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Thesis Title Friction Stir Spot Welding Parameters affecting Mechanical Propertiesof

lap Joint between AISI 1015 Carbon Steel and C11000 copper alloy

Name — Surname Mr. WorapongSawangsri
Program Manufacturing Engineering
Thesis Advisor Assistant Professor KittipongKimapong, Ph.D.
AcademicYear 2015
ABSTRACT

Friction stir spot welding is one of the welding techniques which has been efficiently
implemented in metal welding. However, applying this technique for joining metal and copper has
some limitations. Form this reason this research aimed to study the effects of welding parameters of
the friction stir spot welding on the mechanical properties of AISI 1015, the low carbon steel, and
C11000, the copper alloys.

The materials used in the experiment were the AISI 1015 carbon steel sheet metal and the
C11000 copper alloys with 1.0 mm thickness. The parameters of the lap joint welded by the Friction
Stir Spot welding were the rotating speed of 2,500-4,000 rpm with 2-8 second holding time, and 2-8
mm/second feed rate The lap joint obtained from the welding was utilized as the study parameter for
investigating its hardness, strength, and microstructure.

The experimental results concluded that the optimum welding parameter providing the
highest strength (4715) was the rotating speed of 3,500 rpm with 6 mm/second feed rate, and 4
second holding time. The increasing of the feed rate and holding time of pin insert resulted in the
decreasing of the height of the welding edge under the pin insert, and the strength of the lap joint.
Additionally, the increasing of the amount of copper alloys at the contact interface of the overlap

edge increased the shear strength of the lap Joint.

Keywords:friction stir spot welding, lap joint,tensile shear strength
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2.1.1 wannan (Steel) [8]
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4 7 . < s
ﬂ]i]x‘iﬁ 2.1 mmJﬁzﬂmﬂawmwummmaﬂﬂﬁﬁmimumummgm ASTM [8]

Steel designation Chemical composition limits, %
SAE or
UNS C Ma P(a) S(a)
AISI No.

G10060 1006 0.08(a) 0.45(a) 0.04 0.05
G10080 1008 0.10(a) 0.50(a) 0.04 0.05
G10090 1009 0.15(a) 0.60(a) 0.04 0.05
G10100 1010 0.0870.13 0.3070.60 0.04 0.05
G10120 1012 0.10—0.15 0.3070.60 0.04 0.05
G10150 1015 0.1270.18 0.3070.60 0.04 0.05
G10160 1016 0.1270.18 0.607—0.90 0.04 0.05
G10170 1017 0.14—0.20 0.30—0.60 0.04 0.05
G10180 1018 0.14—0.20 0.60—0.90. 0.40 0.05
G10190 1019 0.14—0.20 0.70—1.000.  0.40 0.05
G10200 1020 0.1770.23 0.30—0.600.  0.40 0.05
G10210 1021 0.1770.23 0.60—0.90 0.04 0.05
G10220 1022 0.1770.23 0.70—1.00 0.04 0.05
G10230 1023 0.197—0.25 0.30—0.60 0.04 0.05
G10250 1025 0.2270.28 0.30—0.60 0.04 0.05
G10260 1026 0.2270.28 0.60—0.90 0.04 0.05
G10300 1030 0.27—70.34 0.60—0.90 0.04 0.05

2.1.2 NOILAILAENDILAINANDAADY ( Coppers and Copper Alloys ) [9]

< a ~ Y o Y d A A I
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A = . Aa Y =2 Y o
FAUDAITAANUAINULY U (Extremely Ductile) nuTasedsnanan (Crystal Structure) gﬂﬂ“luum

AARLUUIN GRS (Face-Center-Cubic 130 FCC) 11015151 11#1 (Electrical Conductivity)

g
A = I v W a . 1 o Y ..
N 97% ﬂq@lﬂu@uﬂuaﬂ\1§@\1%1ﬂiaﬁg WU (Silver) UAINITUIAINIDU (Thermal Conductivity)

dl Y A =Y o v A [ J A a da! ]
mqmm“lnamm WU 1agNa3Ia (Gold) ﬂﬂﬂﬂuﬂﬂﬂﬁllﬂﬁWﬁll@ﬁa’ﬂﬁlﬁNc] oY 400 FUAVUDY
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A0 Cu-Zn (NDUHABI), JIS

newauduTanziannsoutseon1difiu 2 Uszianudng Ao 1) neuaande
HeruOaane (Cast Copper Alloys) H3Ha UNS C80000 D9 C99999 UnAnglid KA NI0I510A194
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a a { ' ' 2 <
C79999 ﬁ"|3J15i1Waﬂﬁﬁﬂﬂiﬁuﬁ%ﬁﬁaWﬂﬁa’lﬂ I¥U N1TOUDOU (Annealed), misﬁugﬂmu (Cold
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Worked), miﬂ;uu%qﬁ'wﬂﬁeuﬁu"lw (Hardened by Heat Treatments), MINAIANUAY (Stress
Relieved)

MIIANRUYTLIANVDIND AT NBIUAINANTAADY tnTANBILAIgnuLiuilu 6
naulvgiqfe MoIUAIUTINT, NOIUAINETYFI(High-Copper Alloys) , NOIHADY, UTOUF,
NOAAI-TINNA DaADYA LATHNNA-Y Saapes
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NoIUAINATN G (High-Copper Alloys ) C11000 UnAnesuasSanay (Wrought-
Copper Alloys) 9 TUT AT IANOIUAIHANDYTENINT 99.3 - 96% VAL NOIUAIHADHTN
(Cast-Copper Alloys) T3 uaunouaInauoginu 94% uagnans1g@udla 11000 ¥wr91n
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Uiq%ﬁﬂlﬂﬂiﬁﬂgﬂgﬂdﬁﬂﬂ 50 ppm saunssaes

3190 2.2 AIUNAUNNUAT VDINDIULALAZNDIULAIHE Y AUUINTITU ASTM

Alloy number Mechanical properties
Nominal Commercial Elongation in
(and name)
composition, 50 mm (2in.),
forms
% % (b)
Tensile Yield
strength strength
MPa  ksi MPa ksi
C10100 32-
99.99 Cu F,R, W, T, 221- 69- 10- 55-4
(oxygen-free 66
electronic
P, S 455 365 53
copper)
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C10200 32-

99.95 Cu F,R, W, T, 221- 69- 10- 55-4
(oxygen-free 66
copper) P, S 455 365 53
C10300
99.95 Cu, F,R, T, P, 32-
(oxygen-free 221- 69- 10- 50-6
0.003 P S 55
extralow-
phosphorus
379 345 50
copper)
C10400,
32-
C10500, 99.95 Cu F,R, W, S 221- 69- 10- 55-4
66
C10700
(oxygen-free
455 365 53
silver-bearing
copper)
C10800 99.95 Cu, 32-
F,R, T,P 221- 69- 10- 50-4
(oxygen- 0.009 P 55
free
lowphosphorus 379 345 50
copper
C11000
99.90 Cu, 32-
(electrolytic F, R, W, T, 221- 69- 10- 55-4
0.04 0 66
tough
pitch copper) P, S 455 365 53
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2.2 M3¥OU (Welding) [10]
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ﬂﬁ 2.1 N3¢ muﬂmﬁnamaaﬂmuﬂ’;uuuuw ( Friction Stir Spot Welding : FSSW) [10]
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