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ENORELHTHDOEBN B CTHETELERICEVTO—MBATWSELE &
E—=VJRAVMIBWTEHEL., B TOAEERE LT,

INILAIRILF— 50mlJ, 75mJ, 100mJ
av b 20E
HEEARE : Imm

o— FE : 30um

SRR NS N A B 3 R
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BHt/\g—> . LR/ \a—

COEHIZEY ., BEBIEADTICEITE/NULRAIRIILF—DEEL, O— MEhHIC
BIFDINNWRAIRILF—OEEICTOVNTEHE - REFE1TH o=, T BFELELTRI
ANKEOHBAICOVWTELRECHSMZREL =,

HEXF (X Fig4-14)ITRTBY &4 b, F2ERBOAETHRL—YE—=2T%
Thot=#®%. E—=— 2V J&EEINFDIIRE LI I7A Ay B3 —TU L=, 1=,
AEERTIIHRAT 100um F TERREZITHR o1,

REBRAEMAET IR KRALEENFICRET S EGNERICEIERNES
518, BREZXICEY COERBBR)ZRAET S5 &ETHRBIENERD HDN—HRE
THH . RAHLSDREVWE—=VJETIE. ZOMMIKL S RIEICRET H—1%.
BRUEOERIHELVEFEEINS, Z0H. KRR TIE sin'y ZEE—=VJEO
BEAESAAEICECAVLNATWEIA Y FIEERRA Lz, 74 2 R 2R EIFEBRA
READ—HEZTZEBREL. BEOHRICEYREBOEREZHLT S5 LT, REHD
X REPREERNE LERBENERET E2HETHD. AARTIEVDA Y RIoH (1 X%
RET DI, FHEERELTI4 Y FoH A4 XA 2mm3mm4mm BHED 3 FHIZD
WTHTULN, B L1z, Figd-15~Figd-17 [FZFANKBOREBERICOVTy A | X
WA 30kV LU 20mA, T=F A —4 —EEEEA 1°/min, FA/N—DT VAR
kM 1°, LY—EVTRY Y AN 03°, AFv YRRy b 1°POR Y v TR
St X REHGEEHRE TS, CHoDREY 2mm LY 3mm MADIA > KoY
A XTIHAE/ A X L THABREIGEEAFGLON TGN EADD o=, —A.
4mm OFEHTIFE—VADREIC+H%E X REHAREN GOSNz, KAEEBTIEDA Y
FoH 4 X% 4xdmm & L. ThUNDOEREHET— T TELT R Y LTz(Figd-14(b)
SW), BH. V4V FIBEHBRARELAD 1.3%HHT 5, BIET 2H%BIE
NEDAD RIBOESEEL D,

SRR RER LU EFR
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4-4 RIEARE

ERBICHDEFRMGEHFIRIILUTORAY THD.

I AR L THRAREISEDAHED X REEFEOMEAEHE E:EIRT 5,

2. Agt - ZHRX) v FOER,

3. BHO X RAFAE (Figd-3 [THT5D v) ZIERFEEL. ERICEBELEVEINR
RERREAIET D,

4. &y AICEIFHERA 26, FEEEETREL.ZROD siny IHLTTAY b
L sin’y $REZ 16T B,

5.sin'y SR EEMEHEE L. sin'y ZEBIETE 0T 5,

6. sin’y ZDEIETE BBA. sin'y REZEREIIRL. TOAEERD S,

7. KAO)ZRAWVTsin'y HEEDH SN LHRELE=AEM EEHEHRK NSRBI N

oy &R B(Fig4-9 ),

ETRERRE Y E—VME 20 ZREY A EFTHMEE, Bk, BRIELIE
BE, WODNDHFZEDH D, BAMHERRETEIFMRESHREIATNE I &N
SAMRTEHFEBEEZERT 5,

Fig4-18 [CHMMBXICL D E—VNEBREDMEHETT, NV ITSUFACEE
LEIWREHRA S, PBOFNDE S ELDHUDOFHER QR 3R, ZOFMA M
[CEITHEFA X ZE—INBEEL LTRHWAFETH D, £z, Xp & X, DIEESE
flimg (FEFIE) &0, EFEEOBROLENY OEZICHANS,

ARRTIHECOFXRICNA . ERPEBEEECHERAT I LICIYRBRREZREL
REBIZHMSNIFZBIENEFRT S, —EDREEIT S~10um ZH T, BEGHN
EMREMLEIRICER L 5 F T X RBHEERMEEZRYELT,

SEKERNFEE LU R
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4-5 EfRUTE

EROEZBICHIE X REFEEIZEI>TRHET A ENTESLN. COFETIENM
MENTWVWSEBEADSKKRAEBICHMLEERBEALMAET S ENTELL,
SBRABICHMTEBBEALAET AL AELEVRE LY L REAICHLLE
ERELBTNIEVDTEL, LML, —BRMICTEHON S UEIIN T SHEM T #FAT
H5EXTOMIICKYBRLLEBICANEMEN, EELGEBECHOFMIEEL G5,
FIT MIBICHLRE LGVERFELXZAALEENCEEREERETSIL
[C&Y. ERABRBGADAENTREL 5D, AMRTIE X RENEEIZKL KB
BAEIE & ERWEL. BEEANEHE, S3IRICELZETRYEL,

4-5-1 EEMMEZEE

EMHBICIEEOEELFERALI-. ERMEZEOBKRZE Figd-19 (2. £2KE
% Fig4-20 ISRY . ERT S ERIFEREREIEEE (CEC #E.TYPE 505BN) TH 5,
AERIEL 0~40V, 0~3A ZEEBEMICHELTHATEIENTED, BERICIE 1255
DB /N—RRAEFERA LTz,

ARBRCTIERAEREZRESE S 4(TEEE (ASONE #8:TM-2) ZFER L 1=,
FEREFERBHEARZRAL ERENEERS5~0CETCHDREETEET S L&
NTED, COEREZEFERATICLICLYERBBEE—FITRD, HIKBES (AS
ONE ##) ##A L CERMEBETIIERRBEEE=4 L1,

EMHED LB (AS ONE #HE.CP2) LMABOEBBIORSEFEALTEICE
RBRTEE L, AERTORSOMERFRATULARTH S,

F-BRMEDERSE L TERKREERT 58, BKD 1 VBITEFH (SHIMADZA
#8:UX2200H) Z#ERLCH=EL. BREEERLELY,

KRR LR



4-5-2 EfEHESR

EMRAETCHEAT AEHEKIL 9.09mass% D > 1 IEEKAE. 1500cc Z{FRT 5, &Y
7K 1500cc [ZHEK S 2 "I EE[(COOH),]150g #MA TABIE D, TDERFIBIEIRDEY
TH5,

CRBKTHRELEEL TE W -EREAHE. 1000cc E—H—, 200cc E—H—F
SLE#ET %,

2.1000cc E—H—T 1300cc " DHRBKEZEY ERBE~NIZRAT S,

3. BFFIZ 200cc E—Hh—%EE. BREANEOREHEELI-#. ®BKkam
B 150g 28 Y &£ B,

4. FHEI L=k 1 9BE 150g #BRIANEAT B,

5. KL A DEEEEAIL 1z 200cc E—H—ITEBK 100cc #-AL. E—H—RIC
BoT-BK AVEEEBNL., EDKEBERRE~NEAT S,

6.5 LRILFIETLI—ERYBRL., B 1VBOBRERPRITHEST,

7. BRREEHON LD WCIZHRELTEVERE~AANS,

CBEEEEY L. S00rpm THEKS 2 VENEITE S ETERT S,

o

s, K 2 I BIZERMR N BIIEERRLO THREA EMY RVISE SR E
R4 5. BAREMERE SRR L. BRFESOKRLNRET 50 CRRRIRS 5
BRUE. #AHTEEL THEORKISEHISEH T,

SHEKERNFR LV ER
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453 BRVBEFGHIUVERHEFIR

AR TERSARITH Spum KA TRE L0, —E&HF=Y OBEED Sum BRI

BAHEIIT, ROFUHTERMEET o=,

EilR - 1A
BREE - - - 62.5mA/mm’
BE s e2V

EABMEER - - - Imm
BREKRRE - - -40°C
B TOXRSEERH + = +300rpm
WERRE - - - 105

UTICRBRFIEZREY .

1.4-52 [CEE @Y ICERRZER LIERET 40CITREFT 5, LR, BEEITEIC

9.

WCERIFTHLIICHRELTHL,

B IORSZEHOERNITET

CEEBOMEICHBRAZRET 5. TOR. BEMBEABRRATIEVELS IR

%,
BRELERBANTNEWESICHECEEBEERRE~N LD D,

BB TORSEBEEAt Y FLIBRERKRT S,

BESFEEY ML, BREEN 40CTRET HETHD,

EMMEREON | AAICERERELEBENEREAN TS,
EREREREBECLYEBRICER 2N TERABELHLT 5. FTOK. £8
CERE - EREEZEREFHOEICAET S,
ERMERTRRECERERREEBNEREELT.

10. £y FLEBREFDOFIET, BES. BEHEN L. EEEERRELYRY S

ER

SR KRR B LA R
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11. ABRAZBIEEL YERYH LKEKTESRT 5. TORICRBRAICARY fF1H-< X
IFIBNGENESITREMITTESRET D,
WREREICIERSA bAoA A—=32—(ZY FI&E CPMIS2)ZFEHALYA VR
DEDT 4 v TIVREERITTCHEEEPLEFRL. ZOFHEEREEL L.

4-6 X #R[EIHT

4-6-1 fFRTEHE

F—RTHA FREKMFHCEL T, BAMHERELETE CrKp HiE X RIZLD
311 B DFAMNHE SN THD T, ARRICEVLWTHERAL, COBOETAK
20,=148.5°, X $RBUSEME(RER E/ (1+v ) =149GPa, G HTEH K=-366MPa/ deg. T#H %

X #RHE A& 30kV, 20mA TEALz, I=F A —42 —DREEREE(L 20 A% 1°/ min T
Hb, OH—DEBERELVDIFAEES/IILAN 20V, X #IEEA 10V THERAL.

HERTHIRY Y MEFANR=D VRR Yy MV LY—E VTR bAY0.3°,
AX v Ry A 1POR Yy FEERL, F-KBREFRT 2BIZNFOILD
1 ILE—IEERAL TLVELY,

BAMHERZETIE. BREOBEIMEE M £RDBAI(C sin®y (X 0~0.6 DEFE T
BRI S MUEREST A LE2HBEL TV D AMETIHRAEDREEZ (v L 0°, 10°,
20°,30°,40°,50°0 6 matBIL. BREBIGHZEHELT-,

SRR KRR LSRR
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4-6-2 X #REIREEIZEL DBEFIE

UTOFIRTREZITo 1=

I X REREBDA A VEREANDHIC, HEKAOKEDEO Z@E L (2R,
BEKBRARTORAS vy FAND,

2. XBOLr v E—HDEAL TSI LEZHR LTI LEBD A VEREAND,
ELCREAKMNBEIRLTWEWKRETAS VEBREANDETS—LHNES, 7
F—LMNBOBRICIEXELIZAS VEBREEELEL. BRARVITEF VI T 5,
AA—ICUSBAEVZEL. BEREAND, EBREENERLAN, X2— R
2UEHLTES

3.XMREBODBESLUXBIOr v A—DHAL TS LZHEELTHLERE
tHOEZRTHBRAZEY 5, BBRAZEHEOR—X(CHEHFETHL
AABEET DE. TRV ZLTUVWEWNAERICEL K X EA/BHF G, 20
=& Fig4-21 [CRTABZHERAT S, ABRAZAEICER, AENHEHNEDA—
RICH-B2FTHLAAY ) v ITEEYT 5(Figs-22 BR), BB DOFEELNE
WABEEFI VI L. BLOTWAHEEV Y vy THETRESZA DTS,

4. BEOERBRYIZKY y AZEEOAEIZELYE. LBOEEZTICET,

5. BIXRHN—FFHD BB XD /A—IZIERAFAE > —H DU TH Y .FS RELESE
REVERESTIZ, AIN—DRHACOERET 5L X BELELEBOERNEL LD
TIEET %,

6. X BREEZFEDOHNRABOEANEBE - EREBICR/MEIZE>TWND I L 48
BLThD, X BRRELREDEREAND, ERMELYRLICHAELTF, &4
DEIZEY FT 5,

7. BANEHETRE LIS FSRELEASE R2 V&L B X &HhN\—ZRI+d=
FA—F—ZRERIEAE)Z 152°& YD LEITEY FT 5,

SR KRR LN R
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Z0#%. £BY TRERESE, RECHEERICH X EH N \—ZFAH 5,

8. AH—DUERZEIED B,

9. X\ v v i —%1, 2OIRETHIT. XIREHBRAICEHT 5,

10 AAF—ICTRYD/NILAEHERL., TOROIZAA—F—DRAED 152°TH
5 LEHERT D,

11X fREENRRICERT D, TDE. THYIKRO., RMEREEICGYEILE
5XIrvia—%2,1 QIEETHD. AA—DIRBEEEFELT 5,
COF. XIREEATH->TET <SS L., FEREERAORICHENH G LA
NHEIZDTREFTDH, KBXTIFEREL T, 144° BEFTT WMo 1=,

R.XBELELBEOHNZRNETH 2K YFEL. XBRERDEREELT ., =
D&, ALHBRATHO y DIEDT—2 ZWMABEIFFIRI &Y., HEBRFEXH
THREFIR2 FYVBYIRYT, TOR. £ 5—E X REEFENDERLS LU X
Morv v B—DHLOMTVWAEEZHET S RAEERT T HIRE X RREEEE
ZIFLELER HBRAZRYLET. CORERRHDBIZT 72 —T 4 FILHik
BILROTERRY 15 DEAA VBREAHKBRAR L TOBREZELSTIC

AEKEBRSE D, 6. OH—DERET CIZEELTRL, 7I74—74
FILig, A4 VERZ%EE LAEKERAR TOEREE LS LI-#&., AEKA
DA ZEADHTRT L5 D,

CHOERRIFT X RZEEATHA1C. HELLVESITHODIENVETH D, AR
FERYHIERDO X REEREBIR of DHEL L, SEER LR L LVELSICLEHR
ERARICHEAGBITNIELE G, =, BEVG BN TOALERICLLEANS
WRERITLH, RBREOREZTL-O. MEEZERICEELLG TEIHELHL, K
RXTIHRERAD Y FEEVNVEREDRE. EEETS,

SR PPN
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4-7-1 — MM

B —YYE—= UV EBREZEOHNI-L— FDBEZ% Figd-23 ~, O— FOHITLE
FIE LTS5 7% Figd-24 ~RY, Th&l, 75m] FTRIFEAEL— FOBENITE
gEhgh o=, LAL. 100m] TIEBENFLOBITEEL 600 EF 41 EL DA
ERINhtfz, B3BETERLIESRVRBETH-ICLEHLT. CORBREL
EOEEL—H RV ABHEBEENRBICE S GoHIC BYDL—HF/ULRIZED
R ENEBRTELUL LGSO EEEZ NS FHL—E—=2UMIICHE T
U— MZRARWEBEAE . RBRAICL—Y/ULAABH I T LEVARREOR®RL—Y
E—Z 0 %7605 ENTEGL LS, O— MEBEOEHIZ/ LRI RLE—H—
FREITTHGCRBFNI—VDEELREC FHLVEBHRANNI—UNRSNLHEES —
MIROBEAMNGEWVWELWMERL—FE—Z VN TESIMRIEERIEL ST, SHDE
RBERDAREREVIAL—2aVIlEdBHL—YE—=20 22 L— 3y
FEDRICEVWTERICHEIT HAIICHOMNCOHFREILITONDIDO TRELAHFS
NTWWD, RERTRHAEEKREIND D — FMIROBALz 100m] OFREERICDLNT

LRBICHDTMDAEETED. TOEEITOVTHRE LT,

4-7-2 HABRARTANKEDORBRIL hHH

Fig4-25 B DB HANRKEOREHAOBBE NS ERT, BEAETIXIIE
AEOBHRGANHE SNz, CHIERBEATEC L YESITINS 03I RBES
NBBE-TWBEOEEEZ NS, T0%. ERBEGAICEL, SSun OREET
#3-30~20MPa £ TOHRBIENWMAE STz, 4-73 HTIX, RAICHBI TR SN1-3I3E
BECHERKL—FE—Z VP EUREBEEANE LERAE . ZOBO/ LRI

SR KRR LEUEE R
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ILF—DELIZDOVTHRE LT,

4-73 ISILAIRILE—DEE

Fig.4-26~Fig.4-28 IZ/S)LRA T RILF—50~100m] IZE+ 5% L—FE—=VFE
BEORIAMDKBLE AN ERT . Figd-26 BELU Figd-27 &K UYREIZERDEZR
SHERET A ETE, S0m) TIEERS 40um ETHMTEHRREMRZEZ S HIETH
-90MPa, 75mJ TILEE 80um A DFEIITHI-UMMTERREBERZIS HITH
-130MPa E WS #ERE B, Ch&Y, NMLRIRNF—IBEFHRNTIE/ LRI R
ILE—ZEOTE, LYRNMMIE CEBRBENEEZADHILENTE, KYXKEVE
BRBICHZEMMTES I EAAM o1,

Ff=. 50mJ TIE 4um FFE(Z, 75m] Tl 7um fhHE TEMBEZZ S HOEH B LT
BRAVEBHZZENOMA D, ISILAIRILF—50m) OBBEHAHTIIRAE
T CIEHEZB IS NH-90MPa #RL. TOEZKES 4um TH-35MPa FTEAD L=, #
DHBETZSMIZEEDIEEMHEARICEM L 36um TRAIETH 5-91.4MPa 528k L.
RS 45um TEBRERPEIGAIZERLfz, /MILRIRIILF—T75m] DBRBHEASHTEER
HET CTEMZBELN$-110MPa ZRL. ZTOERFEH 7um TH-23MPa FTHEA L
Tzo TORGEZOMNIFHRBRAHEMUERSH 44um THRAMED-125MPa 15 1-,

—A. D FMEEABEETH /LA IRILF—100m] ORBIEADHIZENT
LEFEDOERZRL, 2 2OE—V %G, LML, 1 2HL22HDDE—VDETH
RS oum DEFRTEMRBKRBICH L (EE ST ZBEHIFL0MPa £ o1, ZTAN
MTIOMMERFEIREBIENTH =D FHL—VE—= 2Tk > TERERE
NEEZ. BLOBREFIRONINENT L. EREBSHZRNT 2BETELE, -
-2 &Il oT=,

1 DHDE—V (FFEEH 6pum DR S TH-60MPa.2 DHDE—7 [LFEE# 37um TR
KiE-168MPa 745l RE 55um TR CEBERBCHERETERLI LMD o1z,

SR KRR LU R
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LALBEMRS /LRI RILF—S50m) B U 75mI DBRBIE AR ELET D&, /8L
AIRILF—DEMIZED2RREBEBRCHECEECANEH/THEIESH/NULR
IRILF—100m) TIERD T EEREL>fzo CNITHBRARBICEEL—H/ULAMN
Btan., ABRAREABH - BE LI EASMBIZKBIEHENNELE=H. E
ERBICHONBIL LI DEEZOND,

3-4-5TBTHER)& Y SomI DT 1 > FILES L 6.5um. 75mJ B E 8.4um. 100mJ
FFlE 9.8um EHERIS NG, COELEENTNDEZRBIE NS H CT—ETHBERZG DHELD
LEREMNFEFE-HLTEY  RKBHEFICEWVTT 4 > TIVEDMHETIIERRES
HOEAMBF+RTHLIZ ENG o1,

BBENDCEYTAVTINEERTHAFEM L I aLb—2a Itk dT a0 TILEE
DEBIENAFNBEOHRICLYBOATLEY, CTh&y, RAICBVLWVTT s>
IWHBERE T« V TILRIDEICE VD ERERZIS ADSMEN TN DA, To > FILHE
ETIEMBNBIEEEENS-OBRBIEANDELLBEZENS Mo, T Ta v
TILhDLEDRSAHRICEET 5 L. SBOEMREIGHH 2 BFF THRESA, ZORTIE
EEZBEANBL L TOEENDI o REBRICE T2 L—FE—Z20 5 Tl
T4 TILERA Imm EE—= VI BRENNSVEYETITE 2=, FDOEOHT1T
WE I DETERLERICEONIZREBIEASHERCIERZRL. KAEBRERIZH L
THLRESAMDEBIEADFICENTIODDE—Y 2B EHRMEN5,

SR KEREBR LR
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FTISE FAREFE IalL—P3y

5-1 BiRL—HYE—Z 71283503 aL—2 3 v 0&E

L—HE—Z T L—FDOE—LRE, /NLRIE, 414 VLB, TS5 XTm#s &
VTS5 XY EEBGE ERBOBERNANT VRTE-0FEIEHLETOERTHBY,
Tl /L —E— = JICB0TEHY— FESOBSI/E—V% FYEBRTAE
INFGA—EANBEZZOBEBEHFTFTEY . ZOBMEHEE - tHAANFLEAEREASH
TWEVDOAPRRTHEY, T CARECIHARERE S IaL—2a v YT MEE
RALE/RL—YE—= ) 32— a3 & ¥ T0 B L—FE—Z VU OBIZO—k
BEIUOMHRATEE TV IREZOHEH, BERKL—FE—ZVIEKUHDRE. $hE
DRWMVFRL—TE—ZV I FHOFRGREETLRL., REOH(RL—YE—Z VI E
BADTA—F Ny ZBL T REBNEMBREMOTYS U E LT EEBREE
ELTWLWS,

ZTOTAMXTIEZOMBEE LT BNHEICLIEFOHLIAASIaL— T
DEFTHED BERENST « VITILEBRO, ERICBRLAARBREZTHE EBOT 1 v
TILHAK - REREFOLE - R E1TH 1=,

522 AREFRZEZDRE

AMRZEFR L (Finite Element Method)& [FA Y E 1 —4 LIZTHBEOEE S I 2 L—
PAVTRARIEASNEFED—DOTHD. SHORMBARLSHTIX. COHRES
BEFRLEZYI b 7EERL, REEMRT. HRMEERIT. SE50RN. B
FAMRAT. BEMBT. EERAN. BHSSRFN. RABALCBLEVAHENYIaL—2 3
DETWDN, SETTEAN S LBELRIETREL LTS,

BREFZEIT I VIREDERAFERBIELIDTHD. T M v REDR

SO TN /NS S 8 R
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METDIBIC. HHELGHIEZEZ D, TOHIREE Figs52-1 [TRY, CHIEEAROD 2
REETINELTHILEIDRLIBMETH D, 2 RAOMADEEE NELYHET S
EFTERN, TPY VI REATRETYERE A v aIT&YREIT S, Figs-2-2124
BRICAY 272K ERT, TLT Yo Ay Lol LMK E 1 KT D0
HICHET D, TOIKEEZE Figs5-2-3 12T, CZTHLNE | KOBEOEEIZDU\T
FHRBXZFALTHGY EHICHRIETEIENTED, | KT ODHEOEHHHH
ftEnfzo, ChZETDEABOMEKICRELTHE, AUEZRAVS F<LHXEMC
ETYRLKROEHZMNEOIENTED, COLIBFEERVWTHET S HEE< MY
YO REEEVNERERETECOFEERAL THRDOEHNL S21L—YaVvE

ToTLBM,

5-3 ZEDERK

ARWRTIE ANSYS #8 FEM V7 h 27 T#H5. Workbench 2FRT 5, DY
7 b0 VISRIABERRT. RSN, BEMENT. ERMEN. SEMRK. £E
fRt . BHSESRIT. REABNETRLEVENEZTSENOTESIY I LYz 7THD. K
S TI& ANSYS Workbench @ ver.12.0 AL T %,

CDIITRITT7EHEAVA =LY B/N\— R TT7I(E PC/AT Bt T3H 5. Hewlett
Packard #t 8T —J X T—2 3 2 xw4600.2200 AT 5. TELFETE FTRICRT,

- xwd600 T—DO R TFT— 3>
&l&E A —H— : Hewlett Packard
HEFE - PC/AT E Mtk

ETILE : HP xw4600 Workstation Base Unit

OS : Windows XP x64 Edition Service Pack 2

SRR RFER LY UEER



BIOS : HP #1 A& 786 v01.13

M/B : HP #tR# 0AAOh

CPU : intel #3 Core 2 Duo O+ v ¥ (E8600 3.33GHz)
*AE!') : DDR2 *E!) ECC t4gEftE 8GB

G/B : NVIDIA 18  Quadro FX1700

GPU : NVIDIA ft8 G384

= 2200 J—DRT— 3V

&l A — 51— : Hewlett Packard

HFE : PC/AT H it

ETJL% : HP 2200 Workstation Base Unit

OS : Windows XP x64 Edition Service Pack 2
BIOS : HP #1 A& 786H3 v01.09

M/B : HP #t A& 0B40h

CPU : intel ¥ 8 i3 7O+ v¥ (540 3.07GHz)
AE1) : DDR2 * E!) ECC H#BEfTE 8GB
G/B : NVIDIA 18 Quadro FX380

GPU : NVIDIA #t#®  G96

- EZ=A : HP #t&! LP2065

SR KR LA R
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5-4 LAAHEER
5-4-1 HULAAEREES L UVHRA

FRERZELIAL—VaVEDHBOEOITRLAAREBRICOVTEHEERIZTR
o=, HEMIZIEL—HFE—Z U ERERERERIC SUS304 #EA L 1=, RERF % Fig.5-4
[Z5RT . #RIE 1.0mm ) SUS304 B4R % 40x50mm [ZHIHT LI LAAARERICER L=, 5
BL—HE—Z T LRAKRIC.HBRLEICHON LD — b EREY T TR LAHET
Hotlzo —FEEIE 10pm, ¥— b4 X(F 20x30mm. #EILHERF & B4k SUS304
ELtf, ABRRLEDOY— MY FFERICEZES Y X’a}ﬁt) EDLEIZO—RERUS
b, V- MI4DE®RZT—TTEESA, BHY LAIEED 5mm & L=,

FRT AW LAALEEZE Figs5 ITRT, BLAABAICIKMERY F(TAIYO #
HYDRAULIC UNIT -MAX 3.5MPa)I[C & Y REEL TS, L,:‘A#l:ffﬁﬁﬁ“élz_t%a)ﬁzﬁ
% Fig5-6 IZFRT, EFIEEHENT A VYEY FEITHMBRKIZHE> TS, EFIEHES
JUA—KYmUBOY RIZ7TETEATEEESN S, PHATEMIZEO—KEL
(KYOWA # LUX-A-500N)E KU CMOS 1 A —J v U HIREA XD LEAIEHKEYENCE
& GT2-HRKMMEZAToNTHE Y. MESLUVERIEOH—Y 7 k9  7(EDS400A
HEY I b PIKVRBALTH O TY U TEh5, Esteénhi—y 7 ORI
(FEADOHHEFKEYENCE #t# GT2-7IMCN)AREBE S, CAICLKYEEDE[MET
HERTOBEEELT ZHEMAACE> TS, FORER % Figs-7 [TRT, OH
—REANTFTOJESEED-HDT > FL ASAHIKEIKI #8 TZ-5XA-A3H., BRE
MHt#aZEIX OMRON & S82K-10024, Y1) w FAF— 'Y L—(SOLID STATE

RELAY)I& OMRON #1 8 G3B-205S A L 1=,
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Fig.1-1 Fundamental process of
laser peening during irradiation.
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Fig.1-2 Fundamental process of indirect laser
peening during irradiation.
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Fig.1-3 Outline of this study.
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Laser beam

Laser pulse oscillator | Nd:YAG laser
Wave length : 532nm
Maximum Pulse Energy : 1250mJ
Ave. Pulse duration : 6ns

Mirror

i Specimen

Collective lensl

Two-axis electrical table ; Water bath
Pump

Fig.2-1 Schematic diagram of
laser peening equipment.
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Fig.2-2 Photograph of laser peening equipment.
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Fig.2-4 Dimension of metal sheet.
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Table 2-1 Chemical compositions of SUS304 stainless steel.

(unit mass%0)

Type C Si Mn P S Ni Cr Fe
SUS304 ~0.04 0.50 0.92 0.033 0.004 8.13 18.08 Bal
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Fig.3-3 Relation between dimple diameter
and pulse energy at direct laser peening;
Substrate thickness : 1.0mm.
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Fig.3-4 Relation between dimple diameter
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 20um.
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and pulse energy at direct laser peening;
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Fig.3-10 Relation between dimple diameter
and pulse energy at indirect laser peening;
Substrate thickness : 0.3mm,
sheet thickness : 20um.
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Fig.3-11 Relation between dimple diameter
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Substrate thickness : 0.3mm,
sheet thickness : 40um.
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at direct laser peening;
Pluse energy : 200mJ.
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Fig.3-16 Relation between dimple diameter
and substrate thickness
at direct laser peening;
Pluse energy : 300mJ.
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Fig.3-17 Relation between dimple diameter
and substrate thickness
at indirect laser peening;
Pluse energy : 25mJ,
sheet thickness : 20um.
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Fig.3-18 Relation between dimple diameter
and substrate thickness
at indirect laser peening;

Pluse energy : 50mlJ,

sheet thickness : 20um.
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Fig.3-19 Relation between dimple diameter

and substrate thickness
at indirect laser peening;
Pluse energy : 25mJ,
sheet thickness : 20um.
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Fig.3-20 Relation between dimple diameter
and substrate thickness
at indirect laser peening;
Pluse energy : 200mJ,
sheet thickness : 20pum.
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Fig.3-21 Relation between dimple diameter

and substrate thickness
at indirect laser peening;
Pluse energy : 300mJ,
sheet thickness : 20um.
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Fig.3-22 Relation between dimple diameter
and substrate thickness
at indirect laser peening;
Pluse energy : 25mJ,
sheet thickness : 40um.
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Fig.3-23 Relation between dimple diameter

and substrate thickness
at indirect laser peening;
Pluse energy : 50mJ,
sheet thickness : 40um.
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Fig.3-24 Relation between dimple diameter

and substrate thickness

at indirect laser peening;
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Fig.3-25 Relation between dimple diameter

and substrate thickness
at indirect laser peening;
Pluse energy : 200mJ,
sheet thickness : 40um.
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Fig.3-26 Relation between dimple diameter

and substrate thickness
at indirect laser peening;
Pluse energy : 300mJ,
sheet thickness : 40pm.
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Fig.3-27 Relation between depth of dimple
and pulse energy at direct laser peening;
Substrate thickness : 1.0mm.
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Fig.3-28 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 20um.
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Fig.3-29 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 40um.
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Fig.3-30 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 1.0mm,
1 shot.
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Fig.3-31 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 1.0mm,
2 shots.
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Relation between depth of dimple

and sheet thickness at indirect laser peening;

Substrate thickness : 1.0mm,
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Fig.3-33 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 1.0mm,
4 shots.
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Fig.3-34 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 1mm,
5 shots.
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Fig.3-35 Relation between depth of dimple
and pulse energy at direct laser peening;
Substrate thickness : 0.6mm.
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Fig.3-36 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 0.6mm,
sheet thickness : 20um.
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Fig.3-37 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 0.6mm,
sheet thickness : 40um.
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Fig.3-38 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.6mm,
1 shot.
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Relation between depth of dimple

and sheet thickness at indirect laser peening;
Substrate thickness : 0.6mm,

2 shots.
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Relation between depth of dimple

and sheet thickness at indirect laser peening;
Substrate thickness : 0.6mm,

3 shots.
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Fig.3-41 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.6mm,
4 shots.
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Substrate thickness : 0.6mm,
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Fig.3-43 Relation between depth of dimple
and pulse energy at direct laser peening;
Substrate thickness : 0.3mm.
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Fig.3-44 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 0.3mm,
sheet thickness : 20pm.

SERFERFER OL¥EUAER




AN
-

Substrate thlckness :0. 3mm
Indirecct peening

- Sheet thlckness 40um

| I—

’ 5 7
/ \% A —
. J Ishot
‘/F/J\]\ 1 O 2shots | ’

/ | | O 3shots

(V)
S
\

Depth of dimple [um]
)
S

U
-]

A 4shots |

. 5Sh0tSJ
SHOS.

0 100 200 300 400
Pulse energy [mJ]

Fig.3-45 Relation between depth of dimple
and pulse energy at indirect laser peening;
Substrate thickness : 0.3mm,
sheet thickness : 40pum.
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Fig.3-46 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.3mm,
1 shot.
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Fig.3-47 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.3mm,
2 shots.
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Fig.3-48 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.3mm,
3 shots.
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Fig.3-49 Relation between depth of dimple
and sheet thickness at indirect laser peening;

Substrate thickness : 0.3mm,
4 shots.
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Fig.3-50 Relation between depth of dimple
and sheet thickness at indirect laser peening;
Substrate thickness : 0.3mm,
5 shots.
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Fig.3-51 Relation between depth of dimple
and substrate thickness
at direct laser peening;
Pluse energy : 25ml.
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Fig.3-52 Relation between depth of dimple
and substrate thickness
at direct laser peening;
Pluse energy : 50mlJ.
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Fig.3-53 Relation between depth of dimple
and substrate thickness
at direct laser peening;
Pluse energy : 100mJ.
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Fig.3-54 Relation between depth of dimple
and substrate thickness

at direct laser peening;
Pluse energy : 200mJ.
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Fig.3-55 Relation between depth of dimple
and substrate thickness
at direct laser peening;
Pluse energy : 300mJ.
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Fig.3-56 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 25m],
sheet thickness : 20pum.
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Fig.3-57 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 50mlJ,
sheet thickness : 20um.
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Fig.3-58 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 100mJ,
sheet thickness : 20um.
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Fig.3-59 Relation between depth of dimple

and substrate thickness
at indirect laser peening;
Pluse energy : 200mJ,
sheet thickness : 20pum.
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Fig.3-60 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 300mJ,
sheet thickness : 20pum.
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Fig.3-61 Relation between depth of dimple

and substrate thickness
at indirect laser peening;
Pluse energy : 25mJ,
sheet thickness : 40pum.
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Fig.3-62 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 50mJ,
sheet thickness : 40um.
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Fig.3-63 Relation between depth of dimple
~and substrate thickness
at indirect laser peening;
Pluse energy : 100mJ,
sheet thickness : 40um.
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Fig.3-64 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 200mlJ,
sheet thickness : 40um.
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Fig.3-65 Relation between depth of dimple
and substrate thickness
at indirect laser peening;
Pluse energy : 300mlJ,
sheet thickness : 40um.
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Fig.3-66 Relation between dimple volume
and pulse energy at direct laser peening;
Substrate thickness : 1.0mm.
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Fig.3-67 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 20um.
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Fig.3-68 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 40um.
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Fig.3-69 Relation between dimple volume
and pulse energy at direct laser peening;
Substrate thickness : 0.6mm.
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| Indirect peening
— ~ Sheet thickness:20pm
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Fig.3-70 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 0.6mm,
sheet thickness : 20um.
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2 [ Substrate thickness:0.6mm
Indirect peening
 Sheet thickness:40um

Volume dimple [x10°um?]

0 100 200 300 400
Pulse energy [mJ]

Fig.3-71 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 0.6mm,
sheet thickness : 40um.
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4 [ Substrate thickness:0.3mm
‘ Direct peening

A Ishot |
-1 O ZShots:
O 3shots

Volume dimple [x10%um?]
W

A 4shots |

@® S5shots J
= O8I0l

0 100 200 300 400
Pulse energy [ml]]

Fig.3-72 Relation between dimple volume
and pulse energy at direct laser peening;
Substrate thickness : 0.3mm.
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| Indirect peening{
- Sheet thickness:20pum
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Fig.3-73 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 0.3mm,
sheet thickness : 20um.
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‘Substrate thickness:0.3mm
. i Indirect peening
g | Sheet thickness:40pm
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Fig.3-74 Relation between dimple volume
and pulse energy at indirect laser peening;
Substrate thickness : 0.3mm,
sheet thickness : 40um.
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Fig.3-75 Photographs and surface profiles
of dimple on substrae
(a) indirect laser peening;
Pulse energy : 300mJ, 1 shot,
substrate thickness : 1mm, sheet thickness : 40um,
(b)direct laser peening;
Pulse energy : 300mJ, 1 shot,
substrate thickness : 1mm.
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Fig.3-76 Surface profile of dimple on substrate

Horizontal distance [pm]

.
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2 shots, sheet thickness:20um,
substrate thickness:1.0mm.
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25 - Substrate thickness:1.0mm
Sheet thickness:40pm
£ 20
S Approximation _
o A 1shot
z O 2shots
=y 10 0 3shots
_E A 4shots
ﬁ @® S5shots
0 I
20 40 60 80 100 120

Pulse energy [mlJ]

Fig.3-77 Comparison between approximation

and experimental results for dimple depth

by indirect laser peening;
substrate thickness : 1.0mm,
sheet thickness : 40pm.
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Substrate thickness:1.0mm

30 [ Sheet thickness:20pum
e —@
g. Approximati% /
o 2 | 2
§.. A 1shot |
° b O 2shots
g_. 10 ; [0 3shots }
A A 4shots |
- @ S5shots |
0 A
20 40 60 80 100 120

Pulse energy [mlJ]

Fig.3-78 Comparison between approximation
and experimental results for dimple depth
by indirect laser peening;
substrate thickness : 1.0mm,
sheet thickness : 20pum.
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Substrate thickness:0).6mm

Sheet thickness:40um/
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Fig.3-79 Comparison between approximation
and experimental results for dimple depth
by indirect laser peening;

substrate thickness : 0.6mm,

sheet thickness : 40pum.




| Substrate thickness:0.6mm
Sheet thickness:20pum
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Fig.3-80 Comparison between approximation
and experimental results for dimple depth
by indirect laser peening;
substrate thickness : 0.6mm,
sheet thickness : 20pm.
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Lattice plane No.1

d ; Distance

. 0 ; Angle of diffraction
of lattice plane

Lattice plane No.2

Fig.4-1 Schematic diagram of Bragg diffraction.
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Fig.4-2 Change of diffractive surface distance
in compression stress state.
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Incident x-ray

Sample surface normal

s Diffractive surface normal
D

Diffractive crystal grain

Difractive surface

Fig.4-3 Schematic diagram of
diffractive crystal grain.

CHRKER¥RE LEHAER



03,3

01,€1

Surface of specimen

Fig.4-4 Direction of stress and stain on surface.
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2 0 ¢y, deg.

State of compression stress

State of tensile stress
M

1

sin? (¥)

Fig4-5 260 ¢y—sin*y diagram.
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Fig.4-6 Panoramic view of x-ray diffiractometer.

EAZEAEKE TEHEN



Fig.4-7 Photograph of goniometer.
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Specimen

X-ray detector

N

Fig.4-8 Schematic diagram of x-ray diffractometer.
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Fig.4-9 Scan technique with iso-inclination method.
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Fig.4-10 Scale of y-degrees.
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Fig.4-11 Back view of goniometer.
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Fig.4-12 Detail of dimple array by indirect
laser peening.
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Fig.4-13 Sequence of laser peening.

mARERERE LEHER



30mm

40mm

Peening area :
Insulating tape

(a) Dimension of (b) Dimension of
peened specimen. masked specimen.

Fig.4-14 Specimens for residual stress measurement
by X-ray diffraction.
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Fig.4-15 X-ray diffraction intensity curve
Windows size:2 X 2mm.
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Fig.4-16 X-ray diffraction intensity curve;
Windows size:3 X 3mm.

SOE R KRR LR R




X-ray diffraction intensity [V]

5 TWI;I)dOW »size:4><4mr;th
4
3
2

0 50 100 150 200 250 300 350

Measuring time [s]

Fig.4-17 X-ray diffraction intensity curve;
Windows size:4 X 4mm.
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Fig.4-18 Schematic diagram of half-width method.
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Fig.4-20 Panoramic view
of electrochemical polishing apparatus.
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Fig.4-21 Dimension of jig for support
of specimen in goniometer.
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Fig.4-22 Assembly of specimen in goniometer.

H K % K% b L &£ ot 78 ™



Fig.4-23 Photograph of sheet after indirect laser peening;
substrate thickness:1.0mm,
sheet thickness:30um,
pulse energy:100mJ,2 shots.



Substrate thickness:1.0mm
Sheet thickness:30um
45 M Number of shot:;—v——
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Pulse energy [mlJ]

Fig.4-24 Relation between number of holes of sheet
and pulse energy at indirect laser peening;
Substrate thickness : 1.0mm,
sheet thickness : 30pum, 2 shots.
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Fig.4-25 Residual stress distribution; unpeened.
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'?‘g B Indirect laser peened;
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| Pulse energy:50mlJ,
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Fig.4-26 Comparison Residual stress distribution
between Unpeened and indirect laser peened;
substrate thickness:1.0mm, |
sheet thickness:30um, pulse energy:50mJ, 2 shots.
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Unpeened
Indirect laser peened;
substrate thickness:1.0mm
sheet thickness:30um,
Pulse energy:75ml],

2 shots.

Residual stress [MPa]
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'1700 20 40 60 80 100

Depth of surface [pum]

Fig.4-27 Comparison Residual stress distribution
between Unpeened and indirect laser peened;
substrate thickness:1.0mm,
sheet thickness:30um, pulse energy:75mJ, 2 shots.
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Indirect laser peened;
substrate thickness:1.0mm
sheet thickness:30um,
Pulse energy:100mJ,
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Fig.4-28 Comparison Residual stress distribution
between Unpeened and indirect laser peened;

substrate thickness:1.0mm,

sheet thickness:30um, pulse energy:100mJ, 2 shots.
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Tensile load

specimen

Tensile load

D

Fig.5-1 Example;
simulation of two-dimension model
crimped both ends.



One element

Two-dimension element model

Fig.5-2 Meshing two-dimension model
crimped both ends;
node number = 9
element number = 4.




Two-dimension model

Fig.5-3 Dissolution element model.



Metal sheet

Specimen

Fig.5-4 Dimension of specimen for pressing.
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Hydraulic crlinder

Load cell

Displacement sensor

Pressure gauge unit —

Fig.5-5 Schematic diagram of press machine.




Fig.5-6 Shape of diamond pen's apex.
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Fig.5-7 Connection diagram

of press machine.
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Zero point measurement point

Specimen

Metal sheet

Fig.5-8 Point of zeropoint measurement.
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Fig.5-9 Schematic diagram of FEM analysis model.
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Fig.5-10 Panoramic view of meshing model
before FEM analysis.
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{Indenter
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Fig.5-11 Panoramic view of mesh of FEM model
after indentation of 30 pm.
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(b) FEM simularion

Depth of dimple [um]

0 20 40 60 30

Distance from center [pm]

Fig.5-12 Comparison between experimental result
and FEM simulation.



1 ANSYS

Moncommercial use only

‘Schematic plastic flow
~ direction of node

Fig.5-13 Distribution map of displacement
around dimple.
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Fig.5-14 Direction of deformation of surefaceat
holizontal direction.
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Table 5-1 Configuration of simulation;
propety.

A7 L 2§ NL > Constants
Density 7 75e-006 kg mm*-3
Specific Heat 4 8e+005 mJ kg*-1 C*-1

25 /L Z§ NL > Isotropic Elasticity
Temperature C Young's Modulus MPa Poisson’s Ratio
1.93e+005 031

25 L, Z# NL > Bilinear Isotropic Hardening
Yield Strength MPa Tangent Modulus MPa
210 1800

T4 ¥E2F > Constants

Density 3 515e-006 kg mm*-3
Specific Heat 4 8e+005 mJ kg*-1 C*-1

.. _FAXEZF > Isotropic Elasticity
Temperature C Young's Modulus MPa Poisson’s Ratio
1 05e+006 01

%4 ¥ E > K> Bilinear Isotropic Hardening
Yield Strength MPa Tangent Modulus MPa
10000 1800
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Table 5-2

Configuration of simulation;
geometry 1.

EFW (Ad) > TAAY
ZigAry
TATREAS
Pt

C \Documents and SstuingstAdministrator My Cocumentsiansy sSIEH—BF5 — 2B X810 12 15 agdb

JOYSLICEA MO
FREIEH
=
NOOFA TR DR
2 mm
301 mm
JORF ¢
3161 mm3
19423
3 1161

1
1

fae

L

Yes
o
Mo
Yes
o
C \Documents and Settings AdministratorLocal Settings Temp
20
75l
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Table 5-3 Configuration of simulation;

ATV DME
1RRE

T
Transparency
Color

T

illEE )
ZEBRE

B
EEE-F

BT

IR

BUOTHMR

X HEES
Y AEES

iR

B8

BLX

BLY

B2

BIEE AU Ipt
RIEE—AUb Ip2

1BIEE—Ab p3
FERBE)

)=
2%
)d“}‘:/ J?E‘?,—%

geometry 2.

EFW (Ad) > TARAMYY > 13—
H—Dr KTy H—Dr K7y

AvisanBEH 5

T52490703i5 «
Yes
1
10605055 15398865
R
lo
SEEE
F o) HEER
1T
1 mm
7y F Tt DL v a
HE
25 A58 NL
Yes
Yes
NI OT 12T 8992
2 mm

1e-002 mm 099 mm

TR T«
1.98 mm3
- 15345e-005 kg
1 mm

2 e-002 mm3
1 55e-007 kg

-0 515 mm
0 mm

-5 e-003 mm

2 e-002 mm2 1.98 mm2
iR

3534 19921
993 6538

7L
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H—Dr T

10220799

270 2§ L 2

0 64148 mm
2 mm

11161 mm3
3 9233e-006 kg
030473 mm
11235 mm

12917e-012 kg mm2 1 2533e-006 kg- mm2 1 0373e-006 kg mm2
5 1667e-008 kg- mm2 | 5 115e-006 kg mm2  1.3027e-007 kg- mm2
5 1668e-008 kg- mm2 6 3683e-006 kgr mm2 1 1676e-006 kg mm2

111681 mm2



Table 5-4 Configuration of simulation;
unit.

B{G% -k (mm, kg, N, C, s, m¥, mA)|
AE E
Cl&ziEE radis

Table 5-5 Configuration of simulation;
contact.

EFI (A4) > B&
ATV IO FERE
R IRTREEH
Bt
B RTBS CHBAT A Y Yes
b SRBAT AS44

P 2R RSAH 0
FoS A ME 9 03472-003 mm
EAD Mo
A7 Yes

BIENE(G  (BIRNEEIL
ol Pl | o3 5 A5 4
FRE TR A5y
BEEHRY
FIA Yes
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Table 5-6 Configuration of simulation;
contact domain.

EFN (Ad) > B > HRARHE

ATIIONE SERBY - H— Tz XFFr To #—Dr REFq| SEREY - $—D1 R K57 To =Dz RSy SRS Y - —T0 24574 To P—Dr KTy
REE GRTEREH
R
AO—-ZFHik DA )RR
I W) 133
A=F b 112
ALRDRRF ¢ Y -2 BT«
e B 0 g U =Dr ATy
et
247 ERdHy)
BERREY 015
AT Fih
F#h BEEEH
1| Mo
FEN AL
Bk RFITF E
AL A2t DB (S TEhRL
FoE 0 mm
BEEAE F#h
B R 01
FERSEED B I YI2F9IE
R 588 JAGSLITEBI MO
= ) i ) B 3L
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Table 5-7 Configuration of simulation;

mesh and mesh control.
EFN (Ad) > Aya
F7V 2O Hwioa
iRuE BHRA
FI22
BRI Ah=hil
WEE 0
Y4 ZaER—))
IESEY A X2 O — L IRRED E R Off
MEERTE I
BEYAT F 24t
TR (X -t POFT«Ih7e0)
Alda ‘XA EPF.ﬁ
17 E
23 APA, e
B WDES 1.36472-003 mm
T b Ay
BENE F 0L —a o wHE R 5L
A0 —a At s, Ad —XIT¥5TT
1B17LE 0272
BABE 2
RER 1.2
A =g OV L 7 4]
{ESEA T amRR Ho
ZENDRE
FARFyD  Xhzhilb 75w
EEPAE JO055LIcL B M-
AT Default (4}
i35 FR7CBI IR
AU S FT—0 005 @R o]
oF
U HESHER Mo
BT SR EFELTGIEN
L w3 a B TEER Mo
e
S 36873
2% 11936
HyisatEiE L

EFTW (Ad) > Aya > Ay aqUMA—)L
ATVIONE o TIohE—sL - [55T 3

REE IRCRFES
L
A3=THE A AR REIR
A AN 1188
B
i No
247 FEEE ¥
B 0.1 mm
=V (X 1.-003 mm
E: 3
88 X 1 2612e-003 mm
BEY  44752e-004 mm
B 2 0 mm

= | A ¥ KB

LW 5w




Table 5-8 Configuration of simulation;
analaysis and analaysis config.

% 10
EFIL (Ad) > R4
ATVIOLE B (A5)
iRuE BRI
‘ %
HRERR 2T e
Bt s
N =R 9F ANSYS IMechanical

AFa
FHEE 29.°C
ANDIER Mo

ET I (Ad) > BEHRIE (AS) > BHTRR

e AP ) BRE
br.Ld FARTEFRHAS
RFwZaviA—)L
AT 32
BAEODAT v ES 1
AT O TR 15
B#BFRIR T JOTSLICLEBI AL
Vb —avka—iL
A =DRALT JASSLIZEDI AL
saluiz JOTSLICLBa O
AR On
{F = )JI=D Off
|28 m 8 Rl
HDYLR JOSSAIEBI MO .
E—AUFDUTR JOTSLIZEBIVMA—),
THUDUVR | Sl TN Tl A R
[BlEzM IR JOSSLICEBI O
AT JATSLICEAI MA—)L
- b iy Jm b 8 1
ThOHE Yes
UFADEE Yes
BROES FARTOEHS
Wi 7 —RERP
A=A T 4L 2k | C Documents and Settings Administratorifily Documents'ansysfIER—8FF —RBX 110 12 15-1_filesidp0iSYSIMECH:
TERORT LA
APS9F NI =27 T <L DH)
ANSYS db DIFRTE Mo
B D74 )L Ollbs Yes
ISR AR Yes
AV —E G POFAFEVAT I
b i — B AR nmm

—EHRZERZER LEHRER



Table 5-9 Configuration of simulation;
load.

ETIL (Ad) > BEIE#E (A5) > HE

AT O AT BUE ERELEHS g2
R TATEFRHAS
4 e |
AA~THE A A EEIR
A AM) 10 3 1,0
et
AT THi EE Bl ERE i
EFAE ksl 375}
PR SFEIER LFEIER:
Xm0 mm (SUZRTEE) 0 mm SURTHEA)
Y Bn F=2)F A F-JIF—A
1 Mo
F=IWT
JRIr TR BFF 85
EF N (Ad) > BEIHE (A5) > Tfi
0 7‘——1“-‘3-8-0-&-‘{3_9‘0‘9-l’-J«{i‘-ﬂ-ﬂ‘ﬂ—ﬁ‘ﬂ‘“ﬁ'G-ﬂ-‘ﬁ-vﬂ~ﬂ-Bv{i—ﬁ“ﬁ'ﬁ--ﬂ‘-ﬂ-ﬂ-ﬂ‘-T
-Se-3 i‘tn
~1.0-2 % J
-15e-2 a““ﬂm&m |
-2 m2 | "-3..““_““ ['
~25e-2 i
-3.e-2 win |
i T3 ‘
-35e~-2 s o, l
-42-2 "=
1.2. 4. 6. 8. 10. 12, 14, 16, 18. 20. 22 24, 26. 28. 32.

234567809 101112131415 161718 192021222324 252627 28203031 32
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