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il

1w R
AllZ, WIRE/ECHABENE, BXEEEICENTEY, EHSRB L L TII®R
ECMIMHLRVWELOFEARSHTHEAIRL TS, LL, ALIZE L0
R THDIID, 8, ~ v, rA4F, v 7x UL, #Hlith, =y Lok
IMABABILFEERMT 22 & CTHRER EOMBWREEONm EAKOND. Ei
Al G&0fEE LT, 1000 FHOH Al &, 2000 FH @ Al-Cu %, 3000 FH
@ Al-Mn %, 4000 & H D Al-Si £X 5000 HEHED Al-Mg R EnEF b b.
Al &3k 2 MR 2RO, WREHITIREL SN TS, ZoBB & L
X, (D8R & bl U TR, BWRIEA R KR E L, BVEERERNFmWIZD, 20
BAERMLETHYVETHICMZ RTNIER LW EMRESMIC LT

REWTED, WHEOT H PR EW@ERKIKE & BRI 1T D KK O G fiEE
CELWVWERDHY, Tu—K—LEZBELLT V@Al TMFE L RE/FE LR

T, BHEOBICHALWEAHERN FICRD Lo AnETFons. HEr,
Al AL BREGR L OBAICHEMBEEL VD &, BA R m I M2 e
EYMOENESERENER2KTFEHELILEFELVESRA TV S.

Al 72 PR G R OHEAE L L CEEB#H4S (Friction Stir Welding : FSW) 23
R &SR, ChADOEAEREETIEAY — L 2 WEAMBICHAAL, #
BY =V EHEAMBIRETAE L DEEAIC L > TR LA M A B (B0
HE) SETHAKZGIENTHS. MENERESEEEIMAUTFTTHS
0, EEBESECHEIND. 2ok, RREHIC X0 G EE S R
ot Al R EOMBICER SN2 2L hot. 1, BRAEBEICERTE
BaEMElTE 2 LA MOBBMIMEEICENL LR EDHEARDH L. &

BEEERAEAIHADERT A OBAEL L THVLLA TV AR AR Y

NABICHRNTHEACLERENIRL RV ERAE L LTETOND. BT
Al BBVEE RPN E <, B AR y NEEZAT O 20 XS MM B X 0 135 2

CREVWHEHEBERALELRD. 207D Al OSEEA T ERIC B\ T B
W AEAIEARELZIERT 200 FHAEND.



FHRY — VRSB EREBEREZEA LR L, #8Y — Lo, EA,
BEE, il b0 4507 vy NoRLIBRIETH LD, BBEEBRES LI
RRVEEY —NOT -7 EERBZEBLRVEETETHD. —KH

BEEPAEA TREARmAEBE LYo -7 Ik Z 0B DICHEE %
R EEDLZETHEENTETT D, —HFTHEY —VEAESIZ, #a/R@moY
—VE N A MBI Z & THEAEHLZERIE L. REFETIE TR
WS Y — VDT 20BN oo, Bl 20X Al Lo RS & Al R

BAELFECEASLHFICB VN TEBNAE TS 5.

% ZCAWFZE TIL, 5052A1 &4 & SPCC o B E A FIloxr LT, Nl
TiIcX e —7/AGRI N 5052/SPCC @ FL L& % &8 x 72 W#iH T Ak &
T, BAFEREZToL. BohMFE2olREAMRABRICHESTL LT, HMF
D EHI B IR ABRE, B S HIBIR, S R m BRI RIET T e — T AR S,
TrFFREHE, ¥ — v BEIEEHE ORI O W THREF L.



2w KREBBIUOERTIE

2-1 MY — )L AL T a & 2

MY — L RESITY — v olEEE, EA, #E88~0EE, 5l EiFLwnd
4ODERAT v T PO RDIZFEFEICV VTN RERAT R EATHD.
Fig.2-1 =T L H212, T FMERLEZY— L 2EE CHRHzSERNS, WiEs
MEmEEMT LI ICELISES. ZolE, EAKELTVWDL Y —LER
BT RO E OIS K0 BN RAT S, T OBEERATHE 2k S
FTCY—LVHKEREOHM LIALBEE THEFICHAIEL. ZLTY—LD
Mz EOBME T 2 2L TFe—7 b5 2505 12X 0 MBI
AL, ToRESEARETMICEEREI T2 2L TEENM TS, *
el — L RS & — 72 FSSW L 0E W% Fig.2-2 (277 . — K72
FSSWHh 7 e —7 i tkoTCHMGLELABRAFOREAZRZEMHY, Yo —744
I SNIZA LML > THEEZBBLTEST20ICx L, BEY — /LK
BEATIIREEFEEZ o — 7 I L o TRIE T MICEEREB S Z LI
XoTH#EATD.

AREBRTIE, Fig2-3 IZr-T Lo, Bt o—TEI0OY—nLZHWNT
Tu—THARES BT a— T BN AL E T D S TR Y — L R B

P

B E1T O .

FEERAEE X, MEHIE SN0 NC 77 4 2GE A #{EF SNC-V2-B) % £
AL, NC 774 AMAKICEYE NC 7r 7 725 bidtrFICLY, TR
DEEEZRETDENAGETHS. BELIE NC v 7 7 ATMAIEREIZEDY
Lk L7z, 20, Y=L OBEHMTH D Ziho R (7 v — 7 i & g
G FEmEOBEMBMBME)ZREL, Y —LVEERBREESLIRY —LOHARES



TR T TANIANNTLHETERAEBTHSL. RFETCITHBAZEET 216 E
BIXOERICEHRNTL2Y 22 ZEER L. Fig.2-4 3 L O Fig.2-5 2R
TEOIE, NC 77 A4 ZAMIZZDBELEY =L ZWO T 5. Y—LBRKROGE
MIZOWTIE®BRET LS. KEROERFIEIZOWTKIZRT .

(DY —=1L&ENCT7IAADF ¥ v ZICHEHETS.

Q) HBRAZHmBICHRET D.

(3) Fu /I nizy — VEEEE, V—ILOMFHAE, REEEZANTS.

W FERERETD. BFREIRBATEY =L EOBICHE VY — b ()& B2,
V=N DT PR RDLHMAEE T D.

(B Y=V EFEHENSL NC 7u 27 AORBMETHD 50mm EFH~BihS
Tk, 7T AEEE LEREIT.

2-3-1 EdH 6 L OB AR IR

RERTIE, fi3li & LT Al &4 5052-H34(KJE 2mm) & 4 [ JE 4E 8 44 C &
% SPCCURIE 1mm)Z Wiz, & O K O % Table2-1 # LW
Table2-2 12777 . Al 44 5052 12 Al &84 0H T Mg IRMERTREDS & D
REWMARBOTHD. A1GEOFR CTHEREDOREZRFOMEE L TR b — &KW
Thbv, MIMH, WEESILS, WMiKkEIEAL TS, SHMHEE L TE—
MM 4, MM, BmWRECICKkAx B THELDA TS, Al 54 5052 D% IZHE
ENTWDH H34 LIFHER SO — 2T, BEMLEAT > 72% I8 150°C Thn#Ek
LZEMLEEZ LEZbDQ/2BE)E V) Bz RT.

FEHLERBR ORI, Fig.2-6 [T X 912 EHIC Al &4 5052 %,
W1z SPCC # Z L Z 4 125X40X 2mm, 125X40X 1mm O HEZM T L= O
ZHWEEAR 4A0mm OELAMF T L THEEY — AV S#ESE1T Y. ABRA O



SFEE ARy FREOSEEAKRBR A TEO JIS i JIS Z 3136) 12K S n
THELZ.

92-3-2 WV — LR

[lgs Y — L m 8 A T, Fig.2-7 CRT LIy —nEMFEnbdr RI L
BROTHEHWCTHESEZIT). BEY —LVRAEAICBTIEELRESR L
LT, Y= v EEEHECHRFFRMO &S REGERELZEIFESEL22ODOMILE
Fomicy —LERLEER DL EZEZLND. ZOI®, KFER TIX Fig.2-8
aRT I, Yr—70kS% 1.0mm, 1.3mm IZELSHEZY — L& T3
NA = 15bmm ICB W TIER LTZ. Y — L OFEMIC O W T FIZRT. v
N =R T — T I EA M Rm e ML, BEAZREEIYE, YT K
FEREWIEEMELE e —T R gEMT omBENEML, XVREMICEEE R D
TEMTEDLEEZEZLND.

ME : SKD61
7a— 7R R VIMIE LD e —TF
7 — 7 EE : 5 mm

7u—7EXMD): 1.0, 1.3 mm

voa L X — % : 15 mm

YV — L DOMEIZA S T EME Z A Z)SKD61 # 7=, SKD61 O {k#
#lpk % Table2-2 12773 . SKD #iix F &M o X 5 7 e s A 6E FHBR BE 0 ik L W
THIZHEHIND. Al 0 BERBHREASCERBHRAEZESICEVWT, Y —1L
OMEELELTHUICHERISRTWS., 7a—7 ORI 10° O F —
—HNONTEY, 7a—THIICRFTYMLERL TWARNWY —LZHW5S.



2-3-3 0 L&M

A TR R/ koI, EEBAEFFEIEL7-ODOMLEMFITEEY — L R#EE
WWBITL2HEEREANTFTHL. MLEFMHFIZLTIZRTEY THD.

v — valfizE E % 200, 300, 500rpm & U, ff AGE S B % O R FFREF (R
A S M) % 30~60s O#iHl CELSHREEEZITo-. ok, BEAERICE
WTY =AM LAREE, Ye—7KED 1.0mm O AT 0.4, 0.6mm, 7' =
—7EIN 1.3mm DAL 0.4dmm & L, Y — A AEEIX 15mm/min T—
ETHD. KEBRTHWDIEEICMERE ST ND NC 7T 422wy, HBRA
T 2HOBRNEHKDERGDEH S (ELMR: 40mm X 40mm) D PR (12 [ #E Y —
NREEEEE L.

YV — )L [E#E 0 200rpm, 300rpm, 500rpm
Y — VS m o AEY
e R I = VI A T s | =

V= L LIAALE : 0.4mm, 0.6mm

i N o : 15mm/min
£ 5 R : 30s, 45s, 60s
2-4 FEAM 51k

Fig.2- 9 I RT Lric7m—T7Eszya vy —4EH»L 7 v —7
FTORILL, 7r—THARED%Z RO LE»S 7 n—7HEOERHE T
DEILTDH. EBEOTr —THARISIEINC T 7 T LCLYRELLMELE
Bin e BEIh, BIEEABMRBRICHET 2AICEELMM L2 ZEME %
AnwTeaRB o7 —7HARSZHELE



2-4-1 7| 5E & A Wik B

HaEBORBA TR AMEER 21TV, 59k A W98 B & OV T 2 78 o FF
MZE4T 5. BliETAWRBRICITIT 2 AT —TTEdBREZH VWS, BTk
KOS RS AW R F 1L JIS Z 3136 IS W THRE L, #BR A ~HEX 40X
210mm, 7 7 > 7 HEMA 100mm & L. SIEGFRAIEEEGKFORFHAIC
*L TAT o 7z

2-4-2 SEM Bl %2 kL U° EPMA 73 #r

A G2 Bk C X SEM(Scanning Electron Microscope, JEOL # JXA-8530F)% {i H
LCUTOFNETHA MmO BMSEMEKBlE LT 72,

O RBRAEAGHPREZ) 77 Ay X —TCTUWL, X—27 74 M REBEIC
M IATe.

@ =7 T4 MTHOIAATZRR T % it K6 B K#600, #800, #1000, #1200,
#1500 TN E LTV, TOBANATZHWTEmME LT 2175 .

Q@ RBARHICERPHTEND L) ICPtAFEEZHOVPLEZARETD. &6
H—Rryr—rEaRBALHECH2D LI T 5.

@ SEM E#&I kv #lgd 5.

] IiF \ EPMA(Electron Probe Microanalysis, JEOL # JXA-8530F)% ffi i L T
HTOMWrimE s L O8RS A W B % OBl oMk 2 T2, EPMA 047 & i
HMERHEICHMS KTz (7 rnbHT7I7nr0REE) EFHERIL
T, B SNTZH o ORETDRMEXBREBRE L, £ OREN L RE % K
LTWORHERDONMBLOEZMD ZENTILO0MERTHL. AERTH
WA RO TH Y, ST InEEE 15kV, B — AFE R 3.0X107°A

DEAFTIT o 2.

—ERFRFR LEOHRER



2-4-3 K& IR T S X T X B R AR

MY =V REBEAICEWT ERE RO Rmn EOREBERE L TV 25 0
ZFET 2728, Fig.2-10 I8 LK O L 9 IC#EE Al 2mm MR TH
FRICTRE 2 LA ZHELERZITo2. £O%, Fig2-11 IR T
FOIERMEERBEOKRTFHAE/S L TR FUBRKZER LEZ. FHNE
IS b —=Y 2 AV, IO BRSNS 2mm O ITREEITY, O
MEPD ETIZ 2mm §FOBBIERNVO TN E2ITo7. 65K MFITHONT
TR AT

Y o— )L el E 0 200, 300, 500rpm
Ta—7 X :1.0mm
V— LM LiAKZE  : 0.6mm

fRFEFEER © 30s, 60s



3w ERER L EE

3-1 Slokt A WralR & o W e s

gligg AW BR%EOWEim~ 27 m 5H% Fig.3-1~18 277, 7L I=0U A
Mk FICRET 2@ EOMRERICE W T, FlIRTABRBRZIT o ZERICIT R 72
LMW RSB SN, T =0 L0 RMFICE T 5 AR S BREH
BV TIE, 2R BAICE N TERE THROBES S mITIh > THIBE L AT
LTWa oD BE SN, ThzimEONE LR L < SRk & s
LT L. TAI =T ARMMFICEL X, Yo — TR0 R EMES —E
BELV ORI RD L THIBIEERNET DI LN oo TR, KRERGH
TIHEBRY e —THARIPEWNTED, FEEHOADNBEINT-OE LS
Zobihd.

3-2 m—T7HARS & GlREEAR®R S ORER

Ta—T7HAREI LR ARR S OERIZOWVWT Fig.3-19~21 IZ7-F. 71
—T7HARSIITAETCHERLZ LD ERERND T — T HOEH E TORS
Lo TERENDHLDOTHD. Fig.3-19 IZ/-T K H 2y — VAl #HE 500rpm
DG, e —7@HARI N 1.3mm A% LR D HBREKVESFETEA R
A e, TN EOEASSFHETIEREADHER SN, ARSI
BPOWTEH 7o =7 ARS 1.4bmm iR ICB W THRARHEZRL, ThU LTI
T —THARIDPDIERLS R DICONTHREAMBIITIE NI 5@ m 2R L7,
RFEFREM Z E O ERME R LB T 2 &, REMR SRS A B S o8 R
AR TH D0, REFFFFHED 60s OHA TIHEGIBEETAWMBI N R RNMEE 25 71
— 7 ARSI 1.5mm & KREL R o7, Fig.3-20 IR T Y — L [al 5 8 fE
300rpm DA TH 500rpm DfE R & FARIZ, 7w — 7 AR S 2 1.3mm Hij

TRHEAARAMEZD, 1.45mm A TEHWIIREAWM I Z/RL7=. 500rpm
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R EHPILFEKTH o2, BERMICEWEL R L. Fig.3-21 IR T
200rpm DA TiX, 500rpm, 300rpm B W THEE R FEHETH 572 1.3mm
A COLEADARTHL ZENERINT. £, 5B AR S 3R KE,
WXy fE & b2 500rpm, 300rpm ([ZH AR TEWEZ R L, HEE I IXFEETH -
7o KREBRJMEFEME TOSEEAWRS O K REITY — v EEE#HE 200rpm,
Tr— ARSI 1.42mm, RFFIFMH 60s (2B 5 4.60kN Th 5.
UEDOENS, SIETAMMBIITY — A AES B LY — L [a#EEE 1T K
ELEKFLTWVD EEZOND.

3-3  £EA S E O g i AR AR

3-3-1 i W7 a8 42

gl AW B % o TR (SPCC) fWrm o —f#l 2 Fig.3-22 (2”73 . #A N
R SN T OMW m I X8EE I (Areal ) CHEHIK T (Areall) @ X 5 7o kF
WEI R ERE N B TE D, T SPCCICH T 54 1 (Areal), fH I (Area
0) o SEM E#% D —flZZ*hnh Fig.3-23(a)B L () iz <4 . Fig.3-23 (a)
WRTHEE L ITHEARD LN RABLER-TEY, BEHMTHLZ LERT
EOBRMFMOLRE THD 5062 64 (Al) OFNFIFITEALBETE 1o
7. — 7T Fig.3-23 (WMIZ R THEE I TIEFT~ I 5% (AlD) DR T 255
DIRBETE Y, ZOHEKPIEASHM THLEZ2bND. £72, EPMA I
KB mHE G EITo72E 2 A, Fig.3-24 1Z/x L2 X 9 (T I IZIXHE FH/ o048
TH 5 5062 544 (Al) O FEFPHER I, LRI TH % 5052 54 (Al) @
WHEICB W TS FEEDOBE %217\, Fig.3-25 1 SEM Hi {4 %, Fig.3-26 (& EPMA
WX Dmaoras Ra2m Lo 0 TIERAINT X9 RABLOER N 6 508,
AWM THLHEMI, FESH THIBEMI OLLELICENTHHFEMOLRE
Td 5 SPCC (Fe) DFFFHITHER SN gh o7z,
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3-3-2 £ & 1 FE I AE Al SR

3-3-1 TR K HICHEMIT (Areall) #8454 m &5 %, Z O %2 H 5 0L
sz bickvEEmBEANE L. oML BEAWB I ORBRKE
Fig.3-27 (T /89 . RHREIC X O FHHB IO (Areall) O mEFE & 51k A WIR S X
HBIRERICR>TnD EERZOND. BHEHR T L2/ % L, 500rpm, 300rpm
AT 200rpm TIEHBMBEAEHENLRES R -oTHEY, RKMELE L TITY
NNV —BENOBELZE 40% THDHH T0mm’° &7 o7, £, glEEAMMS
AEAEHETEH L L TROLBMBEAEBE LD O EEAKR S O FHHE
TN Z4, 200rpm TiE 67.3N/mm*, 300rpm Ti% 73.9N/mm?, 500rpm T
£ 90.6N/mm* & 72 > 72. 500rpm CTCOVEHENBE L 8o TWDH A, LEHEPH &
L Tl¥ 67.4~131.3 N/mm? &, 300rpm @ 57.4~96.3 N/mm?, 200rpm & 47.7
~83.3N/mm’ IR TEL &I REL 2> T, £/, 500rpm TK & 72
BERLOFb e b LolREEAMBIBLOEGEBEL /NI WVETRIZED
DThHhole. ZHUOLORRNOEIEREZ T 52 L CHEAEEMAHMLLIEY
IR S DO\ B2 SRR D 2 ENyhoic.

3-3-3 & IR 1T 2 X\ K B Al T AR

A RE (L FRER) I 2mm MECTHK FRICTIBRE 2L, ERET-
= 3BT D BB AT R SR % O BT I 4 Fig.3-28~30 10" Y. kA& FAR O
MICFEFICT A E 2 L TORERITERTIC-FHOKEFRE I —HOMmMICEET
SHBEDHADERELTIToTWS. BEMEICBOTTFRO TN &Kk X
Ok RICEBH RN AL 2D, THROESFREIZITEEREITEZ » T
WRWEEZDLND., EROBEAREICK LAZTAEHIT —HORELROT
ERBICIIR TAPHEELTBVBEMTAARVIREL Ao TV, it
BRI A B E SRR A E B IS & B B, BV ENIC K o TS & X
SNTLE-RORLEDNS. T HAOBENTATEEMICE L TERAH
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DEEMOTNEDOEE L HOMNMBENL T MR EZERL, Fig.3-31 125
L7z, X7 PABRKICBWTOFREAIZ e —7HEOFLE L, /R LU 2 mo
~/mERECKBTLEATINE xB AR (F%1E), ETFHmE y#iGm (F
ZIE) L7, #EAHNOK TSIy — ol Fm & E CREEHE Y 2B #E L
TV ZENTND. EFROAGE THERMNRSILSBHNAONTLKEFRDOIFTL

FHEASMANICHFEL, TR AMOKEFRITIZTLEAEBEH L T h
o, ZHIFEAWMTII TR E OBl i EB) IC L BEEAEAET L &
THEE IO, ALY AU OEB TIIK FRIEIBE L TRV DER
BFEZIOLTEADIN RO TERWNEZSZOND. £, BEIEL L TIX
METHLIN, 7TAHI=ULOBEGMERFTHLIBIEOBKEEIIZTHHTH
Lo, BAERBMOREGREHAME CH THEABRIIMERIITX2E5E
Zobihd.

3-3-4 £ & &R Wb m B 2%

PEA W O — Bl &2 Fig.3-32 (2~ . KIZ/R L7z Wiim o EBR L1y — v
#24% 200rpm CHERFFHEM 60s, 7 —7 K S 1.0mm, Y — /L LiAZ & 0.6mm
TdH 5. Fig.3-33 I x L2k 9ic, Yue—7H0E F(a), BAHMAEREIND
7' — 7 EEAT T (b), voa v X — s EE () D 3 T TEE R SEM # % D
KB L O EPMA IC KX DD E2ITo72. ZO R % Fig.3-34 ([Z/”T 3 AT
TARTIZEBWT,SEM BB L 2BEBL L TCEERELAYEIXHE cEk
Mmoo, EPMAI X Z2HEAICE N TR, e —7HLE T2 0 T
BEHETOIBCEOHFMAENROONDLN, TN LD 4O T v — 7 47,
a =S EBTIEBEEL LB EMOFEMEE R T LD REE R IT A
biviginolc., Tolew, ERmIZEKR I 2REHILEMEIT SEM ©
EPMA TOBEBL XLV THMBETERVVEREDEITHY, RELSE T EXIC
BWTldeRMtEMoORKEzME TEL2EZ20ND. LALRRL, @R
MILEWEOE SR oMITA LN TETWARW. Rk, Yo —7EH FIZEBIT
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LMD RITMOBEFTICHNTHEREICRD EEZAONDL I L, #AaRE
DOEEEBIC IV MLERBE TS 2R RKRNEEZLND.
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4-1 HERENRITTHEEBE~ DT

3 ETHALEHIC, HAmBEOWMMAGIREAMBIEOm it KEFb
STWD., ZITCTRHEEGRMTFOLPESRBOEIMIIED L) gL K
ETorEELTLH. £, Figd 1l T—HFlzRrT Lo chLnrbIEEEE
bHHEE T ETOHEBEAENRE d, A TH D EEI O E E T o R S

XD ELT, HAEMBNRLED LI ITE{LL TN D EF .

4-1-1 T o —THAES OB

ETNOIC T e —THARI P FORCHEHBICKITTREL L L0
HOMFREY — VAR D L2 Fig.d-2~4 IR 7. Y — VEEEEOE/IC LD
T 7o —THARIN 1.4mm~1.5mm OB CHEAEBEN LB RELS 2> TE
D, 1.6mm fi# CIE/NELRoTWVWDZERGND. ZhiE, BlEWEAWMRE
M@ eb 7 —7HAERIN 1.45mm AiE TH Y, SIREAWMRE &84 H
ErBBLEZHAORMKICHD Z b, HAREMD FEERICSIEE A B E D
<785 14mm i TREL R TVNLIDELEZILND.

4-1-2 PRFFEF O 2 2

Fig.4-5~8 |[ZIRFFHEMH L B2 AL & O PR A =T . Y — L [EEE3 200rpm (2
BT, BEARBMMBRKRLE 2 HEFEMIZ 60s Tho/e. LrL, Yu—7E
E 1.3mm, Y — /A LAAZE 0.4mm & L7z & &, [ URFFREMH 60s (2B VT
LEAHBEN NI RIGERNODL Z ERERINTE. £, Tn—T k&L

V= LAZEEZFECICL, RERHEORZESELSE, REFRFROHE
M~ #amBIciEREREMTIR NN -7z, Y — L AEEH 300rpm
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WWBWTHEAHMEA R KL R EFRFEIL 60s T, Yu—T kI %
1.0mm, Y — A LIAZEL 0.6mm & L7286 1TY — L EEEE 200rpm & [F
BRICPRFFIFRH E EAEmME L OMICEBRETAN RN -T2, T —T kS %
1.3mm, Y— /A LiAAEEZ 04dmm & LELELRKETH- 2. Y — L [H#
¥ 500rpm OB A, BEAHBENKR K ER ST OITIREFER 30s D& & TH o 7=
I —7EI% 1.3mm, Y — A LIALZEL 0.4mm & LA LY —LEER
# 300rpm & RIARICIRFFRER O M0 & & IS HEA T ILM /N3 2 X 5 e m»
Ao, 7rn—7E &% 1.0mm, Y— /L LiALEE 0.6mm & L7 A L
CEHETITo R ERICBEVWTHEH R RELS DR Lo, LRROMKED
ORFFRHOZNEAEBEIZG A2 BIT/ NI EZIONS.

4-1-3 Y — L [A R I FE 0 52

Fig.4-9~11 Y — VR EE L #amME & ORBRKZ R T . ¥V — LB
500rpm DHEA, HEAHBOK KEIX 51.4mm* Th-7-. ZhiE, Exbh?
RRKOBEAEHMBETHLY = LD a VT —RBNOHEBEDOE X% 28.4%2H72 %
BEAEMECTCH L. Y — EEEK 500rpm THEHE G EM A 10mm*~20mm * 2 &
WWHEPLTEY, GVWEAEHEREZELONTEREET Vo2, 300rpm DY
A, BARBORKMEILX 50.2mm° THVH, EAWBERIIN 27.7% Th o 7-.
500rpm (2 R KMEIZ/NEL< o TWD N, i/ TH 30mm”FEE O 4
DFELIL, FHMEELTEH 500rpm & LRI DFER L7257, 200rpm (2T
X, HEAmEORKMEIT 67.Tmm L2 Y, ZOLEDOESHEMEEIL 38.3% T
bole. BRTAHATOLRWEAHEERZ R THANEL, EAHEMELILKT S
Wi, V= VAR — L EERER A TH D 200rpm BN L TV DH EBE XD
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Fig.2-1 Schematic diagram of rotation tool bonding

process.




(a)FSSW

(b) Rotation tool spot bonding

< -

BN Plastic flow area

Fig.2-2 Difference in the bonding process between
FSSW and rotation tool spot joint.



Upper position from bonding surface

Fig.2-3 Relative position of probe tip
from bonding surface by tools with different
probe length.



Cover plate

Fig.2-4 Photograph of rotation tool bonded specimen
and jig.



Fig.2-5 Photograph of bonding tool.



Table2-1 Chemical composition of A5052-H34

(mass%).
S1 Fe Cu | Mn | Mg Cr /n Al
0.07 | 0.25 | 0.01 | 0.01 | 2.61 | 0.18 | 0.01 | Re
Tensile strength[MPa] Elongation[%]
256 11




Table 2-2 Chemical compositions of SPCC(mass%).

C Mn P S

=0.15 | =0.60 | =0.100 = 0.035
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Upper plate
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Fig.2-6 Shape of rotation tool bonded specimen.




Shoulder diameter:®15mm

I_DIProbe length

Probe diameter: ®5mm

Fig.2-7 Dimension of bonding tool.
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Fig.2-8 Geometry of tools employed for rotation
tool bonding experiment.



Table2-3 Chemical composition of SKD61(mass%).

C Si Mn P S Cr
0.32-0.42|0.80-1.20|=0.50[=0.030 (= 0.030{4.50-5.50

Mo V Fe
1.00-1.50(0.80-1.20| Bal




I_DIProbe length

i d:Probe insert depth

Fig.2-9 Difference between probe length and probe
insert depth.
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Upper plate

Lower plate

Fig.2-10 Marking grids around bonding region.



—— Grid line before experiment
—— Grid line after experiment

Fig.2-11 Definition of vector of rotation.
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Fig.3-1 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 500rpm, probe length of 1.0mm tool
and insert depth of 0.4mm.
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Fig.3-2 Continued.
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Fig.3-3 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 500rpm, probe length of 1.0mm tool
and insert depth of 0.6mm.
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Fig.3-4 Continued.




Upper plate Lower plate

30s

45s

60s

Fig.3-5 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 500rpm, probe length of 1.3mm tool
and insert depth of 0.4mm.
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Fig.3-6 Continued.
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Fig.3-7 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 300rpm, probe length of 1.0mm tool
and insert depth of 0.4mm.
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Fig.3-8 Continued.
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Fig.3-9 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 300rpm, probe length of 1.0mm tool
and insert depth of 0.6mm.
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Fig.3-10 Continued.
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Fig.3-11 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 300rpm, probe length of 1.3mm tool
and insert depth of 0.4mm.
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Fig.3-12 Continued.
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Fig.3-13 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 200rpm, probe length of 1.0mm tool
and insert depth of 0.4mm.
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Fig.3-14 Continued.
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Fig.3-15 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 200rpm, probe length of 1.0mm tool
and insert depth of 0.6mm.
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Fig.3-16 Continued.
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Fig.3-17 Macro photographs of fracture surfaces by
rotation tool spot bonding by tool rotation
speed of 200rpm, probe length of 1.3mm tool
and insert depth of 0.4mm.
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Fig.3-18 Continued.




Tool rotation speed : 500rpm
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Fig.3-19 Relationship between probe insert depth and
tensile shear strength by tool rotation speed
of 500rpm.



Tool rotation speed : 300rpm
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Fi1g.3-20 Relationship between probe insert depth and
tensile shear strength by tool rotation speed
of 300rpm.



Tool rotation speed : 200rpm
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Fig.3-21 Relationship between probe insert depth and
tensile shear strength by tool rotation speed
of 200rpm.



Tool rotation speed : 300rpm
Tool insert depth : 0.6mm
Probe length : 1.0mm

Probe insert depth : 1.48mm
Holding time : 60s

Fig.3-22 Two regions in interface fracture surface of
lower plate after tensile test.



10pm JEOL 2016/11/29

. "
10pm JEOL 2016/07/20
R WD 12.9mm 16:19:55

Fig.3-23 SEM micrographs of lower fracture surface
by tool rotation speed of 300rpm, probe
length of 1.0mm and tool hold time of 60s.
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Fig.3-24 EPMA results of lower fracture surface by

tool rotation speed of 300rpm, probe length
of 1.0mm and tool hold time of 60s.
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Fig.3-25 SEM micrographs of upper fracture surface
by tool rotation speed of 300rpm, probe
length of 1.0mm and tool hold time of 60s.
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Fig.3-26 EPMA results of upper fracture surface by

1on speed of 300rpm, probe length

Omm and tool hold time of 60s.
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Fig.3-27 Relationship between bonding area and
tensile shear strength .
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Fig.3-28 Macro photograph of grid point of fracture
surfaces by rotation tool spot bonding by tool
rotation speed of 500rpm, probe length of
1.0mm, tool insert depth 0.6mm.



Upper plate Lower plate Note

Probe insert
depth:1.41mm
Tensile shear
strength:3211N

30s

Probe insert
depth:1.47mm
Tensile shear
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Fig.3-29 Macro photograph of grid point of fracture
surfaces by rotation tool spot bonding by tool
rotation speed of 300rpm, probe length of
1.0mm, tool insert depth 0.6mm.
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Probe insert
depth:1.42mm
Tensile shear
strength:3628N

30s

Probe insert
depth:1.43mm
Tensile shear
strength:3821N

60s

Fig.3-30 Macro photograph of grid point of fracture
surfaces by rotation tool spot bonding by tool
rotation speed of 200rpm, probe length of
1.0mm, tool insert depth 0.6mm.
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Fig.3-31 Macro photograph and vector diagram
showing amount of movement of grid
point of fracture surfaces by tool rotation
speed of 300rpm, probe length of 1.0mm,

holding time of 60s.



Tool rotation speed : 200rpm
Tool insert depth : 0.6mm
Probe length : 1.0mm

Probe insert depth : 1.49mm
Holding time : 60s

Fig.3-32 Macro photograph of cross-sectional joint.



(a)Under the probe (b)Outer periphery of the probe

Fig.3-33 SEM micrographs of cross-sectional joint by
tool rotation speed of 200rpm, probe
length of 1.0mm and tool hold time of 60s.
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Fi1g.3-34 EPMA results of cross-sectional joint by
tool rotation speed of 200rpm, probe length
of 1.0mm and tool hold time of 60s.



Tool rotation speed : 200rpm
Tool insert depth : 0.6mm
Probe length : 1.0mm

Probe insert depth : 1.40mm
Holding time : 30s

Fig.4-1 Two diameter in interface fracture
surface of lower plate after tensile test.
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Fig.4-2 Relationship between probe insert depth and
bonding area by tool rotation speed 500rpm.
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Fig.4-3 Relationship between probe insert depth and
bonding area by tool rotation speed 300rpm .
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Fig.4-4 Relationship between probe insert depth and
bonding area by tool rotation speed 200rpm .
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Fig.4-5 Relationship between holding time and
bonding area by tool rotation speed 500rpm.



o
o

— 70F ]
£ 6ol ]
§ 50} o o o _
3+ O O
o 40 0o ]
_§ 30_— —
m 20+ -

- Probe length : 1.0mm :
10F Tool insert depth : 0.6mm -
0 15 30 45 60
Holding time[s]
80

— 70F §
£ 6ol :
T 500 ] ]
= I
24 °© 9o g |
g 30_— -
m 20r -

10L Probe length : 1.3mm ]
| Tool insert depth : 0.4mm
l l l l

o

15 30 45 60
Holding time[s]

Fig.4-6 Relationship between holding time and
bonding area by tool rotation speed 300rpm .
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Fig.4-7 Relationship between holding time and
bonding area by tool rotation speed 200rpm,
probe length 1.0mm.



oo
o

— 70F .

S 60l o ]

S 50 | i

= Tl

=2 40_‘ O o ]

— O

'g 30— O =

R 20f -
- Probe length : 1.3mm -

10 Tool insert depth : 0.4mm -

0 15 30 45 60

Holding time[s]

Fig.4-8 Relationship between holding time and
bonding area by tool rotation speed 200rpm,
probe length 1.3mm.



Qo
o

— 700 Holding time _
S 60k O 30s )
£, A 455 _
S 50 O 60s -
= _
w8 :
= i
S 30F .
@ 20- -
10- -
0 200 400 ~ 600

Tool rotation speed[rpm]

Fi1g.4-9 Relationship between tool rotation speed and
bonding area by probe length 1.0mm, tool
isert depth 0.4mm.
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Fig.4-10 Relationship between tool rotation speed and
bonding area by probe length 1.0mm, tool
isert depth 0.6mm.
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Fig.4-11 Relationship between tool rotation speed and
bonding area by probe length 1.3mm, tool
isert depth 0.4mm.
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Fig.4-12 Relationship between probe insert depth and
Inside and outer diameter by tool rotation
speed 200rpm.
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Fig.4-13 Relationship between probe insert depth and
Inside and outer diameter by tool rotation
speed 300rpm.
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Fig.4-14 Relationship between probe insert depth and
Inside and outer diameter by tool rotation
speed 500rpm.
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Fig.4-15 Relationship between inside and outer
diameter and tensile shear strength by tool

rotation speed 200rpm.
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Fig.4-16 Relationship between inside and outer
diameter and tensile shear strength by tool
rotation speed 300rpm.
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Tool rotation speed : 200rpm
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Fig.4-18 Relationship between holding time and tensile

shear strength by probe length 1.0mm, tool
isert depth 0.4mm.
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Fig.4-19 Relationship between holding time and tensile
shear strength by probe length 1.0mm, tool
isert depth 0.6mm.
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Fig.4-20 Relationship between holding time and tensile
shear strength by probe length 1.3mm, tool
isert depth 0.4mm.
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Fig.4-21 Relationship between tool rotation speed and
tensile shear strength by probe length 1.0mm
tool insert depth 0.4mm.
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Fig.4-22 Relationship between tool rotation speed and
tensile shear strength by probe length 1.0mm
tool insert depth 0.6mm.
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Fig.4-23 Relationship between tool rotation speed and
tensile shear strength by probe length 1.3mm
tool insert depth 0.4mm.



