63-51 Yoo 3 oylouds 2 693 1394 juals cl sl 395 9 AL HwIdye Ao

Ol g g SOl (qunige )/

www.smeir.org

2 oo & pgmnogd] ozmoed e lice!l SKEol o, hes wul 8 oy gyl ol
Slo plgz g sLislw 5 69,
*2 LT P 1 _.
22950) PN LS yule g puSilga ol g
U‘)ﬁ-‘ ‘)Jﬂ‘wo&u\o ‘;&Li‘, (oo n,\.u)‘ u»lL-d)lS &59"‘-‘“‘-\' _1

AT S ol rio oSl (S ln sasiigen o il =2
afallahi@aut.ac.ir 15875-4413 | 45 *

oS> OB lguls
1100-H18 asngl 5LT iliezil Sllasl o) bg auld oyl (g5, 5 anllas jolaie 4 Lol uios olazel Slasl o, Koy
Cendl g Gopim S e oS98 Saym Jold o5y Siign slaytally il i3 plul (10100 A s & Sl Jeles

1100-H18 pguines)l 3LIT

maige el o g, Gialesl 2Lk by SeS a5 0o )T o) p diges oS plSoiul 555 2 Rl o
C10100 s e

anll u"f ‘gsjl}f}JL“‘ GLQOV)] ‘u**“S e )l J“’b C"L"‘ S R anlllae 9 rde (w2 )52';‘ LYW LEJL‘“
Lys] d.,;>L3 as ol UL...J AW 6)15-:‘5—'? LgLadj}aj d)tl.‘;Lu.g)S.f..a 6.31.;')')‘ LA ‘al.?dl 6.0;..45)5%@ 9 U‘&‘
oSy samolis (WSOl axsl il };Jlfl WNigd go aFie we 9 ‘awjﬂ I ekaY oS5 L bages
Oz bl baiged ol )0 (B GbeeS i jpax 4 baipe a5 Cul badigel ol eS80 0 (SasS
YL polie ol oo Byl (899,5 Oylm Eali8l Loy e caiSE g 05 LBl gl obbelS s
S O soeaS § jpax Lo @ 5SS Sl iz 45 0 saslie Jlail S i o j0 Sy S
FSis gloo 5 ol plosil sgaome Lol g, 4 (5 K9 anl 3 5> Judod fuizen ccnl 4l ol Jlisle o
Pl b (99,5 @)l GRalidl 5wl sl pielly Sosd b s 5 (ateie Jhez S e 50 580 LS
et Ol L el o pautS plouinl uali8l cel g oads bl (g el Ojga YS! Slles g,

Wigdso ot plinl Lals el (g3l sloaS 5 GlliEl s (Sl il o (5095 &)l

Effect of friction stir welding process parameters on mechanical properties and
microsturture of dissimilar aluminum to copper joint

Javad Jahangiri, Alireza Fallahi Arezoudar*

Department of Mechanical Engineering, Amirkabir University, Tehran, Iran
* P.0.B. 15875-4413, Tehran, Iran, afallahi@aut.ac.ir

Keywords Abstract

Friction Stir Welding The present research is aimed to study on effect of friction stir welding process parameters on aluminum
Thermal Analysis alloy 1100-H18 to pure copper joints. The effect of welding parameters, including rotational speed, feed
AA1100-H18 rate and pin offset on the tensile strength of samples investigated and were optimized by response
C10100 surface method. In order to verify the results of tensile tests, metallographic evaluation, microhardness

and X-ray diffraction tests were conducted. Microstructural evaluation of the weld samples revealed that
the interfacial regions are characterized by mixture layers of aluminum and copper. High Vickers
microhardness values were measured at the joint interfaces, which corresponded with the intermetallic
compounds. The diffractograms of the X-Ray Diffraction analysis showed small peaks for intermetallics
in the welds. Welds produced with low heat input did not have intermetallics formed at the joint
interface, whereas welds produced by highest heat input, have the highest content of intermetallics. As
well as to determine the maximum temperature in weld nugget, FEM analysis have been conducted and
formation temperature of intermetallic components was determined. To evaluate the effect of welding
parameters, including rotational, linear speed and tool offset, on weld properties, optimization using
Response Surface method is performed and highest tensile strength is achieved. By increasing the
rotational speed and tool offset to aluminum side and reducing the linear speed, the generated heat input
during welding was increased and this caused to increasing UTS to a maximum and then decreased. By
varying the process parameters and increasing the heat input until optimize strength, mixing operations
are performed as appropriate and increases the tensile strength, with a further increasing in heat input,
grains are being coarse and intermetallic compounds increases and then tensile strength has been
decreased.
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J. Jahangiri, A. Fallahi Arezoudar, Effect of friction stir welding process parameters on mechanical properties and microsturture of dissimilar
aluminum to copper joint, Iranian Journal of Manufacturing Engineering, Vol. 2, No. 3, pp. 51-63, 2015 (in Persian)
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Table 1 Designed experiments by response surface
Run  A:Rotation Speed B:Linear Speed  C:Tool Offset

(Rpm) (mm/min) (mm)
1 1395 120 50
2 930 80 51
3 1395 80 1
4 1860 80 51
5 1395 80 1
6 1860 80 5/0
7 1395 120 51
8 1860 40 1
9 1395 40 50
10 1395 40 51
11 930 40 1
12 930 120 1
13 930 80 5/0
14 1860 120 1
15 1395 80 1

Table 2 Mechanical properties of aluminum alloys

Lyl peled G5 gl pleed sk sl
(Mpa) (Mpa) (%)
18-H1100 125 160 6
10100 78 208 37

Fig. 2 The measured and simulated temperatures
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Tensile Strength = +121.72 + 0.027688
x (Rotation Speed) — 0.225 x (Linear Speed)
—20.75 x (Pin Offset)
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Table 3 Mechanical properties of aluminum alloys

Lgad (Mpa) 2sS plSociul (%) e Job obssl as s

1 125 5/8
2 95 4/3
3 110 5/6
4 128 6/1
5 106 5/7
6 130 6/3
7 102 a7
8 137 5/8
9 139 6/0
10 109 5/2
11 114 4/3
12 80 42
13 123 ar7
14 120 5/5
15 104 5/6

Gl 5 (2o e 9y p e » NS e 4 Jgun

o=bly Jelos
Table 4 The effect of each variable based on the analysis of variance
Source Sum of df Mean F P
Squares Square Value Value

Model 2748/50 3 916/17 11/29 0/0011
Rotation Speed  1300/50 1  1300/50 16/02 0/0021
Linear Speed  648/00 1  648/00  7/98 0/0165
Pin offset 800/00 1 800/00  9/86 0/0094
Residual 892/83 11 8117 - .
Lack of Fit 874117 9  97/13  10/41 0/0407
Pure Error 18/67 2 9/33 - .

CorTotal  3641/33 14 - - -
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Table 5 All predicted data by response surface method

Parameter Predicted Experimental
Parameter Parameter
Rotational Speed (rpm) 1670 1650
Pin Offset (mm) 0/54 0/54
Linear speed (mm/min) 50 50
Tensile strength (MPa) 145/5 144

lod (0225 (5503l 55 gy 3,50 (sloizes 6 Jour
Table 6 The experimental measurement of temperature studied in
samples

dgadojlod  Glgo Cepm gt Cepw (Sl

1 1395 120 0/5
9 1395 40 0/5
7 1395 120 1/5
8 1860 40 1
11 930 40 1
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Table 6. Temperature changes According to process parameters a) Variable feed rate b, ¢) Variable rotational speed d, e) Offset variable pin
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Fig 7. Level temperature history in optimized sample
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