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1-1 $6AM B T AL =0 LOES

BEMM B LT AI= Y ARBROTIER2XZXDEEREBMET
HbH. WMEOEBMOESE DEVNBIVCLLEZNHEINEH TH Y,
MErMAELETCHAT LI ETHEARICHAPHGETES. £0
FMALFED 2L LT, BBEOEELSHMME L T L
NAT Yy FRETIHERAIBRFHFILTWVWS., TOBBEZEBRT I
W, MM B LT AI =D L0 RBEEABHTFEEVEEME AL
EMHETEATIHMPILERARTHLD. LIAN, EROBMIE
BIZLI2EBELBEAE, #MHHAMIHEOEVR DY, ARG
I e RS R ERTORYE, BEAERKETH D, Fig.l-1
WCFe-AlREHmBRER %2 7T, Z0OM»E, Fe-AIR WX & BMILS
W TdH D FeAl, FeAl; R EDBFHET DI &N D. RIT, Fe-Alk
ERBMULELAVWOERABR O R 2 Fig.l-2l0R" T, ZO-» 5N Hh
DX DI, FeAlR 'Fe;AlE W o oFe) v F e BRIELAHITH 21
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B oEM 27 L, BB 8 E HS500MPaz B 2 5. — 5, FeAl; & (N FesAls
EWV o ALY vy FREBHMIALAEHITIHM ORI, KMBE TRBM LT
WL EIICHEHEIEETHD. METAVI=ZVLORBEBEBOEA
CBWTHBEEL R0, S hbofittreBREILAEY T
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1.2 BB LET LI L0EARIE
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1-2-1 AR v IR

KHumE#ECTH»I ARy NEBEDR, UMW EBEVWVEERZTERER T
y Z7TMELTRE, MBICEEA M CEEERELW L, MEA
KOBEBRBIOEMBOBEMBRICL S Va2 —LEBEIZ K-> THHR
LTCRBMICMMB I TCEETIHFETHD. BREETIE, &
A ELS, BELELEZXAXTADEC T Yy POAEARKICHEE S L
L7720, BAEFTIRBLOTHY, L2 LBELEZT X ALTXFORSITE
MIZBEIN S NA2TOEBMICEXL2AZEETRED THR2 . HEMD
BARETT, AEXAIMIPMOBHEFTEICHEIBES TE DS, BHEA
A vy FEMRTEIC-—BHOBHELIRIPBG TITbL D O BEERRE
DEEFOEBIIAEAAINDZZ D2, REODHAEZF > TWD
O REREZEFHM TCRBLCLHEAT DI I LCELTEY, AEBE
DHERHKEEM, MEH, FERLRIEZHELITFCENTHEM
ShTWwnd. £/, " AOBNEER TLEZRERGBLEEILE
BT DLV ARETHLED, REAEOCHBUNDOLEH THLIEHM
EhTw 3,

ARy "ERICLIERBESGRBEASOH & L T, I HIXSS400(HK
J£:0.8mm) & Al-Mg®& 4 I AS5052-H24(A1-2.84at%Mg, #R/E :1.2mm) &
DARy NEEETo-TWEY. ZOB, 4% — b ELTAIONS
EHAL, X T22BMIEAWEORE I 2 2umll FIZMH T 5 2
ET, TF5IRABTIZOONDO+FEMHETHRY BW L.

1-2-2 BEEBHES

BEEBBREASMLEFSWIEIE, EBICEEOHA2HEG RO T %

FlE SRR oMW ATHLAT I CRESZESG S5 HHM

(BM) OEABICEAIY, ZhiCl-s TEEBRZREALE S TH

CERAPRNFER O OLEURER



Mi#ibsw s blil, TEODHEBAHIZXL TEABEL %2 B M%®
MEB ST TCHEVRELIZETEHOREME — KL EL2ERETD
5. FSWO K& Z2FEHLELT, MMEZEBMROEEENS TICHEAST
D ENEFETOLOND., ZTOZET, RRXOEBEHEEII R,
KOFmEBRAEEFNRD. 2, ROBEEEIZLIBEEH TEM L
B L THWE SN TEEDN, FSWIRLA2HEAMRIBHE/ESICE
o> T fE & hL 2% M b L, MJ:D%éﬁfﬁﬁi‘i%ﬁuﬁ”éfﬂﬁi‘§<ﬁ6n
5. Flh, ANy EIRNREETESATWIBIREG T, ARERDR
WZeEmbBEEEEIAH K, BEEALAB LRV &, & &HK
ODELPIB I EREPL, RBECEN -EARZHELNLD
TELVHEBTHDB., T, VaTg IR, TAI =D LS
M, ~7 X205, BEIPELVWEEMEOES N TREL
WhhTkY, KEZ2EBZED TW5B7.
REBEAOME LT, BNLIEEKREFHMSPC270CE 7 L I =
U AAEBASOS2EFESWE AWV THEAL TV 3. SPC270Ck A5052D
RAEICAEAKRLELEBERILLAYEOE S I IpmBEE TH -7~ . +F 5]
B, Sl REAMAKBROBERITIEZENL TN R KOSSKN, 2.7kNT H »
7= .

1-2-3 L — ¥ & #

L= T EmE, £ TIShTr—FRhEL X213
—ZHOTHNARy PERREKERESHE, ThiZE-THBLLALDIEH W
FNFEEZFHNRTL2BMIETHS. BETIEL —VF O MRENR
ELT, v=VMIDEMPER, K, BmHE, LEEOMKMAM
LR EYWEIES<FAMAINDI I ECRs., L—¥MIoHEHKL LTI
1) BVWZXAXEERBLNIOT, EMIMEBICEBETE %,
2) XEFZEZFALTWVWDLIOT, MIBOKHBALES TH D, 3)
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MM T THDILEDITEOBEN LS, MIELZRIL 2V, 4)
A Ea—FZLOEREREPRWRE, RO IEEMBR TIIEL LW
BEHMAZfF>TWn5a.

L wgEnE, gEESEOT TRy M, BEIL, AT
2k, T4k, AR ERAELZELRE - BRE - KEZ® - &
ZHME - BE - ESAEHOEBEAETHDL. ZO0oLIRERNML, V
—PHEBREICLII2ABELCEMBOBEAICHE T A=—XBHML TV
. L—VEBEEER, S XAVXEEOr—L2BAROEREAMEEE
BN - BHANEBEOREELE2 L, RMGF OB R G I
CRERMILEVMEROMHBHIES THDEEZLDLN D .

AFETHWEDOER, ZOLV—FEEETDH S.

REeRBRBEAOM L LT, 4, BR 5 IXSPCC KR FXHM (KE :
0.5mm) & AS5052 7 ArI=vira®e (RE :1mm) 27 74 X— L
— Yl —S ALY o - L BEBEETRAVTERM T E
MLTwa), L FRIDZABBDOBY A 7V ICLVRH R4
BALEHOAERZMGE L, SIRTABHABRICE W THE WK F®RE
E/LHIENTERLILEEZERELTWVD. RXOFEEAMBI %
HMLERBRAE, 2BHELEDEORE I N 10umll F T, SPCCRM
ThE Wr L 7= .

Sierrab i&, YAGL —H 2 HWTHF —FK — VEEE2IT\V, DCO4HM
(RE1.2mm) & 6016-T47 L I =V A E & (BRE Imm)D E L #kF % {E
BMLTWaY, 20K, BEOCHME BMICETR2KD L — ¥
MEKR T 2232 TOL—VEREELZRARL, 192, 23205 T,
TR LR EIA SRS 200pmT R K 150N/mm, 250N/mm® 5| 3 ¥ A K
WMEBZB TR, MFREXEM TS 2HELTWVD. Lx
Ly b= VEETO2SZ2OMBAMFEFREICS X HEEBIZO WV TE
BEr & v T Ag
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L—HF 2 AWV F—FK— VIR CFel AlOB@MELHRL, €8
WMt BOKEZMAT 2 LT BEBEMBEEOBERLTZ. LD L,
BB LT ALAI =L OV —FERAVEXF—FR - VEEIITRSEH
WH L, EBRMIELAHBIZ VWTERODEYVRFT I TR .
=0 L~ DKW O®E AR ' ML
Fe &L AlOBEBMEAEZHBLELY - VERMBFFEL2IF —F - VEK
ko THERLE. TORI BHEEELZEZLSETEREZTYL,
FliREAMAR, BESCEREBAROCESGRECO, WIAALWKE, xH
DIREWRE, AhM, EBIBFEEREEZHAD L THRFEEICERIE
THREEREOESE, BERBCAERTIILADE LMK FTRE ©OHE
P>V THEELZ.

FElLXMEPALEFER, BMFREOHEMAE AMICEY - FE 223214
HMLEHAKC, E—FHBABFRECIEXLIEEBIZ OV THRA S
nNTWnwWnwz &b, E—-—FORBAIMFERIIETITEREIIOD
THHEE L.
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%2 EREBEROCERGIE

2-1 EBREE OMHEK

AMETHER LAV - VREREOMBK % Fig2-1 KA-7T. b —
PRERHSIE, EHXEN kW, BE :10.6um, E— A% : 20mm, &
MERMORBIT ALV —-—FRESR (7~ &8 OLC-1000P) & AW
. BRI UV EAEBR - 127mm © ZnSe WE N L X
FoTHERXSHh, EMIMERHICRFINLD. XV ZDER
HEEORBELZIT O, XL ABEMMBIZRATA FT DI XK
A RERITTHD., V—FRERHFL LV VALY —DOBiIZL—F
EhEBRLIRE L., EMEBECETTME4s " ofgETE Y 77 &~
BMoRAENBOVMFToATBY, EHEZKCHEB T 2BE )
=l kD ETIRANEBT LS. ZoWEBH Y ¥ — 0 kT &S ILEH
REBICLTHIBET S, L-FE—2Z3XHENRTHCH B L
SR THIEERHFIARTHBOMKL U TICBHE I, HEEHICH D
EERRRERFAHE TR N TICER L VX ICEET 5.

KICHKBRAOEEWREODEXBERE % Fig2-2 x7T. BERED
RBRAFZEETA2B2EEHBECH»IE Y F Imm OXVIZLHLAEDL
NIZRBIZR>TEY, FYVOHEIZ 36cT L3l RICL - T
REBRAOMEZ 0.l mm T D ETFTICHFAH T A B8 TcEx3. BEBLE
FEECAE®ZR, AZA e —2 500mm, 4 0.0lmm O E&H =

i

¢

(R

TAL = (X V2 VE—FtH® EZlimo EZHS6C-50) @ ki
mofdoh, V-VERoBHEREMNLTELFCBHETS. EH R
TAX—DBEERERINNEay be -SRI EHEBENSE. a2
b =9 ~OBET 77 L D0ANNBEFIREZNYa 0T 7Y
T—vary (NARXN=F = F ) TXViTbhd. ZOEETR
T LKLYV EBERERLBFEREERET 5.

CEAFAER LERAR



2-2  fEE M

ML LT, ®HAELZEHMAK (LLF SPCC) ETEXERAMT LI =D
LA(LLTF Al105S0O)Z Wi, RBRAOER % Fig2-3 Il x”T. £hEfh
DMK DAL F MK & Table2-1 12, FE LM E %2 Table2-2 IZ 78§ .

2-3 EBR Gk

Fig.2-4 /R THIC L — % AHMIZ SPCC %, EMIZ A1050 2 ¥
Tk, V- VFRERBEROBMEAZLTL-FHHORE LTV,
BEHATA X —DOEGH o /77 L TCHEBERELZREL, L — ¥
MEBLAMNITL2ILTHEELETLE. BEPEI LV ADK#
DD BERHIT AL —NVRFTRAELELTHY, FAWEIIFT 20/min &
L7z, R bv—V2BHLIIPLEHRAIALA L DB EHT ETTO
Kl % 1sec & L, BERIRABAIFRB TCRHREINLD IOV AMEZ
L .

AFRIZEWNWTHEUTOEFHTEHEEEREIT- -

L — 7 1 kW (— &)
M B SPCC (Vv — ¥ A K
il £ #1)

A1050 (2l &%)
W= SR 1.0 mm (SPCC)

1.5 mm (A1050)

A B P <. 20, 30, 40 mm/s
Ly RE AR e . 127 mm
ok U BE B <. . +0 mm

ZERFRER LEPHRAM



EH g | <. e 13 mm
wER e e 100 mm

2-4 ¥ — N Wrm 88 & OV MO8 88

= A Y — B R (R 80~ H2000)THFEE, NTHEL&EmMLLELT %
L%, 3% T A2 10 BL Yy F 7% L. 0%, %
EME T FNHEROCERESE S AR 288 L .

2-5 Bl IR E A WK B

FREZRETI2EDICHVZRERABRE 2 Fig.2-5SIcx 7. 5l
9 B BR B P S I o $ 4R (Central plate) & 2 — K & )L (Load cel)IZ A &
LB BUig Smmigic@ v HLAEAMTFEZ2MOMAT 2. ABEOR
W DT R LCEY s TREY, EBIZHDIE—F—ICT Lo THEZ
L, PREOMEKE EHTm~B&H L, ZEEWMICIHKRRELDEZATT
. ZTOBRBIZAELLIWMEEZr—FEALIREIVHEIEL, RBAOEA
Wr fif E % K 7= .

2-6 X K B

BHEER, ZEEREBIERINZLAEYOBESIE2, ~(4 70 Y

Bo— AR EF(IY =8 MODEL-MVK TYPE D)2 Al W THl & L

o, KEBRTWEHMEL2 502 L. AVWEHERS TiIoRw4.

SRAE KR LR R



Hy = Applied load [kg]
Contact area of indenter [mm” ]
_ 2Psing/2

d2

%1000

= 1854.37{2—

Hv : Vickers hardness number [kg/mm’ ]
P: Applied load [g]
0 : Angle between opposite faces [136°]

d : Diagonal indentation [mm]

2-7 SEM 8l & & " EPMA & #r

AKEBR TIXIAEREE TBH M BE(SEM : Scanning Electron Microscope
JEOL % JXA-8900R)%Z fl T, B4 i o 5H #8548 &k Bl 2 %
UT O FIETAIT - 2.

OB ABIZEDAALLERBRI 2 A ) —FE KT 80~ #2000)T

MEL, o ANA7HEBELEGMLELET 2L L.
Q=% — N THELIZE, SEMICEVBELI-.

MEEICE T+ 7 n —7 <A 27 v 7+ 7 4 % — EPMA(Electron
Probe(X-ray)Micro Analyzer JEOL 8 JXA-8900R)% {f i L T B
&R, bAEWEF 7. EPMA ZEEABETBICHIK SR (
smrynbH T I unroREI)ETFR (T —-7) #RBEL T,
R LBEBFREOMAEERIZIVEET IHEXBREZDRILSBH
TH5Z LT, REEZHEELTCVWEI TR LZoRE (EEX— %
M iwt%)Z M D LR TELI20MBRTHD. 2 LELI TR
BEHELEOLEE, 2VEBEEOEHICHEEL TWVWD L EOEM -
EESH, ¥ 2bb, BEWNLETZ2HWEH (pmAF — 4 —) I X

D7t HE (4Be~ogU OMERK) 2, YD Xk 5 2EA0.001wt%Lh £)

771
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THEELTWDLINEMD I ERNTED. TOMFEFHEE L T,
RaM, Hot, @olm (BB -~y B 7%2830) e,
WTRYL, TREFRLOENSN (BH) EEHRIZ lum® TH B (2L %
Y 73700y ORESOBFHREZBHLTYL, BET D28HME X#K
DB /ANEEIE 1pm® ThH B ). MMEEJE 15kV, t»—A%ﬁﬁ 3.0x10 %V

DERMETHHL .
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B3E 1 XNAOVv—VEERICBT 2/ FHEORKRE
3-1 B — FUWrm @88 Kk O W A8 8

BHESGBRBROVELHRFOBALAEROBE 21T 7. BHE Y —F
Wrikg o~ 27 o % Fig.3-1 2737 . KD (a), (b), ()iTZF N EFNLE
wWHE 20, 30, 40mm/s DL DO THD. £, EEOD LM SPCC
M, T M A1050 4 TH 5.

ETOHBACBVWTHEESROBMEBBEREI IS o vy TR TH D,
L— P REAEMDO SPCC MERBRICEHMBOEBEESRE N ER I 1L,
SPCC MIKE B R E D A1050 £ & O F i & ~ 217 THE O KV & #%
ERMPHEREN TV, BEEEOHMICHE > THEEARNEKD T
HDOT, WEBMOBRMELSB A L TW5D . IC A0S0 # © & f & 2
WHEEEOHMMICHE - THALLTVE., REFEELRBRAAESOHE
% Fig3-2 LRT. BREACFTIIOCHEELRBO LT HMOE S
FWRAATRES E L. BEEE 20mm/s O K Tix, BAARBEI I
l.4amm & H» 5 25, WHEHEE N 30, 40mm/s (2725 &, & AN E
DL THEBMELABAL T 542D 1.2mm, 1.imm BE X THL T 5.

BRHEZAT IO, REBLORBELRBOBZEAMIB & L
T, BWEEELEABBOMBMBE R LEZ I 7 CTh 5. I FEE
20mm/s DKM Tk, WRALEIT 0.8mm & H D A, B E N 30,

Fig.3-3 I%,

40mm/s IZ72 %5 &L 0.4mm, 0.3mmBEE FT TRV T 5. BRAAEES, &
Mg & DI, REEREOCHEMYOEV ABROBAL I THAL T 3.

SPCC/A1050 R MEFE OWH MM %2 Figld3-4 71T, BELE L
SPCC M LEDEMMIBIWONLREBRMBMR LD, BELRB L A1050
MEDER (BELABEBORY FI) KT WM MNOH 3 EMNE
23 GV
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3-2 MEARBRER

KESLR, MMOb2BRNOBIWELITY, B oMAERD
EEbil, oI oMMDOLIZBERNICAERT 2RI E
MOEHE LT o7 Fe—Al @BMILA MO S D% Tabled-11c 7 T .
SPCCR WAIOSORM @ v v 7 — i & X 110HVvR V40Hv(E Al fH)
EThb.
Fig3-5SICFATNEBEBTCHREELCLENOBMIBPELIToL. BEELED
R (a)D i X 4y i, SPCC & A1050 EHREE 25 SPCC /2 200 m
E AI050 I 50um OHBE THE T MICEEZR F M (b)DIE S A
rHMELE. STHEH#EBPROLETHFMOMES S % Fig.3-6
WRT . MEARBRS T, M 400HVIZCELLL CTWk., — 8, BmEL
B L A1050 L OBER TH 800HV OB AR b 7. Z ik FeAls
YT 2 THD. £ A0S0 BEM W TR EEMSE Tk 30HY 12
EThHo2PBENLDICONT 40HY BEECTHEHMLAE., Zhik, RiF
EFETIEHEERICLY, HAZH (AR EBM) CERHE, A1 4L,
B BEIBL LcldikitLlzoreEsxbn s '
WAZ LW N DB SPCC IIC 2000 m OB ORIE M EMELRFH M
D S5z Fig3-7 I3 $ . @iy v b — 2@ X, Bl 3w
ERBRPLBEBPOOEBEE L > T WS, SPCC HIOEBEHELERBANOE S
DA, BEEBENTHEIDNELS R >TEBYVZERETNLEMES LY
BmWHEEZRLTWS ., EEFEE 20mm/s ® & # T, 350~400Hv &
THV, ZTHIEIERMILAEY Fea:Al YT 3B X257 LTWS.
W HEE E 30, 40mm/s DG T H K 330~400HV I E L R ICE W IE
Za L TW%. SPCC @ HAZ ¥ THE X A 200~ 250Hv 2 FE = TH M
LTWd., ZThiZ V- VYEBEHZEORBRRIHBORY A 7V EZIT T,
MO HAZSE RN BEADR L THELLEZLZDEEEE XL bR B 'Y,
RIZHEH»S AL0SOMIIC 50 m DHFFT O L — VR FE & KFEFH

CEKRERER O LEHRESR
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M O & 434 & Fig3-8 /- T . A0SO I o ESRBN O I 45 Ak,
o TR B E 20mm/s T 420Hv B E, BEHEEE 30, 40mm/s
T 360HVEE L SPCCRTOELIVEVWEEZRLEL. REMNETHE
BHE 30mm/s I2B W T 800HVREE O &H W 2R L 7. 2 ik FeAls
WHYT232EE2ERLT WS, £, BHEEE 30, 40mm/s T 600Hv
BEOHEEA2RLTWVWS., L2L, EEONAKROR MV EH
THLMHM IlyumdYV, EEOREITOEHMHRZRBEIE2RLTWVWD L
T, AT AHIERHEILEMEObLODOBESIERL TR, L
Wo T, AlY y FheRBMiteéWBIOo@EIZRL TN, T
bOHMPERLTWVWD EERFETER Y., 22T, XVDFELIHAN
579 EPMA T{lHFEMEZHFAAEL .

3-3 BEEES O SEM Bl 2 &k X EPMA & #T #& R

BESBRVOCEARBICARLEZMMODEBOMK EZHET D
72 EPMAIC X o TIlk¥ MM AELZ. Fe—Al&BH{eamoM
X % Table3-2 2~ 3. Fig3-9 ICHEHEHEE 20mm/s I BT HBEEMO
SEM EE R LW EPMA A& RE -3 . A VEEIIE Fe it Th
D, BEVWEIKIT AlH TH B . Linel TIZRE M S SPCC # Ml 1T 200
pm ®DANE, Linell TIX A1050 M I IC R 225 50 m O L & TIHKIE
FHiCEER A ~ROMLEKEREE27"T. Linel TREELEBER
KBWTREMIZ 20at%% B2 2 Al KRB SN, CRHIEERI L
AlosoMt 2w RaeaniclewichlishcoZE®E 2 51 5%. SPCC
BMETEELALE Al TREHEA2 o7, Linell TixHh R T

IR

I

Line I & Al £k 20at%iE & O Al EH S TW 5 A A1050 &4 i @ 1
TAIDODEPERLTVWDI2OoORGNS. £ Al N 40at%x 8B 2 5 E
BREMHEOMMOHLIZRBEANTHRE S .

Fig3- 100 I H#EM O SEMEE LHEELERBOIZIEFRTRZ € — Ko

SRAERESR LERER
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MICH » T EPMA A0 21T/ R L2 3. SPCC £ E TIX
10at% 2 E O AL 2 700 m O (L & M H A1050 &4 2 M 7 T Al @ fE 2
ERALTWwWBZoRs»d. FiEfit TIE Al 8 F & 60at%z B X D
Al YV yFnrER?RHBEREZ., Z02BRLELEMEEEXOLNRD Al
Uy FhBE2F LA LDRENED EPMA TN, SOWN%
T - 7= . Fig.3-11 iZ(a), (b), (VWK ART REEMOE DT HERZ2 =R T.
Fe b AIDOHHHEELS, BEABK AIGFEIEVEASBE I
. AN TRBEEOCEERMIA T+ THY, REBMBIIEHRIND
Mo HdBOMBEEECTCER V., £ 2T, Fig.3-12 & T 1~
16 DEFTIZD>WT EPMA oz fTo7c. 2 #ERLELY No. 3, 6
TERESARBLEEASZOMKTHY, No. 4, 5, 7, 8, 13, 14, 15 (&
Fe 5 HEMNK 50~60at% & %< ,Fe V v FRHEBMWEN DO &H D5 FeAl
ThHhdEEZLOND. DFEV, BESRBPIZFe) v F e RBBEILA
MBAEBRLTWE2IZERNEZLNS. AL050 & DE K AE D No. 1,
2, 10, 11, 12, 16 TIE Al EAHENK 65~84at% & £ <, Al Y v F
DRt &BMILEYW TH D FeAl,, Fer,Als, FeAl; 72 2 ZE 2 b h 5.
MYy TFRBOEEIHEFICIVHE L TEBIE 10~30um OEHR
»H o Tz

B 4% IC Fig.3-13~3-16 ICE#EEE 30mm/s ® EPMA o #r i & %2 R
T, BWHESRBRE TIT Al &1L SPCC il T 15at%fE, A1050 il T 20at%
BTHO AIOSOMIZTE S I > THEMT 5. Fig.3-16 ® R HE{FF
D EPMA BROoMBER IV 60~80at%d Al A H S =. Al Y v
FRBOEIIEIBIZ 10~20um ThH - /-

Fig.3-17~3-20 IC & HEHE E 40mm/s ® EPMA O & R % & 3. & &
& B A TIT AL E 1T SPCCHl T 4at%E , A1050 1 T 10at% e Tdh » 7= .
Fig.3-20 & M 3£ O EPMA S 2R K VK 60~80at%d Al 2 B
Heah., ALYV vy FRBEBORISEIMOEH LETHEI B LE 5~

10umTdH o 7.
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WMERKBELOMMNOSI2BET, BELABT I CHBHELE O &H VE

BREILEY FeAl BB H &, A1050 BRM I THe & BREILED
FeAl,, Fe,Als, FeAl; AR I N, 2F VW MMoboBIIEESE
BRI Fe Dy FREBEMILEMHPERLEZBE L, A1050 fl Tid Al
Vv FneéBEBRtaewEIFET S EZ 26N DL. LT, ZD 20
PDRE Y FTLDHODTRERBEES LAY vy TFResRBHALLEMEORE
SHBEEEEPBERCRDIIECONTERI LT WD O NG 0D,

3-4 MMF OB EEAMABRE R

BRMMPFEFONEETAMABRZITY, TORK K ENMEMBLZMEL
TefE R % Figl3-21 277 . BESGBOEMIE, BAABRI LHEK
RHEEEPGEECRDIDECO N TRKRSBEFREMABS L TV D 0N
GMD. THRIREBABRB NS RO THEAEBEIBRL L -
el eEBEZLND BWHEFEE 20mm/s TR KW E S4ONBEF BN .

RICHEMBEREE2ZRARDI DM TFOBEIRK %2 Fig.3-22 127" 7. %
MTHEHENRTWIEOVBEELER THE. TEMNLLEND LI
ETOENHET, BHESABEBOR Y FETHBL TWDEZ L NHn
5. O EnDL, BEEBEETOR Yy FEEoMHELREBHILED
@ CHK LT BEEEZILRNB.

RICBIEREABMBBRAIO Smm O L Fig3-3 2R3 LEWRAEL O
MAEAMTELZABRT 2EMBEE L, FRAIIEHEM2EE KB
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SWAEKREEE TEHRM



16

THAWNBRELAZYVOBBIFHENHE ML VWD LICEARB L LL
, Al vy F OB REBERLELAEVWRBOE S NEMKLL TWVDH D TIE
Wik E x, Figl3-24llBERBOES, AlY v FOMH e EM
teEwBLtEREREREOCHRLELZTT. FEEFRTHBROBSZERAGE
LESoFEyz Lo, BEHAEIFPGEIRDIIECODNTRAE L
s z2e&RHMEEMBOES, AEALTCVE. ABRZ /NS T D
& T, Fe b AlOBRBMEAENBAL LEAB, KB L& RBMELLS
MEORE MG ch, BEE, KB 2eBMitaewEOEI 2D
T, ENBEBELVOMEBMEREMLELLEELLNLD.
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E— Nt 7L —

L— S 1 kW  (— &)
o Co SPCC

e JE S 1.6 mm

Vi B .o 20, 30, 40 mm/s

Fig3-25 it — i@~/ oM@ r2 "3, Ko EM»HIEI
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b b.
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WITIEER-—OZEEARTHLIND, BMMABKEEDL LITmMESh
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TRRFERIZEWHEHRKRICER SN D, Fig.3-26 3 REFEEBEET O EXEE D
BEDMEBEEEMOBRBREE S AHEANCALEFHAK TH
. R EIBERMBAULTOOL—-—VFTRFIZIDZ DO THDENL,
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BEMSGRMBOERMHREE LV ®WVWHEHE (Fig.3-26 DL E A XV
ER) T, BEOBESBRIABRIND. (LB A LV EM TIEE
BOBEINSZIMBORMBBEEBEEIVEVWED, REMOEER (A
~B) NHFEETD. L B IVEAEBREI7VI=UvLTHDED, B
MCTIHEMEBRBENA#ERICEKET TS, —F, BESMITERL L
ERTHENLBATHHEBFELTVS. (BB, BRTITHKEER

thE, BELRLELOMBOEYHEDL KRELS BT 2T, BESMH
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IS TEEL TWD.) 2O, (LE B~C O &ML EREDIEEN

MEBOBRMBEREE XL VES Y, BT 52 Lic222. L& C X
FRloO7 V= AMTEHEBENRMEBRBREE I VES, BRI
CELRW., Thbb, BE2BREHORMERB TIX, 713 =
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EXOBEROERMBRUEENSZRM B OBMHRIBREITEL TV
WREE T, REAmOT7 AL I=ULMEENT V=0 LA0KMEBIERE
UECMBEZRDIREPEET D, T bbb EMMERENOERM
Bicid, BERICRBRIL2BEEEFOIZeEMAICER T 2 8 K8 E
% # (Constitutional super-cooling) & '"Vc il = R L EFHE N £ L
L. BELHBEMEVWOMBA - mHAOMERIRKIFTHDI NG, HEKWH
i % (Constitutional super-heating) & FE X Z L2335 . # KA @ 2
DIZDHDIETHREOTRNLVFXF —BHLENRESHBAN, BRERBICHER
ZEBEAERINLDIOTEHRYLEHE SR B.
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Fig.4-2-1~4-2-6 KB EHEAMABRAMOBEHELY - FHirEm5E %R
T, EMBN I RABOE—-FRFTEMB 23 ZABOE—-FTHDH. U
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FEBAERDCON THEHELSRBM, HAZBOERY P EI 250
VAN RN I
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MEMBEIES LN, FEEE 40mm/s 2BV TIEE— FHMFE 1.5mm L
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TWa20ORbM?d. ZOBEZERIE—-FHBORWVEKFIZRLNATE.
IOBRBENRE—-FNEBEETACONTEANMEIHE M T 2 2 &
WWHERIT 0Tl vwreEZbND. 22 T, Figd-SIZr3T &5
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Figd4-6 IR RE2TRT. /797 XV ERBRAPBAL T DICoN T, HK
WERAEML TS, SIRTABRBROBEIL, ©— FHKE® KWL
HTRRBRAIFA B TSI TMBREANO AT TR, F
BT 2 7Mbb NP Mb2 2 TEABMMERN NS oD
Ezbhb.

Figd-7 2 2 " 2D0HAMWEERLSENHBELEZELDEZ RS . A,
O 1 /%2, A, RiF 2 X2ATOMTHD. BEFERE 20mm/s O F
HIEIEARETCOWM TRV CHEERERE 30, 40mm/s O K HFD
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40mm/s ® 1 X2 OREBRFIX Fig3-6 LV AERELTELT, 13L& AL
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EiIbNnND.
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ZADOMFIIAMMMD 1 SZ2BEOE—F, EMN 2 Z2AB0OF—FT5h
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GMmDH. THRIIFT 1T AZEMO AIOSORMBIERT D, 1 XX H
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Fig.1-1 Fe-Al binary equilibrium diagram.
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Fig. 1-2 Flow curve in compressive test
of Fe-Al intermetallic compounds.



Table 2-1 Compositions of materials used. (mass%)

Materialf C Si Mn P S
SPCC | <0.12 - <0.50 | <0.040 | <0.045
Material]  Si Fe Cu Mn Mg Zn Ti Others | Al
A1050 | <0.25 | <04 | <0.05 | <0.05 | <0.05 | <0.05 | <0.03 | <0.03 | Bal.
Table 2-2 Mechanical properties of materials used.
. Tensile . Young’s Melting point
0
Materials| . onoth (MPa)| D OM€80O0A) | dulus (GPa) (C)
SPCC 344 33.5 200 1536
A1050 75 39 69 646
SEAFERER OLFEURER”




Laser beam interrupting device

Specimen

Laser beam Shielding gas

Laser oscillator Guide Condenser lens Electric slider

Fig.2-1 Schematic diagram of laser welding equipment.
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(a) Top view

(b) Front view

Fig.2-2 Schematic illustration of jig.
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1.5

A1050

100

vV

20

13

30

Fig.2-3 Setup of specimens.
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Welding direction

SPCC

13

Laser beam

Sheet clamping device

Fig.2-4 Schematic of the experimental setup.
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Electric motor

Gear wheel

Jig
Load cell

Central plate
Specimen

S

Fig.2-5 Schematic diagram of tensile tester.
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Table3-1 Mechanical properties of Fe-
Al intermetallic compounds.

. Type of . | Vickers
intermetallic
hardness
compound
FeAls 892
Fe2Als 1013
FeAl 470
FesAl 330

Table3-2 Compositions of Fe-Al
intermetallic compounds.

Typeof 1 oh of | A% of
intermetallic
Fe Al
compound
FeAl 25.0 75.0
FesAls 28.6 71.4
FeAb 333 66.7
FeAl 50.0 50.0
FesAl 75.0 25.0
SEARFRFR OLFHAEH



SPCC

Al1050

(a) Welding speed = 20mm/s (b) Welding speed = 30mm/s

(c) Welding speed = 40mm/s

Fig.3-1 Macrostructures of the welds of SPCC/A1050.
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Penetration depth [mm]
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- _
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0 pee. . | e | 1 l il
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Welding speed [mm/s]

Penetration depth

Fig.3-2 Effect of welding speed on penetration
depth of SPCC/A1050 dissimilar laser lap joint.
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Width of weld metal at
the interface

Fig.3-3 Effect of welding speed on the width of weld metal
at the interface of SPCC/A1050 dissimilar laser lap joint.
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b) Welding speed = 30mm/s

(c) Welding speed = 40mm/s

Fig.3-4 Macrostructures of the weld metal near the
interface of the lap joint.
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SPCC

A1050

(a) Center of weld metal.

200 ' m

504 m

A1050

(b) Direction perpendicular to
through-thickness direction.

Fig. 3-5 Position where Vickers hardness
test was carried out.
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(a) Welding speed - _ SPCC A1054 |
= 20mm/s E 200 ' ]
200} -
ol . L 200000000 |
0 1000 2000
Distance from the surface [ u m]
1000 ‘ — ; ,
Weld metal HAZ| BM
800 : <
(b) Welding speed 600-  QpCC A1050 -
= 30mm/s - ! -
&ooo 7
0 ! ] A 000 ] 1
0 1000 2000
Distance from the surface [ 4 m]
1000 - — ' —
Weld metal HAZ BM
800 €D [ >
Weldi d ' | ‘
© predingspeed et gpec A1050
£ 400 4
200 &m i
0 . i DOOOOCO | 1
0 1000 2000

Distance from the surface [ 1 m]

Fig.3-6 Vickers hardness distribution from top to
bottom in laser lap weld between SPCC and A1050.
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Fig.3-7 Vickers hardness distribution in laser lap weld
between SPCC and A1050.(SPCC side, distance from
interface = 200um)
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Fig.3-8 Vickers hardness distribution in laser lap weld
between SPCC and A1050.(A1050 side, distance from
interface = 50um)
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Compositions [at%]

(a) Macrostructure of weld metal

(Welding speed
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(b) Line I
SPCC side
(Distance from interface=200um)

(c) Line II
A1050 side
(Distance from interface=50um)

Fig.3-9 Results of EPMA spot analysis of SPCC/A1050

joint (Welding spee

“ERKFRFEL

d = 20mm/s)

L% WF % #

150




(a) Macrostructure of weld metal
(Welding speed = 20mm/s)

Compositions [at%]

O 1 1 1 1

| | ] | L 1 | L |
0 500 1000 1500

Distance from the surface [pm]

(b) Results of EPMA spot analysis from top to bottom.

Fig.3-10 Results of EPMA spot analysis of SPCC/A1050
joint (Welding speed = 20mm/s)
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SEM Al Fe

(b)

(c)

Fig.3-11 SPCC/A1050 surface analysis of Fe and Al at
the interface region. (Welding speed = 20mm/s)
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Compositions .at%q
kel I " Al
1 26.0 74.0
i 34.8 65.2
3 75.4 24.6
4 46.7 53.3
3 50.9 49.1
6 83.5 16.5
7 59.0 41.0
8 74.4 25.6
9 36.1 63.9
10 27.1 72.9
11 oy 82.3
12 15.5 84.5
13 53.8 46.2
14 50.9 49.1
15 67.3 32.7
16 37.0 63.0

Fig.3-12 SEM image at the interface region of
SPCC/A1050 and the results of spot analysis of this region.
(Welding speed = 20mm/s)

—EAERFER L¥WRHE



Compositions [at%]

(a) Macrostructure of weld metal
(Welding speed = 30mm/s)

S 100
i \ 1 50
SPCC| Weld metal | spcc - 60 0
[ ] 4
_ | ‘ d 20_

1 L ) | L | L L . [
00 -200 0 200 400 -QOO -200 0 200 400

Distance from center of weld metal [pm]]

(b) Line 1 (c) Line II
SPCC side A1050side
(Distance from interface=200um) (Distance from interface=50um)

Fig.3-13 Results of EPMA spot analysis of SPCC/A1050
joint (Welding speed = 30mm/s)
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(a) Macrostructure of weld metal
(Welding speed = 30mm/s)
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Compositions [at%]
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(b) Results of EPMA spot analysis from top to bottom.

Fig.3-14 Results of EPMA spot analysis of SPCC/A1050
joint (Welding speed = 30mm/s)
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Fig.3-15 SPCC/A1050 surface analysis of Fe and Al at
the interface region. (Welding speed = 30mm/s)
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Fig.3-16 SEM image at the interface region of
SPCC/A1050 and the results of spot analysis of this region.
(Welding speed = 30mm/s)
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Fig.3-17 Results of EPMA spot analysis of SPCC/A1050
joint (Welding speed = 40mm/s)

" ERKEKER LTEUHAH



80 -
g -
= 6 —
2]

g -

E 40 |

g ]

g

S 20 -
N o

} it
0 500 1000
Distance from surface [um]

Fig.3-18 Results of EPMA spot analysis of
SPCC/A1050 joint (Welding speed = 40mm/s)
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Fig.3-19 SPCC/A1050 surface analysis of Fe and Al at
the interface region. (Welding speed = 40mm/s)
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Fig.3-20 SEM image at the interface region of
SPCC/A1050 and the results of spot analysis of this region.
(Welding speed = 40mm/s)
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Fig.3-21 Effect of welding speed on the

shearing load of SPCC/A1050 dissimilar laser
lap joint.
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(a) Welding speed = 20mm/s (b) Welding speed = 30mm/s

(c) Welding speed = 40mm/s

Fig.3-22 Tensile shear specimens after testing of
SPCC/A1050.
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Fig.3-23 Effect of welding speed on the joint
strength of SPCC/A1050 dissimilar laser lap joint.
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Fig.3-24 Effect of welding speed on thickness of mixed
layer and maximum thickness of brittle imtermetallic
compound layer at joint interface.
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Welding speed =20mm/s  Welding speed =30mm/s  Welding speed = 40mm/s

SPOC

A1050

SPCC (t=1.0mm)/A1050 (t=1.5mm)
lap joint

SPCC (t=1.0mm)/SPCC (t=1.0mm)
lap joint

SPCC (t=1.6mm)
bead on plate welding

Fig.3-25 Macrostructures of the welds of SPCC/A1050 ,
SPCC/SPCC lap joint and SPCC bead on plate.
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Fig.3-26 Schematic drawing representing the thermal relationship
between the real thermal distribution and liquidus temperature in the
vicinity of the interface of the dissimilar metal joint.
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Fig.4-1 Bead appearance of SPCC/A1050 laser welded
joint .( 2 pass)



0.2mm

A1050 0.2mm|

(b) Space between two beads = O.Smm

SPCC

(c) Space between two beads = 1.0mm

0.2mm

(d) Space between two beads = 1.5mm

Fig.4-2-1 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 20mm/s, 1pass,
space between two beads = 0.5mm~1.5mm)
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A1050
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A1050
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A1050

(d) Space between two beads = 3.5mm

Fig.4-2-2 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 20mm/s,
space between two beads = 2.0mm~3.5mm)
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(a) 1 pass

SPCC

A1050

SPCC

A1050

SPCC
A1050 o 0.2mm

(d) Space between two beads = 1.5mm

Fig.4-2-3 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 30mm/s, 1pass,
space between two beads = 0.5mm~1.5mm)
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(b) Space between two beads = 2.5mm
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A1050 T e = 0.2mm

(c) Space between two beads = 3.0mm

SPUC

A1050 0.2mm

(d) Space between two beads = 3.5mm

Fig.4-2-4 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 30mm/s,

space between two beads = 2.0mm~3.5mm)
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0.2mm

(d) Space between two beads = 1.5mm

Fig.4-2-5 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 40mm/s, 1pass,
space between two beads = 0.5mm-~1.5mm)
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(a) Space between two beads = 2.0mm
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SPCC
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(b) Space
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(c) Space between two beads = 3.0mm

L

(d) Space between two beads = 3.5mm

Fig.4-2-6 Macrostructures of the welds of SPCC/A1050.
(Welding speed = 40mm/s,

space between two beads = 2.0mm~3.5mm)
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Fig. 4-3 Effect of space between two beads on the
shearing load and the width of weld metal at the
interface of SPCC/A1050 dissimilar laser lap joint.
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(a) Welding speed =30mm/s

Space between two beads = 0.5mm

(b) Welding speed =30mm/s

Space between two beads = 3.0mm

Fig.4-4 Tensile shear test specimen of SPCC/A1050.
(welding speed = 30mm/s,
space between two beads = 0.5mm, 3.0mm)
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Angle of bent specimen 6

Fig.4-5 Schematic diagram of angle of bent specimen.
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Fig.4-6 Effect of space between two beads
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Fig. 4-7 Effect of space between two beads on the joint |
strength of SPCC/A1050 dissimilar laser lap joint.
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(¢) Space between two beads = 1.0mm  (d) Space between two beads = 1.5mm

Fig.4-8-1 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 20mm/s, 1pass,
2pass space between two beads = 0.5mm~1.5mm)
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(a) Space between two beads = 2.0mm (b) Space between two beads = 2.5mm

(c) Space between two beads = 3.0mm (d) Space between two beads = 3.5mm

Fig.4-8-2 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 20mm/s,
space between two beads = 2.0mm~3.5mm)
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(a) 1 pass

(c) Space between two beads = 1.0mm  (d) Space between two beads = 1.5mm

Fig.4-8-3 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 30mm/s, 1pass,
2pass space between two beads = 0.5mm~1.5mm)



(c) Space between two beads = 3.0mm (d) Space between two beads = 3.5mm

Fig.4-8-4 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 30mm/s,
space between two beads = 2.0mm~3.5mm)
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(c) Space between two beads =1.0mm  (d) Space between two beads = 1.5mm

Fig.4-8-5 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 40mm/s, 1pass,
2pass space between two beads = 0.5mm-~1.5mm)
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(a) Space between two beads = 2.0mm
[i_._i__,,______ L e - «[ [ J

(c) Space between two beads = 3.0mm (d) Space between two beads = 3.5mm

Fig.4-8-6 Tensile shear test specimens after testing of SPCC/A1050.
(Welding speed = 40mm/s,
space between two beads = 2.0mm~3.5mm)
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