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ANGKARN KAMRUAN : INFLUENCE OF FRICTION STIR WELDING
PARAMETERS AND IMPROVEMENTS OF MECHANICAL PROPERTIES
FOR SEMI-SOLID CAST 2024 ALUMINIUM ALLOY. THESIS ADVISOR :

SOMSAK SIWADAMRONGPONG, Ph.D., 146 PP.

FRICTION STIR WELDING/MECHANICAL PROPERTIES/SEMI-SOLID CAST/

ALUMINIUM ALLOY 2024

Friction stir welding is one of solid state welding techniques which provide
good weld joint compared with fusion welding techniques, especially for difficult-to-
fusion welded materials. However, appropriate welding parameters were necessary to
achieve good weld joint with friction stir welding. Moreover, there are a few reports on
welding of semi-solid aluminium. Therefore, aims of this study was to investigate
influence of friction stir welding parameters on mechanical properties of butt joints
between Semi-Solid cast aluminium alloy 2024. Full factorial design technique was
employed with 3 parameters which composed of rotational speed (530 and 790 rpm),
welding speed (22 and 36-mm/min) and shape of stir head (cone, cylindrical and
thread). Based on statistical results, it was found that rotational speed and shape of
stir head revealed an influence on tensile strength of welded joint while welding speed
was not significant parameter with 95% significant level. The stir head D-d ratio of
3 was carried out for mechanical property improvement with cylindrical stir head,
790 rpm and 22 mm/min. The same level of strength as based material was found for
such condition. Thus, heat treatment before and after welding was brought to treat |

the specimen. Specimen was solution treated before welding and artificial aged after



welding. The highest tensile strength of 245 MPa which was 109% of based material

was achieved.
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Supersaturated solid solution (SSS) — GPZ(rods) — S’ (laths) — S (AL,CuMg)(laths)
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23 pszuIumsenlane

A . S "o L4 ' A v
NszUIUMsITeu lavie (Metal welding) Lﬂuﬂﬁ@@?ﬁﬂ 2 U HW30NINN W UFoU 1N

[ [

a 2 a v 3 tg = o tg A o A 1 o o Y a
g u"lNlﬂﬂﬂ'lﬂﬂ'l35'33“5]'JLﬂuluﬂlﬂﬂﬂﬂuﬂl@\‘]Lu@?ﬁﬂ‘ﬂu'luuslfﬂuﬂﬂ Iﬂﬂ“l/l')llﬂ‘l’nﬁlﬁlﬂﬂ
a9

4 [ o ] 4 1 4 < (% a
fnﬁﬁa@Na3anJGUf)\?Lﬁﬂ?ﬁﬂﬁ?ﬂﬂj’lﬂ%@uiuﬁ’lllﬁu\‘]ﬂﬁﬂ\1ﬂ13l%ﬂuﬂ@ lﬁﬂwuﬂﬂa\iﬂﬁlﬂﬂ

a [ a [ U 2 A 1 A A 9
m’iﬂ§$ﬁ1uﬁﬂﬂu1uUinmmﬂan PITYNIT “UUIBON” GlUﬂiS‘U'Juﬂ']ilslfﬂiJﬁ']ﬁJ']iﬂalG]f
a tg v 9 o A a A ] A Y A A Y
ﬂ'lﬁ!.ﬂlllu@']ﬁﬂlélﬂulﬂﬂ\iﬂﬂﬂlﬂﬂﬂWﬁﬁa@Na%a’lﬂﬁﬁ@Uﬂﬁaﬂua%a’lﬂ LW@GlﬁL!u'JLGIf@NVI]lﬂN
< A 2 A v A A
AITULLUILIIUNNUN ﬂ'§$U?uﬂ’lﬁ!ﬂf@ﬂﬁ’]ﬂ’]ﬁﬂl!ﬂﬂqﬂ 2 ﬂiglﬂﬂ D NITLYDULUUIADUASATY
. . 4 < . .
(fusion welding) HALTIFONTNIZUDIY (Solid State Welding)
2.3.1 ﬂ]i!%@u!!ﬂﬂﬁﬁﬂuﬁ%a‘lﬂ
A < v ¥ Vo Y @
f‘l'lilf’]f@iJLl‘]J'UWﬁ@llaza’lf]l,ﬂuﬂ'lislﬂﬂ'ﬂﬂﬁﬂuﬂ']ﬂllﬂﬁ\ifﬂ'lﬂﬂ?'luiﬂullﬂﬂ\i
dy [ a A 1 a I 1 dy @ Y Y da' = o
Lumt’f@ﬂuuitami;m%’mmﬂﬂumm‘ﬂu‘uawaﬂmtazwaﬂuazawmmﬁ@imﬂmﬂumama’mu
RX—Aa o A < @ I ° o ] a Ay A
Llag°]J§'$ﬁ"lﬂflﬂ@ﬂﬂuLN@LEJU@'J'@\H‘]JHLlu’]ﬁll'llﬁllﬂulﬂﬁ'lllGHLLWUQLLaz‘I/'IﬁVI'l\ﬂ/]@'ﬁ]\?ﬂ'lil“]f'ﬁ]ﬂ
a o Y a 3 A A = a 9 @ g’.:
Gl@]“l/l'lclﬂlﬂﬂlﬂuLl,u’)lf]f@llﬂigﬁ'lu Tﬂﬂiuﬂ’liﬁfﬂ‘ullﬂUﬁaﬂﬂa$a18hﬁﬁ18“ﬁuﬂﬂjﬂﬂu ANIYSINT]
Y A a A o 9 A 19 ¥ A a & o = Y
Glﬂfﬁ')@l“])’flllWlllLuajﬁ'@]‘Lell'lulﬂgl,ullu'gl‘]ff)llllﬁgLlﬂﬂiﬂi%ajﬂlmahlﬁhluﬂjﬁﬂ G]N‘]ingﬂflllﬂ'lfl
' o ] 4 4 o 4
NSIFOUUNE (Gas welding) N151%01 L1 (Arc welding) Msi¥ouA18a 1 FD UL a NS
. ., .
(Shield Metal-Arc welding, MAG) m3rouldnand (Submerged arc welding) mﬂ%nﬂﬂﬂqm
o 4 o @
Aaouna (Metal Inert Gas Welding: MIG) M3taou1lnagaualonnasiadau (Tungsten Inert Gas
. A Y ' g A 7 v o
Welding, TIG) M5L¥8NAIYNAITNT (Plasma arc welding) ﬂm%ummiammmmﬁﬂﬂﬂqm
. 3 Y = A v A A Y} Aa X
(Gas metal arc welding, GMAW) L‘}Ju@u "If\jﬂﬁg‘]J'JUﬂTﬂG]f@lllﬁﬂ']u%gllﬂ'ﬂuﬁﬂl‘!'i/llﬂﬂélluf;fﬂ
= 1 ~ ) a a 1 o a 9 Y
1]Nﬁﬂﬂﬂ'ﬁlﬂﬁfJ'L!lL‘].IﬁQIﬂiﬂﬁﬁ?ﬁﬂ?ﬁiaﬂgﬁfﬂfn Lﬂﬂﬁ!ﬂ‘ﬂﬂWﬁ@QﬁTWULLﬂgﬁﬂﬂll@lﬂi?'lllﬂﬂ']ﬂ
= a Qy @ ~ o Y A A 49;
FIAIUNNITUANDUDITUNTU ﬂ\‘]}:ﬂ‘ﬂ 2.7 ‘VI1114ﬁllll@‘ﬂ']\?ﬂﬁﬂlﬂqLLU'JLGH@Naﬂanl’IJﬁ]”lﬂiaﬁg‘wu
(Kah, Rajan, Martikainen, & Suoranta, 2015; Mendes da Silva & Scotti, 2006; Guo, Hu, & Tsai, 2009;

o w

GUERLER, 1998; Fang & Zhang, 2014) 52u845ve1naluduanvaiuisalunisitsende

Y] 1

a : I @ g
aaanria suiuifyrivanvesnsiFeutuuiasuazaly (Mishra 118 Ma, 2005; Baffari,

Buffa, Campanella, Fratini, i8¢ Micari, 2014)



17

g7 2.7 dwmtinazgaunniolunsien Gas metal arc welding
(N) TPBUANUAININAITFBUUVY (Guo, Hu, 1182 Tsai, 2009)
(@) gwgumeluTnsadie (Mendes da Silva & Scotti, 2006)
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(Bechetti, Dupont, J.J. Debar Badillo, & Baker, 2014)
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Source DF | AdjSS | AdjMS | F-Value | P-Value
Model 11 7102.7 | 645.70 16.76 0.000
Linear 4 1636.1 | 409.01 10.62 0.001
Tool geometry 2 334.09 167.04 4.34 0.038
Rotation speed 1 1248.4 1248.4 32.40 0.000
Welding speed 1 53.61 53.61 1.39 0.261
2-Way Interactions 5 5289.3 1057.9 27.46 0.000
Tool geometry*Rotation speed 2 808.28 | 404.14 10.49 0.002
Tool geometry*Welding speed 2 11589 | 579.43 15.04 0.001
Rotation speed*Welding speed 1 3322.1 3322.1 86.23 0.000
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A5 197 4.3 M3 AATITHANNLYTUTIUNMTNABDIVOIANULVILTIAY (919)

Source DF | AdjSS | AdjMS | F-Value | P-Value

3-Way Interactions 2 177.41 88.71 2.30 0.142
Tool geometry*Rotation speed*Welding

2 177.41 88.71 2.30 0.142
speed
Error 12 462.30 38.52
Total 23 7565.0

Source
S R-sq R-sq(adj) R-sq(pred)
6.2068 93.89% 88.29% 75.56%
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Pareto Chart of the Standardized Effects
(response is Tensile Strength, a = 0.05)
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Influence of Friction Stir Welding Parameters on Tensile Strength of Semi-

Solid Cast 2024 Aluminum Alloy Butt Joints
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Abstract

Friction stir welding is one of solid state welding techniques which provide good weld joint
compared with fusion welding technique, especially for difficult-to-fusion welded materials. However,
appropriate welding parameters were necessary to achieve good weld joint with friction stir welding.
Moreover, there are a few reports on welding of semi-solid aluminum. Therefore, aims of this study was
to investigate influence of friction stir welding parameters on the microstructure and tensile strength
of friction stir welding of butt joints between Semi-Solid cast aluminum alloy 2024. Full factorial design
technique was employed with 3 parameters which composed of rotation speed, welding speed and
shape of stir head (cone, cylindrical and thread). Based on statistical results, it was found that rotational
speed and shape of stir head parameters had an influence on microstructure and tensile strength
of welded joint while welding speed was not significant parameter with 95% significant level. It was
indicated that cylindrical stir head with rotational speed of 790 rpm and 36 mm/min welding speed
yielded the highest tensile strength of 212 MPa which was 99% of based material tensile strength.

Keywords: Friction stir welding, Tensile strength, Aluminum Alloy Semi-solid metal 2024
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Interaction Plot for Tensile Strength
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