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Thesis Title Influence of Friction Stir Spot Welding Parameter on Microstructure
and Cross Tension Strength of Lap Joint between AA1100 Aluminum

Alloy and AA5052 Aluminum Alloy

Name-Surname Acting Lt. Suvinai Sodajaroen
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic year 2014
ABSTRACT

Dissimilar aluminums lap joint is applied in automobile industry because a sound joint
between these materials could produce multi-materials structure with flexible properties and
decrease the gross weight of the structure. However, an avaibility of a sound joint welding
technique for joining these aluminums presently indispensable. Therefore, an optimized welding
process parameter for joining this lap joint by various welding techniques is still investigating.
This research aimed to study an influence of friction stir spot welding parameter on microstructure
and cross tension strength of a lap joint between AA1100 aluminum alloy AA5052 aluminum alloy.

Materials used in this study were 1.0 mm thick sheet of AA1100 aluminum alloy
AAS5052 aluminum alloy. Friction stir spot welding produced a cross tensile lap joint of dissimilar
aluminum using various rotating speeds, holding times and tool insert rates. Lap joints that were
produced by various parameters were investigated for mechanical properties and microstructure.

The summarized results are as follows. The optimized welding parameter that showed
a maximum tensile force of 6020 N was the pin length of 1.4 mm, the rotating speed of 3000 rpm,
the holding time of 3 s, the pin inserting rate of 8 mm/min. Increase of the pin length, the rotating
speed and the holding time affected to increase the joint strength of the lap joint. Microstructure
showed a hook-like and a completed combination of aluminum at the joint interface and also

affected to increase across tensile strength.

Keywords: friction spot joining, aluminum, joint strength, hook-like interface
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2.1.3 ogiliflounduinga AAT100 au1iAa199 dans1eee lil

M3 2.3 autiamuniveegiitiounaninia AA1100 [14]

s1a1szneu losiFue (%)
pzQiitn(Al) 99.00
7931A9 (Cu) 0.07
iman(Fe) 0.35
7N (Zn) 0.1
g A A
uinHIFeu(Mg) 0.05
FANOU(SI) 0.25
UM a(Mn) 0.05
A
U 9 0.13
M3 2.4 AUTANNMENNUBIDQUINBUHANINTA AAT100 [14]
AVTANIINIININ NAUBIFNIANIINIGNTN
guUNIMaBNINa) 657°C
v L 643°C
auilszansnmsvensain 20 esrsaited 23.6 um/m.K

15105
ANVUTOUT UM
Anuausolumsinanuden O temper

ANUH UL Y

68x10° m’/m’ K
904 J/kg.K
222 W/m.K

2.71g/cm3
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M3197 2.5 auiiannavetogiittisunauinia AA1100 [14]

Ultimate Tensile Tensile yield Hardness (HB)  Ultimate shearing

Alloy and temper
strength (MPa) strength (MPa) strength (MPa)

1100-O 90 35 23 60
1100-H12 110 105 28 70
1100-H14 125 115 32 75
1100-H16 145 140 38 85
1100-H18 165 150 44 90

gﬂﬁ 2.1 oQiiilaunaNINTA AA1100

9
2.1.4 ogliflouwauinia AA5052 Hawiiaaee asmseae 11

M3N2.6 AuTANIUANVOPNITINNANINTA AAS052 [14]

saiiznoy wlosidud (%)
pqiiiion(Al) 96.3
N93LAY (Cu) <0.024
<
1Man(Fe) 0.360
Fanzd(Zn) <0.01
S Aa A
uiinfiFen(Mg) 2.897
FaNoU(Si) 0.147
UM a(Mn) 0.036
A
U 9

11



M3197 2.7 aUIANNMENINUBIBIITENHANINGA AAS052 [14]

AUUANIIMININ HAVDITNUANIINIYA N
gUNNNaBNINA) 649°C
v iiudiadn 607°C
flse ANTNs VAT 20 DsrITRAITo 23.8 um/m.K

151035
ANuTous UM
anvansalumsinnuseu O temper

ANUH UYL

69x10° m’/m’ K
900 J/kg.K
222 W/m.K

2.68 g/cm3

M31aN 2.8 aulianNavetegiiouNaNinga AAS052 [14]

Alloy and temper Ultimate tensile Tensile yield Hardness  Ultimate shearing
strength (MPa) strength (MPa) (HB) strength (MPa)
5052-0 195 90 47 125
5052-H32 230 195 60 140
5052-H34 260 215 68 145
5052-H36 275 240 73 160
5052-H38 290 255 77 165
gﬂﬁ 2.2 0QiIIBNNANINTA AA 5052
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422 ﬂ”li‘i/]ﬂﬁ’ﬂﬂﬂ'J13JLL"’IJQLLiQﬁQLL‘LI’UﬂTﬂ‘LITVIi@EJL%’OlJ
i 9
U7 4.7 uaaagnuuany A MIRINAIBVOIFUINUNATOULTIAWUVNINDIN
] 1 Y ]
iam%mﬁaﬂmummmmﬂ G?QWU'J']ﬂ']ﬁﬁ\WlﬁWﬂﬂlﬁﬂ%umﬂﬁﬂﬂLﬁﬂWWUﬂWﬁ“ﬂﬂﬁﬂUl!i\‘lﬁﬂ
a 1 @ @ . v 4 [~ 1 a
Lﬂﬂﬁu 3ﬁﬂ‘]5!ﬂl$ﬁ’f) ﬂTﬁWQﬂﬁWﬂﬁﬁﬁWﬁMWﬁ (Interfacial fracture) Wumswanaleusw
a J 4 09)1 1 [ v W 1
’E]HW]@311/‘]?{611ﬂﬂjﬁﬁgl%ﬂuﬂiﬁﬂﬁﬁﬂ%mu fﬂﬁW\TﬂaWSLLUUﬁﬁWﬁMWﬁUW\TﬁQH (Partially curved
. . < o A a Y 1w 1 ] a (Y A ' 1
interfacial) LﬂuﬂTiW\‘]ﬂﬁ1811’1‘U‘il')fl\lﬁlﬁﬂ'W]'Jﬂ’Ju!L@llIﬁﬁglmuUuﬁﬂﬂgﬂﬂiaﬁgﬂfﬂﬂllwua?ﬂ
o 4 < @ { a (%
uaxmiwqwmmmuﬁ’amﬁ@uaaﬂ (Nugget pullout) WumsianaeNus Ve uLIAINIY

@ [~ @ @ {
AanNYUS ﬂé}'lﬂﬁj':lﬂ Wumsiananemitie [29] 431Un 4.7

U
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T .
AAll AA1100
oo

ﬂﬁ 4.7 sﬂuuuaﬂym ﬂﬁ‘W\W]a18"1]6\1“]51!\1"I‘L!‘V]ﬂﬁi’]‘]JLLiQﬂQLL‘]J‘]Jﬂ"Iﬂ‘]JW]iE’)EJL‘If’E)lJ

() Interfacial (V) Partially curved interfacial Q)] Nugget pullout

~ 1 < = A 9 =
?J']J‘VI 4.8 UEAIAIANULUILIIALUUNINUINTDYLEDUAIYUTAUTIANIUNIU
HUUYA ﬁﬂ’JAIiJEJ"I’J’]Ja”IEJéf’Jﬂ”JH 1 mm 282MIFAAINIY 1.2 mm Lﬁﬂﬁ”lﬂ”lil%ﬂﬂﬁﬂﬂ”lﬂﬂll“ﬁ
1 @ o < (L [ 4 '
ANNU Llﬂx‘ﬂTV]ﬂ'ﬁi’]llﬂ”J"IllLLGINLLﬁQﬁ\ulll‘]_lﬂ'lﬂll"l‘ﬂ WU”ﬂﬂ?ﬂ'JTNLLGUQlliﬂﬁﬂmﬂﬂﬁﬂﬂl%ﬂﬂﬁﬂ"l
1 o § a 1 Aa o W @ 1 < qul ' 4
ANNY Lﬁ@WﬁnimWﬂTﬂ’ﬂﬂJq\igﬂﬂiﬂN’JﬁllNf’fﬂéﬁEJ@]%ﬂl@ﬂﬂﬂTﬂ'ﬂllLHNuiﬂﬁﬂuu W'i.l')”llﬁﬂ
& A o & a o o Y A1 o @ A
ANITNITLIFDULIATNALUBTUATIN %Qﬁﬂﬂﬂgﬂﬂiﬂﬂ'ﬂwq\iﬂﬁﬁﬂWﬁﬂaTﬂ@]gﬂlﬂﬁJﬂWﬂ ﬂ\izﬂ‘ﬂ 4.6
£ o Y 3 = A Ao ~ < %
“]5\11/]1114?’11?131%“‘1]\1“5\1@\1 LUUNNUINTDUFDONUAIA LTAIN ANLITITOUAINIU 2,500 rpm
1 1 <3 =2 A T A VA d? A 1
nanauy 2 s Uszinamanuuyasiaem 2,310 N U a I naLBNNUUNLIANALY 3 s
1 A o o 9 A dg’ o ~ (] Y <3 = A d?
NUNANUFINITUNTAQYASUDINNUU ?’NETJ“V] 4.5 ﬁ\iWﬁi'ﬁﬂﬁUJ!L"’ll\‘llli\‘]ﬂ\illﬂﬂﬂWﬂ‘UWVILWNGUH
1 < =2 A A A d? [ Y < =
UszuanIn NS AN 3,780 N uagmanmﬂmmwmmmNaﬂlﬁmmummmmuu
= 9 [% A 1 [ =2 A = .
NINUIN mtuﬂuua@mmgﬂ‘n 4.8 U521UAIANNUVILTIAN 3173 N %3 Bozzi et al [30]
Y Y1 oo A a d? A Qs,l = o o o <3 =<
hlﬂ'i'lﬁl\‘]'luhl'J'JTﬁﬂ‘]elﬂ%@]%sllﬂﬂlﬂﬂelll‘lﬂﬁlcluiﬂfl!f]ff)iJuuﬂJﬂ'J']jJﬁllWu‘ﬁﬂﬂﬂ']’lul!ell\uli\iﬂ\‘l"llﬁ]\‘l
A 2 D) ' v < = o £ ¥
I98L¥DU G]Nﬂ'ﬂﬂJEI\?EUfNﬁ361191«!@ﬁlﬁ\iﬂﬁslﬁﬂ'ﬂillml\ulﬁﬂﬂ\‘l@n ﬂ?WﬁJgQﬂl@QﬁgﬂJ@NWﬂﬂluﬁ\?Wﬁﬁlﬁ
< = A A yoo < A ' )
HAUILEIIAIGFIUY G]f\illﬂ'i‘ﬂNaﬂ'ig‘Vl'UEU'Iﬂﬂ??ﬂ!iﬁi@ﬂﬁluﬂ"lﬁlcﬁﬂullﬁ$L'JaWﬂﬂLLG]f IA% Yasunari et al
Y Y A o o 9 A d? A 3 d? [ <3
8]%@518\111&1?319'Janzf'\'i"U'ﬁNW'JﬁiJWﬁﬂﬁWﬂ@]gﬂlﬂLWNﬂJu']ﬂ“lIUﬂﬁaaﬂaﬂuu VHBYNUAITNLT
A o Y o A =\ A [ Y a @ @ ~
3@UL!a$L'Jﬁ'lﬂluﬂ'l‘iﬂﬂll"]ﬂflﬂTI’Tu@liﬁﬂﬂlﬂi@ﬂuﬂﬂfﬂﬂllagﬁﬁNﬁﬁlﬁlﬂﬂaﬂymgﬂ']ﬁwqwa'lﬂﬂ

LANAIAY
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5000

Rotating speed (rpm) &3 2500
4000

3000

2000

Cross tension force (N)

1000

Holding time(s)
H < [N <
z‘l.]ﬁ 4.8 Naﬂ53‘VIll"U9\1ﬂ'ﬂlllﬁ?ii’]‘]J!,La$L3ﬁWﬂﬂLLGIW]?]FI’J"IiJLHNLLﬁQﬁQLL‘UUﬂ"Iﬂ'U1TI AINNYI

12196207 1 mm

1 $ < [}
ﬂ13‘1/]ﬂ'ﬁi’]‘]_ILlj\‘lﬁ\?LL‘]J‘]Jﬂ”Iﬂ‘]J"IT]W‘]J”J”Iﬁﬂ'ﬂ?JLi”Ji’t]‘].lﬂ?ﬁﬂ:]l! 2,500 rpm LIQ1NALLY
£ g A ~ 1 3 2 o 1 @ A a d?
2 s "])’x‘]ﬁJ‘L!ﬁﬂT]gfﬂ5&‘11@ll'VILLﬁ@Nﬂ”Iﬂ']]‘JJLLGIJ\uLiQﬂ\WHEIﬂ NUIMNITWINAYIDYLFDULINAUY
a v @ { v 5 g Aa o 1 &
UILIUNITINIU L%ﬂﬂ?WﬂWiWQT]ﬂWﬂﬁﬁfhﬁ?JWﬁ [29] Gd]ﬁﬁuﬂﬁﬂWiWﬂﬂﬁWﬂﬁﬂJTﬁﬂuﬂﬂL‘]Juﬁ’t’)\i
1 A A @ 9 . I o A a dgl a
graunerImMsnanateaiuly (Interfacial fracture surface) [31] WUMTWINa18NNAIUVTIUNS
U (Stir Zone) TnALNUAINIY (Pin) BAIMIHINaWTANNUFVTZANUNOIVAIGA 1T109910WA
= Y d‘ o Y dy d‘ o Y a v A
GII'E'Nﬂ'l3m’flﬂ°VITLJﬂ'Juéllﬂ\?@?ﬂ'luclUﬂigﬂ'Juﬂ']'iLG]f@iJﬂWiﬂlu@Iaﬁgl"F@N‘ﬂWGlﬁ!ﬂﬂﬂWﬁllﬁﬁﬁ'J!ﬂﬂ
3 A o o o 1 4
Wugdnssirdudaglnsendieazve (28] uazniud1A10nUeg19dn1yT0i(Bonded Complete)
[ <3 { { 1\ < o
aegiassvmaan U0 4.9 (W) waz §UN 4.9 (A) WUNHINTWINAWAIUUDN (Outerrough
< @ Aa g a / L - v
surface) Wunsiana1efaduu3 el Thermo-Mechanical Affect Zone (TMAZ )Gdﬁqn,ﬂumnmﬁ
& A Yo 9 a " o Y a =< A
Lu@Ia‘W$l“]ff]llulﬂTUﬂ’ﬂll3@uﬂ1ﬂﬂ'lilﬁflﬂ“ﬂ'lulmé‘iLl'i\?ﬂﬂi]'lﬂ‘U'lﬁ')ﬂ'luifl'lsl,ﬁ!ﬂﬂﬂ'lilﬂ'lgElﬂ“l/l

Y]

a o W < a @ 1 {
AYAUAA (Bonded Interface) tHumal#nuneiviianasasnssymnalug deglin 49 () uay

517 4.9 () FIAA1BATINDIIUITEVDI P.-C. Lin(2008) [31] 118 V.-X. Tran(2009) [32]
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Stir zone

() & A () du B (@) C

Y v 4 H d ' v
g‘l.lﬁ 4.9 ﬂ'liW\Wlﬁ181“11@\15@8&‘?5@3Jﬁﬂ’31mli’3'§®ﬂ 2500 rpm IDNALY 2 s nanuendary

AN 1 mm

(M) A (1) §1u B @) duc

|l o L 1] d f 1]
57 410 msWanarevesseuFoNNANIEITOV 2500 rpm AINALY 3 s NANNEIIA1E

AN 1 mm

{ < [ @ {

gﬂﬁ 4.10 LAAIHNANTENUYDIANWTITOVLALLIAINAUTABNITHINA197

< 1 | 4 { 1 < 1
AINLIITOU 2500 rpm LIDNALY 3 s HJuﬁﬂT'JgﬂTiL%@Nﬁ!LﬁﬂQﬂTﬂfJ"lﬂJLHNLLiQﬁQ@JQf‘!ﬂ WUN

Ed 1 Y
miﬁmmmﬂﬂﬁumnmi&’mﬁamu 566&%611Lﬂﬂﬁ]”lﬂfﬂiﬂ’J‘L!L%Tﬁulm%ﬂ1ii’3uﬁ’ﬁ]@ﬂlﬁ@

]
=\

4 4 1 ] § 1 a a ]
Tanizi¥on (bonded) AWYINI AINALY 2 s FINUNToglHoundnsa AA1100 Anogh
uru TaneI B NUAUAINAAS052 VWA IINMTHIna1edanaliveumsnanateldnyay

[ ~ d' a [ o d' ' [ I
puuiuilaidagli 4.10 (p) eWasanmsiesesmsianalssoson WuNMIHINalely
1 < y A o 4 1 <
LUV Partially curved interfacial [29] 0614 150013 1BNTUINIHIND0VBITBUFOUNAMS
Y Y '
59U 2500 rpm A NALY 3 s 1 JUuuumswanate Ly ldinaduiuninumsirens gy
Faqounamanaqion Azl 4.10 () nazdsgd 4.10 (A) iseninseeFoud laninns

4

A A [ 1 A
"]f’f)jJ‘Llllﬂ1?1’313JL!"]NLLNﬂ’JﬂE1W$L%’E)3J [22]

o—
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423 miasnaeuInsediuganinsosion

e
}/¢
14
I

Sl Tt o

Completely

e _

Ygnc e a R AAS0S2 ¢ 550 um |
W L e SR S et
(V) Iﬂi\‘lﬁi'l\‘l%'ﬁﬂ'lﬂ5@8L%@Mlﬁﬂﬂ1’l1uﬂ'}ulmﬂﬂﬂ NIANALLY 3s

‘]Jﬁ 4.11 Iﬂiﬁﬁi'NiJ“Viﬂ'Iﬂiﬂﬂl"]f’ﬂulﬁﬂﬂ‘ifl'luﬂﬂulmﬂﬂﬂ ﬂ')'lﬂJli’Jiﬂ‘iM’Jﬂ’Ju 2500 rpm 1281

ALY 2-4 s NIAIVYIY 50 x

51U 4.11 naaslnseadieganinsealoudeanunIuILLYR NAINALY 2-4
< % o o w 1 a a
ANULIITOUAINIU 2500 rpm A881710a19A47 1 mm N1asveny 50 1N ATIVADUUINIUNITLINA

Adudandoazuo F9NNa1NAUY 2 s  INANITWINAEMININAouUUNTFUNa [29]

€

1319 4.9 WeasrvdeTnssade nunuinulnddatsdiniu (pin) mansnamdaleny
] [] 4 a U a a 4 a 1
pg19 luawysal AwnIUTUNTNIY (Stir zone) Yos taznUNUTNMBUMES WaAa Tnas

42’ o Y d' :/‘ d' a = [ . U a a Y
Vi Tanzivounsaeusouaaeau19aIu (Partial bonded) WuUSHaVTNHA AU
INATF0I91 (Gap) Tz TanziFoudunaninms lusmainuves Tanzibon aegli 4.11 ()
= ~ 3 d' ~ =3 19 d' A d' 9 ]
wan1Inszeznar lumsdsamuniuindy iWwenlSeusususes¥eundseudisiainany

Aq Y1 < = o ] ) ] a O 4 a R
3s °V|Glﬁﬂ']ﬂ'J'uJLLGU\‘]LﬁQﬂQZIQﬂ'J']uu ﬂgLﬂu"lﬂ'nﬂj']uﬂ'n\iﬂﬁnmﬂ’]ﬁﬂj”lwumul!agnﬁnﬂlﬁlﬁﬂ']
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% Aa a 4 Y] { 1 1 a a YY)
dnrunedumesadnyasuuuiuilal vazinanaus 4s WUNANUGIVITIURITUA
9 [ A
AABAZYRANAIAIZUN 4.6
4 3
42.4 miasnaoulaseaduunniasooson AuE300UNIHYUAIU 2,500 rpm
4 i - da e
71N 412 uaaITeHI¥RNAIBLIUTIANIUNIULLVYANTIAINALFAIINY
1 o o di s A 9 1 d' A v I [ ~
NUNUAINNMINMIFoNIaTTovIoslngnseareulanyaziluinay Aeging4
HAZNUNUSIUVDUIBUFDUNAATUFUNANINMTUTUTIATUAZUTINAVIAINIU 1 1HIRa
v dg‘ 1 Y a = a A 2 A 4 A
MIAUAIVDIUND TanzdanalMNanT UUTNAVB VLU AUFDUFINANUANURASTLUI 1 mm
=1 d‘i a a 9 d' =1 =1 d' d' LY
wazinugelszana 0.4 mm WerNTaAIMINTeFON/TsINBUTOERUN IAINALYA7
1 [ 1 { < ] 1 a 4
AIUANNY AD 2-4 s WUIINANNISITOU 3,000 rpm 1IAINALY 2 s AdHa 17 AINTINTBIFONIT oL

& o = 1 = ~
lﬂJ‘LlllLl’J"l’J FILANAWITNAINLTITOU 2,500 rpm gﬂ‘i/l 4.4

< 1 < '
(1) ANUEIITOU 3,000 rpm LIANALLY 2 s U) AWLIITOU 3,000 rpm LIAINALY 3 s

‘IJ‘?I 4.12 ﬂﬁlﬂﬁﬁl‘ﬂmEI‘UW’]‘H"HTD'E]EJLG]S’E]MﬁEJﬂVI'IHﬂTIMLL‘UU‘ﬂﬂ ﬂ'ﬂmi’)i@‘ﬂ 3,000 rpm

< 1 < '
(1) ANUEIITOU 3,000 rpm LIANALLY 2 s Y) AWLIITOU 3,000 rpm LIANALLY 3 s

ﬂﬁ 4.13 IﬂiQﬂ'ﬁNiJ“ri’ﬂ1ﬂifJEll“lffJiJlﬁElﬂﬂ'luﬂ’JuLL‘UUﬁ]ﬂ

d’ d‘ o Qy d‘ [ 9 1 d' a
51N 4.13 !JJ@‘L!'l“]ﬂN'lul‘ﬁ@ﬂJﬂJﬂﬂIﬂ’iﬂﬁiNiJﬁﬂWﬂ wunmelusousouina

U

=

A o W F) & (% 1 a 9 9 =S S o
E'IJ“VI'J'\‘IN'JETMWﬁﬂgﬂ‘ﬂﬁﬂﬂﬁWﬂﬂ%ﬂl@ G]Ngﬂ‘ﬂﬁ\iﬂx‘lﬂﬁ'I'JLﬂﬂ%'lﬂﬂ')flﬂ'ﬂui@ul!iﬂlﬁﬂ@ﬁﬁ]']ﬂﬂﬁ'lﬂﬁ’)

@

@ [ Y] o Y dy @ U % o Y a Y dy A
UsznounuIsINAINUIAINIU ﬂﬂmumﬁﬂaaumm [27] 1/]TGlﬁlﬂﬂﬂWﬁllﬁﬁﬁ?m@ﬁlu@?ﬁﬂﬂ

a

F4 4
@ 1 @ @ a g Aa o w
gawanassiuannniuuaz vadru lddwueninailluginssiaduiaginsandienzve [28]
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b5 Rotating speed (rpm) 7] 3000

T

0.5 %/ .
0.4 7 %/

0.3

High (mm)

0.2

0.1

7

2 3 4
Holding time (s)

3 a o o @ <
gﬂﬁ 4.14 mmqqmauwﬁﬂé}wm% AMNE1IYA19AINIU 1 mm AWSITOU 3,000 rpm

A = a v W Y A =
71U 414 MmynfFeuanugeiidudaadignz veveaToaIFONITEANIUAIY
o 3 [ ' 4
HULYA ANNEUa1wAINIY 1 mm ANWTITOV 3,000 rpm IANALY 2-4 s NUIULDAN 1IN
Wounanausimmdwa ldanugeiduddzlnsindroazved Nanaus 2 s AUGIVY
i ] ' E4 9
AzvOMAY 0.417 mm WoranaugaInIumuIudwa ldanugeirdudaadronzvolingadu
A [ Y = v A 1< [ A dgl [ Y
N@naus 3 s 11AIAINGIAZUBGARAY 0.535 mm UAIBANNIGITOUAINIUNLYUAINA Y
a o o o [ < J {
anugaidudandieazveiinua Tdudaeszauaus 170D AIANNEIAZ YD EURAY 0.44 mm
Aa31N 4.14
) ,
4.2.5 MINAFDUANVUANUTIAWVVNINUING DYDY
~ 1 <3 = A 9 =
JUN 415 1aAIIANULAYINT IV TAINYINI BBIFDUAIBLITITIANTUNIY
uuUA 1ANe191/a1EINIU 1 mm I282MIAOAGINIY 1.2 mm WoR M FeNiIaInaLY
At wagshmadeuauudas s nunInIn nuhaanundwsiaveseaeniia

1 o § a 1 a v o @ 1 < z 1 4
ANNY Lﬁ@WﬂﬁmemmqqgﬂmﬂmfmNﬁﬂfﬁEmz"U?Jﬂ‘ummmwmuﬂﬁﬂuu W‘U'ﬂlﬁ’ﬂ

'
! o 2

tﬂ' [P= o' d! ] a v W Y = d‘
ANIITNITIFDULIDAINALTUATIN GIN?NWazﬂﬂiﬂﬂﬁ’luqx‘]W?ﬁuWﬁﬂﬁWﬂ@lgﬂlﬂNﬂWQ @Nzﬂ‘ﬂ 4.14
£ o Y1 < = A A1 o A < @
G]N“VI111’1?]'lﬂ'J'lﬂJLLGU\H!ﬁ\‘]ﬂ\‘]LL'U‘Uﬂ'Iﬂ‘UTﬂi@ﬂl“ﬁ@umﬂ’lﬁ’l UHEAINANULTITOUAINIU 3,000 rpm

1 J < { 1 A 1A 1 { 1 1
LINNALY 2 s ﬂizmmmmmummﬁﬁﬁ 3,340 N ngﬁawmﬂmmwuﬁuﬁnmﬂmw 3sNUNM
A o o 9 A 2 o A ) y < = 4 £
ANVGINITUNTAIYASVDINNUY ?’Ngﬂ‘ﬂ 4.5 'E‘NNalﬁﬂUTNLLﬂJQLLiﬂﬂQLL‘U’UﬂTﬂU”IT]LWlI"UH
Y

' I { 4 VA ' <
ﬂi%ﬂ1mﬂ1ﬂ311ﬂ!f’ﬂﬂuiﬂﬁﬂﬁ 4302 N uamﬁﬂnmﬂmmwuﬁumwaiﬁ’mmuwumﬁumu

= Y o ~ 1 3 =< A
NINUIN MLLH’JIU?JEME]WNE‘]J‘VI 4.15 UszunIAuasInen 3,561 N
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5000

Rotating speed (rpm) [ 3000
2 4000
B . %
=
o
T 3000 7
e
E
g 2000
=
@)
1000
0
2 3 4
Holding time (s)

Y <3 [N <3
51Jﬁ 4.15 Waﬂﬁgﬂﬂ"’uﬂ\‘]‘ﬂq'lulﬁ’)i@‘ﬂllaglﬂa'lﬂﬂllf]f@]@ﬂ’ﬂ']ulLﬂlQ!lﬁ\?ﬁ\j!lUUﬂ']ﬂU']ﬂ AN

Y

12196109 1 mm
. . Y Y1 v A a 421
Bozzi et al [30] u@g Yasunariet al [8] Tassau 3 ndnvazazveninavy
A Qle = 1% o Y <3 = A =& 9 1
MelusoaouiuLANUFNTUTAUANVLAIIIAIVDITDBIFON FINUTIVRINSYDUDYAIND
D} < 2 o 2~ Yy < = 2 2 gy
110598981 ANV VBN A INA TR P39Iy 9 IdSURanszNUIN
<3 4 1 A o W A 4 z
Ausseu lumsiFontazIaINALy HazANgIveIHIFuATAR WAz YBINLTUNT DAAALIIY
d? (%] <3 A o Y o A A A 1 Yya o
YupgnuANUITITPVIazNA luMINAUFIMHUA NN Bl LA daNa THINAdN YL
AININDNUANAINY
v d 1 1 -7 §
31N 416 uAAINANTENUYDIAINIFTITDVLALIAINAUFADNITHINA18N
< ' 3 4 4 ' 2 ° '
ATV 3,000 rpm NANALUT 2 s 1T UAN1IZMTTOUNUTAIAIANULTIUTIAIRITA WU
Y I . S . Y a g a [
MININauDY Partially curved interfacial [29] Msanarenavuyusnulduidiniu see
A a Y o %] dy A < Y & =
FONINADINNITNIUVINULALNTIINAIVOUND lanizi¥on (bonded) 11T DY FINDII
pgillllounaunga AA1100 Anogiuru TansIFouIHIAa1NAAS052 VAU LAZIINAITHINAIY
[l o @ [ { ] < 4 a
danaldveumswanaelianvauzunuiludar degiin 4.16 (m) ed1alsnan iWennsmng
[ Y ¥ 0

Wana1eve95001F0N JUHUVMININAIBAATURIUUTIUMTFOUTEHIUALT T TN
VNI uananTagren d93UN 4.10 (V) wazaezln 4.10 (7) lesnnsearoun ldvinns

A dyd 1 [ ' A
lflf’f)ll‘Ll11i’ﬂﬂ’JﬁJllelNuiﬂﬂ’Jﬂaﬁzl%’f)ll [22]
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AN 1 mm

1} d L v {
Eﬂﬁ 4.17 U/ﬁﬂ\‘]WaﬂﬁgWU“II'E]\3ﬂ'J‘l'lllj'JifJULlag!'Ja’]ﬂﬂllﬂfﬁ@ﬂWﬁWﬁVla’]ﬂﬁ

< 1 [~ 4 { 1 < 1
AULIITOY 3000 rpm LIDINALY 3 s !1'uﬁﬂ’ngﬂ'ﬁl%fﬁ)llﬁllﬁﬂ\?ﬂ']ﬂ'ﬂllll“ll\?l;lﬁ\iﬁ\?il\iq@l WUN
E4 ] Y
ﬂ’l'iﬁ\‘]“lflﬁ’lﬁllﬂﬂsﬁuﬂiwmﬁléfﬂﬂlﬁﬁﬂﬁu '5f]ﬂl%ﬂlﬂﬂﬂﬂTﬂﬂ']iﬂQUL%}WﬁJHLlagﬂ'l'i'iﬁugl")“llf)\ilﬁ@

a A

4 J 1 [ % 1 a 1 H
Tawzi¥ou (bonded) ANYTHINIT IAINALY 2 s FINVNNoUITONHTUINTA AA1100 AADETN
U TansFoNUAUAINAAS052 VNAIUIaZIINMIHIna1edanaliveumsnanaleldnyay

[ ~ A A @ @ A [ @ 3|
puuula1aagln 4.17 (a) WeNITRINIINITEENTHINAWIBEIFON WM IWINaI81] U

1 < i a o 4 1 <
LU Partially curved interfacial [29] 0614 15013 1BNTUINTHINA0VBITBUFOUNAMS
.2 o o de Ao 4 v (4

591 3,000 rpm IAINALY 3 s HUMIWINABNAN TN A3 4.17 (v) uazdaziin 4.17 (A)
A A ~ 9 A dyd 1 < 1 A
111999105081 N 19NN IO NTNAIN MUY ILTINI Tanzidon [22]

4.2.6 M3nTIAU InTIAS AN INTOBI VO
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Pal bone _ BN Unbonded

18 iLd :
lnterface (f

B

L. ]
/8 46

I
|

] i
|

I g3

|

¥

|

|

|

sl AL
S A
e

l.

Partial bonded

I i
(¥) TA59a5 191 NIATRBFEMTEANIUNIULLILYA 1D INALY 3s

M ' d o
g‘lJle 4.18 Iﬂi\iﬁ%}NNﬁﬂ']ﬂiﬂﬂl%@ntﬁﬂﬂﬂ'luﬂ’)ul!ﬂﬂﬂﬂ ATULIATOUAINIAU 3,000 rpm

[

ARV 50 x

517 4.18 naaslnseadieganinseeloudoanuUNIUILLYA NAINALY 2-4
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Abstract

This research aims to study an effect of friction stir spot welding on the Iabjoiht cross tension
force between AA 1100 aluminum alloy and AA 5052 aluminum alloy. Welding parameters in this
experiment consisted of a rotating tool of 2500-3500 rpm, a holding time of 2-4 seconds and a feed
rate of 8 mm/min. The summarized results are as follows. The optimum welding condition that gave a
maximum cross tension force of 4920 N was the rotating speed of 3500 rpm and the holding time of 3
seconds. Increasing of the rotating speed and the holding time was affected to increase the joint
strength. The macrostructure investigation was found that the width of the Hook-like interface was

increased with the increasing of the rotating speed and the holding time.

Keywords: Hook-like interface, Friction stirs spot welding, Joint strength
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