, EREREIMAIE—RICHELTEREAE
LTEY, T/, BRELHUESLELHBELITL
BT TH A0, sinfviEd @A LHEICE,
EEEKICER L - HERErE L 51E2 Y, R
FRIZE > TRVBICVLELZBHXED v ORI HE
ENBR LS50 SEmEHEBIIEIHUELORME
BRETHLD, Iholxd s EEREICHAIE

* FESATER MEF@mIV— T
*x  EERRER HEREIV-T
*xx  KERHTKFERFR TR R R ER

BRBETHL I EHL R, Lhbi}, HEOH
TR %7 D74 Ly MRk EOMIRE
o X BREICBIER, BiROFE ORBFFEMHE
BELLD, ELOTHETHS.

FITEHBXTIR, D& HERBHBOREIE
HMEEXTERICT2HiEL LT, BHXBOyEEE
LELET, JEEFEMLTVS I EE2FBTLH
LWl Esim — R mME tiE— € RET 5. £RT
BEMERVFARERTH 254 LTS, Bt
WRELETE, XERBIIAZoS.L# L .l
FEEAGEH SO FRACHRE S, AFFmMOR
S TERELERABICEL S u=0BOEIFE— >
Ny 7 rroHBFBICABRDOND.

9, BEE#AFECHEEDOEE Ty=0"RKaM
AL ARFmOBE T L OB E BITAICRE
L, ARAmEAO#ERZEE L. F/2, OAE
EBOMAFEBREBIES RO sin2y ik & BEERE
ftizoEhZhCllEL, HlEEE BT L
SVHEERDBYUMZRIEL. 8612, B4 DHH,
B, BLUHMBEEOD L TETETIZLIC
Yy, XBBAFRLOXE, HEhE, BIUHEER
DBEABRRIZOWTRETL 7.






KR LERENRSTETRE  No. 17, 2003

wg = arcsin WC

_ ij (O'A_,'-O'cj sinzw)dIAj

F KfVJdIA_,

G= fvj ocjsinfwdly;
Kfvj dlpj

290=200__VT(0'Aj+0'Cj)
K(1+v)

ViAHEAR+ S EBHEELs Ry, 22T, &
() DFE2H, MEGIERT 5. w=0 0, O
BN G L EHUR20, TSNS, MKGIZ, HE
HRIETS oc; ERRICEBT 2R ZELILHH,
BHEROKEEIEDLL L, AFFAEHIOKE S
KR CTy=0" DBOEf (204)y -0 BT 5 &
FEIND, E612, widsinPwdHTHEI LML,
BBHRIRDOREEL (204 )y=0 & DBRIZ, siny ik
ICBIT520 xsin2y R LBEUL TWAEZ EAFHE
dha, 22T, BiTELv=0"BOMIFTH L DY
X VAR

(3) BAXAKBHOHE

KBTI, ap;, ba, BIOLREREHLT,
7, R IEBVTOR, 7a), By RARISRT &
ICERLALT.

ij=0°+w. ﬁAjzoo‘V/ 5)

FETIE, B RE L CHEZESmm OFEAEL R
DETE. R1ICBREHEERY. oc/KIZHER
MIEANKE S ERDTHEETH Y, Lk "THET"
LR, WHEFIE-3GIERYIEN) 25 +3 (EMEE
1) FCIRERICEL S5,

B2z, EES5mmOFEHLEIZDOWT aFe2ll @R
(CrKa) D& T TRz, BY~Tik & BEFEEL
WCEd L) y=0RKORFAL 7 bR L OBEKRER
T. ##idsin2w, TH Y, BHEHTELRTEETD
5. FEEIE 2000 y=0-20, THY, GicEL. F2
(&, BETEEHENsSEs L, ARFEEDICELT
BEIRE—2 7 b BELBIELEERLTWVS, ZOH
i, sin?ywiEICBIT 520 xFsin2w BB EEUL T
W5, 22T, ARFEEHE COMBROBEE L DM

w1 BiTEH

Conditions for analysis
Diameter of round bar 2p 5 mm
Diffraction, characteristic X-rays | aFe2ll, Crka
Diffraction angle 26, 156.0°
Linear absorption coefficient i 95.05 mm~'

-3,~-2, -1,

Stress factor oc, /K +1, 42, +3°
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XROBAEZERBLIHED Gt sinw, BRIZH
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Relation between the irradiation size sin?w; and
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B3 mhHEF ac,,/KtlZI 2 DFEH OSsinzwcSOJS
KBIFaEBFITICL BN EIE-2 &
7 b 8(20,)/3(sin2wy) |y = & DB
Relation between the stress factor gc,/K and
the shifting rate of the diffraction peak
3(284,)/3(sinZwy) | y=¢- obtained from the
regression analysis of Fig.2 in the region of
0<sin?w;<0.75
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#2 XBIehllELME
Conditions for X-ray stress measurement
CrKa (Filter: V foil)

Characteristic X-rays

Diffraction aFe2ll
Tube voltage, current 30kV, 20 mA
Detector One-dimensional PSPC

Angular range of PSPC | 20°

Active length of PSPC

100 mm

Peak determination

Half-value breadth

Lorentz, Polarity

Correction Absorption g =95.05 mm™'
Stress constant | —318 MPa/deg
Collimator 4 mm in diameter

(for conventional method)

Scanning method

Iso-inclination , fixed ¥,

y angle

0, 15, 25, 30, 35, 40, 45°

Irradiation size

1.0 mm

(for irradiation size-changing technique)

v angle

OO

Irradiation size

1.0, 1.5, 2.0, 2.5, 3.0, 3.5 mm
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(b) Irradiation size-changing technique

M4 BEESmmORELEFLEIIGT 2REICH
HIERER - (a) fERIEIZL B 20 3 sin2w B3R &
BABIHE Oy AEFME, (b) BHTEAEENL
A & 520, 1 sin?wy R

Results of the residual stress measurement for
the round bar of spheroidized carbon tool steel
(5mm in diameter): (a) 28 versus sin?y relation
and the variation in the maximal diffraction
intensity I, with respect to the y angle obtained
by the conventional method, (b) 26, -¢- versus
sin?w; relation obtained by the irradiation size-
changing technique
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R3 WREFEN

Widened conditions for numerical analysis

Diffraction Diffraction angle | Linear absorption
Characteristic X-rays 26, ° coeff. y mm™!
aFe211 , CrKa 154.72 95.05
YFe3ll, Crkp 149.6 68.29
aFe220 , FeKa 144.5 52.28
Cu420 , CuKa 144.7 46.03
Al420 , CoKor 162.1 20.94

Convex, concave
0.025, 0.05, 0.1, 0.25,

Surface configuration
Radius of curvature

p mm 0.6,1,2.5,10
Thicknress of concave X-ray effective
cylinder 7 mm 5 penetration depth
6
R2
IT} Hl *
5 I Convex C _l: I “Q
—9— CoKa , Al420 --9---|Concave 09 5
—O— CuKa,Cud20 --O-- -]
—b— FeKa , aFe220 --&--- £
_‘8- 4 || —O CkB.yFe311 - E
£ —O— Crka . aFe21] --O--- s
g 08 3
g L L 5
s LT g
B 07 2
2
Convex| [&]
2 | 0.6
io™ 10° 10” 10" 1

Normalized penetration depth d,/p

K5 HBLBAFESLgEBLVgELRDSEE
FHBEDREHRIBRE L OBIME (Ogr : XIRAZD
BARE)

Relation between the normalized penetration

depth (J.¢;/p) and the g number/the coefficient

of determination R? in the regression analysis for
the g number (d.: X-ray effective penetration
depth)
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Development of a Dioxin Inhibitor for Polyvinyl
Chloride Resin

HE FE* BEAH BE BT REre
Taizo Imoto Shuhei Miyauchi Toshihiko Okumura
EH T wkrk RN [RLAT wokkRk

Itsuki Harada

Yasuyuki Akamatsu

(20034 7 A148 %#)

New polyvinyl chloride (PVC) resin has been developed for reducing dioxins during
incineration of PVC. It is already known that hydrogen chloride produced during PVC
combustion is stabilized by alkali materials and its concentration was reduced. The alkali
materials as the dioxin inhibitor has been added to PVC resin. This process is as follows:

(1) The alkali materials were crushed with a wet grinder to fine particles whose sizes

were about 1.3 um.

(2) The surfaces of the particles were treated by chemicals to prevent PVC resin from

being dechlorinated and colored.

(3) The fine alkali materials were thoroughly mixed into PVC resin.
Dioxin inhibition tests performed using a tilt-type electrical tube furnace indicated that
dioxin toxicity equivalent quantities in exhaust gas were substantially reduced by the fine

alkali materials to PVC resin.
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Improving Shrink-Proofing of Wool Knitting Yarn
Using Wool Cuticle Degrading Enzyme NS-11
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Optimum conditions of the felt- and shrink-proofing processing with an enzyme for wool
knitting yarns were examined using wool cuticle degrading enzyme NS-11. Raw knitting
yarns were treated with a mixture of the enzyme and hydrogen peroxide or with a solution
of the enzyme. Feltability and shrinkage tests were performed with the Aachen Felt Ball
Tester. Processing by the mixture of the enzyme and hydrogen peroxide effectively
decreased the feltability of loose wool. The enzyme treatment greatly improved shrink-

proofing of pre-chlorinated loose wool.
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Effect of hydrogen peroxide on the enzyme-treatment of raw yarn for knit

Sample No. & Name Felt ball DRY WET
(mm®)  Strength(N) Elongation(%) Strength(N) Elongation(%)
1.Untreated origin® 23 3.19 16.7 2.87 47.5
2.Enzyme® 24 2.93 15.8 3.04 46.1
3.Enzyme/ H,0,° 28 2.85 25.8 2.97 62.9
4.Enzyme/ H,0," 30 2.86 19.4 2.09 63.0
5.Enzyme/ H,0,° * 2.72 13.6 1.67 64.0
6.Enzyme/H ;0 ,;Enzyme” 34 2.87 15.7 2.45 60.2
(a) Raw knitted yarn

(b) 1%t step 37C, 18hr. 2~ and 3% step 50°C, 8hr

(c) HoOz 2.8%wiv, 1st step 37C, 8hr. 2 step 50T, 8hr.
(d) H202: 4.2%wlv. 1= step 37C, 8hr. 2 step 50C, 8hr.
(e) Hz0z: 5.6%wiv. 12 step 37C, 8hr. 27 step 50T, 8hr.
(f) process (c) and then process (b)

* measurement impossible due to fiber-breakdown
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Effect of the time on the enzyme-treatment of mild chlorinated yarn for knit

Sample No. & Name Felt ball DRY WET
(mm®) Strength  Elongation(%) Strength(N) Elongation(%)
(N)
7.mild chlorinated origin® 29 2.69 15.9 3.21 49.6
8.mild chlorinated,Enzyme® 38 3.08 7.8 2.59 46.0
9.mild chlorinated,Enzyme” 39 2.87 8.1 2.88 49.0
(g) Untreated by Enzyme.
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HORMBEEL, 28%BETCILEEIETETTS
LoD, BEMBEIZIZLALEL LW, LAEL,
HeO2iRBED W 2B & 82, BE DICHERETLT
Wwa, —%, BMEIEBITRE S ICEEMIcHmL
Twh, TDLSICEE/H 020 0HTiX, BRI
FREPKELRDIZHECVEBEATICOIERAGB X
U, BB TSX9TH5.

RiZ, BE/HO:RUBTCOBENEREE»DS
fob, H02iRBE2.8% MEAE # & 5 IZBEFE AT
TEELE {To. ZOHEREY TV No 6L L

(h) Treated by Enzyme at 37°C for 27hr.
(i) Treated by Enzyme at 37°C for 55hr.
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Removal of Various Gas Adsorbed by Zeolite

Fits

> Sebastian Diaz de la Torre**

Suguru Inamura
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Kei Miyamoto
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Jiro Kawasaki
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Yoshito Nishikawa Hiroki Miyamoto

Hiroyuki Satake  Taizo Kato

(20034F 7 H15H %#)

Optimal zeolite for absorption of various gases was estimated by computer simulation as
a first step for designing a filter device using a zeolite honeycomb. The zeolite honeycomb
reinforced with carbon fiber was produced successfully by the extrusion casting method. The
character of small pressure loss and large effective surface area was obtained by this zeolite
honeycomb. With these computer simulation results, we tried to remove water, an organic
solvent, a toxic substance, etc. using the zeolite honeycomb. Highly efficient water and p-
xylene removal were obtained by 4A and FAU-type zeolite honeycomb, respectively.
Computer simulation indicated that FAU-type zeolite provides a high removal efficiency for
dioxin. The model molecule of dioxin was efficiently removed by a FAU-type zeolite honeycomb.

F—0O—K:ULSAh, BE, N\ZHL, AYE1—-9YTalb-vay, FI4FYY

1. &UsHIC

Y474 Mo, B, 14 R, 20
fEds BN b OV S L, BA&EH), Bk,
SR, SRS TYWS, EFF (4 MI=X
TCH IS L7470 (0.3~1.3nm) 2o - HEiE % I
h, MILELTOSFERETARER L LTEHT
o, HEaMEL, ZHEEHD L) H (Si02) 0FEX
FRMEIC, TIV3IF (Al203) 2 —EE &b o 724
ETHY, SHPABHCBIRLIZEICEIZRREE
RO A A+~ (Na, Ca, 2E)DFEICLDHED.
ZOMEA AV OBEU L > TEA T 1 FOBWEIIEIL

* MEERR ERFEM V-7

*ok Advanced Materials Research Center
(Mexico)

wxx  HEPHE 7740 €53I9 AN,
Boa— . -xa. <2577 VHEREH

*xxx RS HT7 ¥

seekx RREHBRBE LI Iv 7 RV —F

5. F72, Si/ALEICE o TOHEIIKRELSED S,
—fE12, SiI/ALHAYNE L TV I FEAHEEBK
HERL, REVWEBKEEZRTY. 0L €S
SAMIZHOMEEFoI-bONFEL, EFHEM
ICdoTEIREN A,

¥AT4 i, BEILSCHBDIZBUDEDT,
BHEDH AL BBIIRETHELTAPEFERICED
BETHICE, HTVICOHENEY. T0L) %
4, a2 — Y TCHADOEETCIIaL—YarE
T, BREENDOEVEL T M F2BIRL TEREAT
ITEizky, AROBFRIARNS.

YA 54 MIEBHAOWFRIEIE, —RKICFEAK
DYDEHTLTKHLTHASNSED, FADEH
ERAKE CENREIERY, SHICEREAED
BERIZ L AL REAHIEE RS, ¥4 T4 b EN
ZH ARIC—BRETENT I NS OB SRR
b, YEERTIE, REBEZRINL TEHMT S
¥A o4 M= h AREERERRELAD.

AMETIE, ¥A4AT1 VM ORFESEELFIRL -1
HAOGERFE* Iy Pa—y3al—Yavitk



88

DIRET L7, ZOEEZEI, BAEEIBVEHEE
ENBEFTAPERHCTNS AL EERLT, T
ERETok. B, AHFEPHOSA+F 2 VIZBL
THRET LA, ChooER+HETA.

2. A¥a—4%9v=ab—vav

YA T4 ML BEMEHT ADRFBREICBTHY
Frav¥€a—4%v3ial—varyyAFAl, 7—7
A5 —7% 3k LTSilicon graphicstt® Indigo2,
Y7 b 27 & LT Molecular simurations $t: (3
Accelrystt) @ Cerius2 Th 5. BHREHDE WL+
FAMEBEETHICNE, €451 0ESMEB LU
YA 77 F % /1% “Universal Force Field 1.0 3 %
AVWTERIL, Cerius2®EY 22— 7 b “Sorption”
YRV THREFFOEFVEZSFHALEICLIVA
S ¢ TRETL 7.

ERH YA T4 bO—Fl, SA(LTAY 1 7) Ok
EEMLIRT. ¥4 54 boBiligr AR+
570, RFFALOEEEMTRLL. &ffodhiic
sodalite HixEASHFAE L, ABHIC 8 D cavity B FFET
b5, COHERBIH L THADTATEHF I2LL—

(| )
Q .& -
o) &4 O D
DB A ~
sa?l{ A
i ’ F @ : l
Z5%) v ONE |
XDQ X A
/T T
Al Si o
b

1 €474 5ADBAMKT (FLONLE IS sodalite
BEMVHFEL, LT, £A, fikicoeah, 4o
DB ED cavity L2 ), FOEREIIGFHFE
AT 5.)

The unit cell of zeolite-5A. (Composed of 8
cavities and 8 sodalite cages. One full sodalite is
at the center of the framework.)

a Y EfTohY, BROBEENIFE,oDIIKkT
Hotz, KA+ ThHsCakfthd Mg, Zn, Fe,
Ti, Co, Cu, Na, LiZED A+ IZBRLBEIZD
W, REEFALT7 Y E=TDHE%0.1~400kPa
TESETHE Y I2b—vardiToliER®s
2137, (a) TiE, €474 POBMETFHL IR
ETHREBAAOTFHREME L TRERD ZEL
2. Cazfhd 4 4 TEBIRLHE, CalllkBL T
WITNRDGE S WHE S T AL TRAERE A L
L ERLTVWS, HFICLiOBARLESVRER
FRLE. B20M)ICIETYEZTHRAZDOVWTOE
RERT. BRAA COREFRDOBEMAIETFTRE T
IV 348, BIEITREES R L AT, ) Ling

Adsorbed Molecules / Cell of Zeokite-5A

o J CO, ISOTHERM (273K)

PR TSN SN N SN S S S S

O .60 100 160 200 280 300 350 400
Pressure (kPa)

Adsorbed Molecules / Cell of Zeolite-5A

NH; ISOTHERM (273K)

es i L A 1 e 'l " 'l i s A a 1 2
© 80 100 150 200 260 300 350 400

Pressure (kPa)

B2 454 5ADCa2t 1A 2o+
BelL7-2LI2& % (a)CO2, (b) NH3D% iR AIFE
(a) CO2 and (b) NH3 adsorption isotherms,
simulated on the zeolite-5A, whose Ca2* cations
were replaced by several cations.






90

2, 1m/sec DFETHESEKIE, 10mmAq & &
PhEEkhoTwns,

DL C—FEEEFFA PN h ok, EHE
RHAS L, EHHRAMIK E S BHRT, WAK
AEELICC Y, I EFEoO T, ht
AWM ADRE R EBRICL YRFT L.

(2) KOmE

Bk, BOKEDOE¥A T A MicowT, ZEHDK
SGOBREREDERE L. KFEGALEKAZELS
AMNZHMZEBAL, NoHh LABBROKSTREE
FEBEE, BILHJESCRHMLA. EREESV %
13000/hi2BWT, 3HEDOEF T 1 b TKREOEH
DUEEIToHEREH6IZRT. AXANLT MM
FAUS A 72 E®FEL, N4 ¥ —73000138 >
AHDZISM-5%2EHAETHEFSA M THAH, B
HITZRFHNED TH S DOBRTH 5795, WTho
EAI4 POBED, WNEDTHOBANTAN 2
L, ZRPOKGHBERESINT, ZRIEELT
W ZEERLTWAS, BEKGESEML TS L
BAERERNDVET LD, BRAFLATS. ZLTo0
WCIRRAERENHEL, BAZROBELASLLS.
NA Y —T73000 TR 10 ET, AANT A FTiE20
SERET, WEEDZIZHEL, BHTLILEFR
LTwab, SHICH L T4A T, 405%TLHESED
K<, BEREADETHROATHARN,

F7:, BREBHBETOEL T M M h AICKT
LPHREKDOERIEAET DL, 4A, AANVT A},
NAY—73000C, FhZ&h, 144, 45, 14%Td
o7z, BIFEEH L REKBTROLBD S, 4A, A AN
FA L, N4 Y —T73000DMEICBAMEIMKTI B L
B, YUHSTNIFIIZ, 4A, AANLTA b,
NA =7 3000DIEIE 2 HDT, ThIHEST
BESHESBET LT, BESFIINT 2 HEERAN

SV=13000
i

Dew point (C)
L .l\, IH
o T c T

w
(=}

-40

Time (min)

H6 HBEFTAMIBITEERDDKFTORE
(@: N4 —73000, O: AANTFA b, A:4A)
Adsorption curve of water in some zeolites.

§5<%Y, BUKBMBHE® M 25D bw)FBEEH
5. AADBAXKMEOE S EFIA LT, YWF%H <M
RENTEATA INZh AR HAAA PGSR 2
SERBABRRAT A 7 510X o TRRICER{LS T
wa,

(3) BRUBFHRARNORE
WREMABEFOREORETICIE, KRAICHERNTS
#ILew (VOC) 2 —ERIBE LT A EELXF A/ b
NZALIZHEAL, BBBEOFT ARE, BEtHEL
P p-FVLVICHLTIE, Iv¥a—4s3al—
a ildy, FAUY A TOEFT A P BFREND
HEWBONLDT, FAUYA 7OEFF A b2 ERK
FEFTHBRAANTIA M EHVTEREITo7:. KER
FEAEKAID-F L 21600ppmiBa S/
AT EAANTA NOBRFFEER 7 IRT.
IS ERBLED O ORARRE, ThiCH LT, Eodt
Widp-* L ViRE (AF0), AoftiiEs (K
@) ZRY. EMMBESY #6700/h TiF-724%, %
FIIRGER LY 139BBFTCII—40CTEW I BESZ
RL, AANTAIPHKREREIZEAERERELT
WABILERLTWVAS, p-F YLV ISBIARELD 35
S8 F T1600ppm F ZIZETRFREL TS, &
BI3FHH35SHRBORS T, KERET HF L
RBTRECE WD, ARWERETHHLT LR
MHh, BRETELKEICHLEEL OIS, ZEM#®
BE%20000/hF TARE LTOREMBEEMAMEL 257
UCTREREIEDLDLLRD o7, BAREEF S A MA
THEMDOEREZIT) &, HREMOTREEIIAER
DHEEICL>THEERLZ LV EREPEBLATY
5. 2T, AANTA DL HIZBABEDHNY F
74 FTRKBERDFEEDHFEII»PDLOTERMH
OEAEREHDTEETH B L) HT, EHEIF.

200 . — SV 10 o
g pot
S ] §
& 110 5
£ 1000 lo0 8
e 130®
140

40
Time (min)

B7 p-FYLyBIUKIIHTLEAANT A N

= L OB A

Adsorption curve of p-xylene and water in

smellrite honeycomb.

60






92

@) EFASAMZALRED T FTFIVORERE
D%

A a—FIal—Ta illkbty4+xy
vi, FAUY A 7DEF T A MIBREFE ST WL
VIERMEORE, ThEERICL> THE, DS,
RL, 44X Y 3FEROBEVHETHAHDT,
RN A ORI LR - ENEOERRME
A2 BEND D, YHEFTE, RRREOLD,
FFBEISEMUL TV 5D, HHEOBEVWETFVHEE
J:: [AVAR

T4+ %2 Y OEEN LG FREED—FIZE I TR
T. RVEVR2EH2HEOBELALTHAL, N
YEVRIZEEFREFN 2EERIEE LS FHET
5, WEEEEHR, NUEUVBEEREECEOEY
o, EFMPEHELTRIRLZDDIZ, RVEVR
WZIEEE 2EBop-YruuNyEY, XUEVE2
BABOEIF 7Ly, TRICEEIBAFEELE
1-70u+7%1L > Tha.

KEIZI NS0 VOC (EREARILEY) *REL
-—FBEOHT A2 EFTA PN H LITEB S,
EHROTARE, Bazillo/. FAUY 4 70EF
FSAMVRERBPETHEAANTA DN A LRV
T, 1-200+7% L %10ppmD@ETCHAL,
—EREITLICHORELHE L HRERI0ICR
$. SV=10000i2T, 40007247z - THRE 0 5%k
&, 9% EHEBRELTVAILEERLTWVAS,
Bag, —10260CREETEHLTVENE, K
Bcb o THE LI, NEADRE, BEM
L, ZOHBEEZIT/IOTHS.

F+75Ly, p-TYruounRyEUICELTOREEC
BRENBRBE Do DS, F44XT 0 OBRER
FIZBWTRAANVTIA MNIFETHAHEERZONS,

Ul

5. 8DHOIC

Y454 FEEHIS VDT, ERRLHEMHOK
EANDICHIZBWTRERZENOFNEL T/ %
WETAHDIL, Iy Ea—s2FBTEIEEZRA.
¥4 T4 FOFMOZRMEDIC, EREFTFOET
VEGFEHHEECL)VABEEH S LI IV -Y
av ik DmAEREDEHRE L. FETHLEATA
FERAWTNZ A LEERL, BREEREToL. £
AI4 bn=h ok, SEFRFT TR L RFEMMET
AL L TR T AHMIC L DIERL, RO D
LY ENETENREOL L VEBERT. KIZ4A
A5, p-F Y L VIZFAU 7 4 7HBEFRED LW
3y 3al—varDEEVBON, NZHALICLBE

O 1-chloronaphthalene (ppm)

01000 2000 3000 4000 5000
Time (min)
K10 AANSGAINZHLIZEB1-700FT5 L
> DM
Adsorption curve of 1-chloronaphthalene in
smellrite honeycomb.

BTOLRENROHSIIHETEL. ¥4 4+F P21
MLT, FAUY M 7DEF T4 M BBREDEIE
WwkWwH T Ial—TaryFEIFEoN, Y1+ X Y
DEFNVYHRERCRAEERICL VHERL.

A2y TFRTHEIEICEY, BETRADK
FRIZAEI L EL T A PEHRACERL, 61Nz
HLELTHRL CBRETIENTNEEL Lo/, BER
HARHEN A LILFHICEF T4 = h AHPE
L (A= (- Rl = (W

B

YF T4 bNZh AORFERICET 5 FRI2ERE
SEHBIZEICSHE S W EBREOEBREHEE, Wit
BPLEHRKEHOWERR, SHAK, 42577
JBREHDOERETK, 707 v 7 HRAEHOEHH
HHEK, RRAEHBEREKL V=7 Y VY ORBE
HRICHELERT.

SE

1) PNEHEFE, NBREH: ¥4 F0OREETE,
102, @ittt (2000)

2) 458 262746675, 3192718%

3) A. K. Rappe, C. J. Casewit, K. S. Colwell, W. A.
Goddard II, W. M. Skiff : J. Am. Chem. Soc.
114, 10024 (1992)

4) S. D. De la Torre, H. Miyamoto, H. Satake ].
Kawasaki : J. Jpn. Soc. Powder Powder Metall,
44, 381 (1997)

5) W. M. Meier : Atlas of Zeorite Structure types,
Structure Commission of the International
Zeolite Association (1992)



KERAF LB REHRE SRR RE  No. 17, 2003

93

T vFvTIA av e /NS ORRE

Development of Miniature Control System
Using One-Chip Microcomputer

N #&sh* A0 EE*
Takahiro Kitagawa Masashi Taniguchi

(2003% 7 A158 %)

Though automation of instruments is advancing in many fields, conventional control

systems do not meet size and the function requirements. Therefore new control systems are

required. It is increasingly clear that complicated calculations are necessary for control

methods. In such circumstances, a one-chip type microcomputer can serve that purpose.
This study presents a miniature control system using a one-chip microcomputer. The
authors examine the control method that uses the output value of the controller as a feedback
factor to the controller to add to the PID control.
For the miniature control system, experimental results with a device that makes use of
the one-chip microcomputer confirmed that this one-chip microcomputer is sufficient for

practical use.

Regarding investigation of the control method, the authors obtained a sufficient result
through simulation, but the authors did not obtain a sufficient result through experimentation

because of problems with the experimental device.
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