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Abstract

This paper deals with the experimental investigatd effects of geometrical parameters of frictitin
welding of dissimilar Aluminiumalloys and analysis of output responses such addestrength in tt
friction stir welding. Taguchi's Design of Expment (DoE) is used to design the experimental ¢
based on which experiments were conducted. Forgatameters and four levels of each parametgr, L
Orthogonal array is selected. To evaluate the dwjpality characteristics Taguchi's technique isd
based on which the optimum conditions are deterthiA@ interaction effect of one input parameterr
another parameter isuslied to understand their influences on output gearénce characteristi
Analysis of Variance (ANOVA) is also performed toidy the contribution of individual parameter or
output quality characteristics based on Signal-tisB! ratio.

Keyword: Taguchi's DoE, S/N ratio, Interaction effect, ANAVGeometrical parameters.

1. INTRODUCTION

In recent times, focus has been on developing &ffitjent processes that are environment frieridljoin
two dissimilar materials. The spotlight has beeméd on Friction stir welding as a joining techrmlo
capable of providing welds that do not have defecisnally associated with fusion welding proce$des
Friction stir welding (FSW) is a fairly recent tegfue that utilizes a non consumable rotating wejdool
to generate frictional heat and plastic deformatibthe welding location, thereby affecting thenfation
of a joint while the material is in the solid stafégure.1 shows the schematic drawing of frictsiim
welding representing all the relevant parametetb@frocess.
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Figure.1: Schematic illustration of Friction Stir Welding
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Figure.3: Typical cross section of the weld (300rpm, 60mm/ndi.5kN, Taper cyl. threaded tool)

The principal advantages of FSW, being a solicegtabcess they have low distortion, absence of-melt
related defects and high joint strength, even ios¢halloys that are considered non weld able by
conventional techniques. Furthermore, friction stélded joints are characterized by the absendilenf
induced problems/defects, since the technique regjuio filler, and by the low hydrogen contentghiea
joints, an important consideration in welding sseshd other alloys susceptible to hydrogen dafffage

FSW can be used to produce butt, corner, lappat, $illet and hem joints, as well as to weld baell
objects, such as tanks and tubes / pipes, stodkdifterent thicknesses, tapered sections and patts
three dimensional contour§ig.2 (a) gives the idea of advancing and retrgasides in the traverse
direction of welding.The advancing side (AS) is the side where the Wgla@ctors of tool rotation and
traverse direction are similar and the side whbheevielocity vectors are opposite is referred azaginhg
side.Fig.2 (b) shows the tool with threaded cylindrind or probe pin.

The FSW process takes place in solid state andragoent bond is obtained as a result of the sgjroin
plasticized and deformed material along the linesamtact between the pressure-welded elements. The
plasticization and deformation of the material @ffected during the translation of the rotating drahand
rim of its back-up along the line of the joint.

2. Experimental procedure

The base materials used in this study are AA 70itbAA2024 aluminium allo§™® with thickness of 5 mm
whose chemical composition is listed in the Tabl&dmples were butt welded using FSW machine along
the rolling direction. A FSW tool made of M2 matdriwith cylindrical taper profile having pin diatee 6
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mm and 10° taper, pin length 5.72 mm, and shoullimeter of 20 mm was chosen for welding. The
mechanical properties of the AA 2024 and AA7075s@wn in Table 2.

Table 1: Chemical Composition of base aluminium alloys

Material Si Fe Cu Mn Mg Zn Cr Al

AA2024 0.103 0.136 4.416 0.535 1.646 0.011 0.1 Remaining

AA7075 0.062 0.186 1.445 0.019 2.55 5.602 0.195 Remaining

The welding parameter like rotational and transvesgeed, plunge depth, tool tilt, initial heatimge
and tool down speed are important input duringvibéding process. Rotational speed and transveesedsp
used are 300rpm and 60 mm/min. The plunge deptth dgeng the welding process is 5mm and the tool
tilt used is 2° towards the advancing side of whldial heating time and tool down feed are 8 aad 10
mm/min respectively. The FSW tools are shown in Bign FSW the nugget zone is located in the naidd|
and at each side three different zones can betddte&s shown in Fig.3, these regions are knowthas
HAZ, the thermo mechanical affected zone (TMAZ) dne base metdl In the FSW process, parameter
selection and tool geometry are among the key fadtat determine the quality of the fabricatedjor he
value of the different parameters such as weldp®ged, rotational speed, tilt angle and pin geomatnyd
lower the force exerted from the TMAZ section te thol which improves the quality of the weld apdd
thermal energy is needed for the process prompiirtiy sheets to reach the plastic state. The plfhgticis
responsible for obtaining the weld with high teasdtrength and fewer defects and therefore the tool
geometry plays a role in achieving a quality weld.

3. Methodology
3.1 Taguchi’s Technique

Taguchi's technique is a powerful tool in qualiptimization. Taguchi's technique makes use giexis
design of orthogonal array (OA) to examine the ifyiatharacteristics through a minimal number of
experiments '3 Taguchi proposed the experimental design, whisblires orthogonal arrays to organize
the parameters affecting the process and the I¢hatsshould be varied. The orthogonal array alléovs
significant reduction in the number of experimemans to find the optimal solution. The experiménta
results based on the orthogonal array are thersftraned into S/N ratios to evaluate the performance
characteristics. Taguchi's Design of Experimentssisd to design the orthogonal array for four patens
varied through four levels. The control parametensl their levels chosen are shown in Table.3 and
different combinations made for the analysis isnghn table.4.

Table.2: Mechanical properties of the base metal

Material AA2024-T6 AA7075-T6
Yield stress (MPa) 327 498
Ultimate stress (MPa) 461 593
% of Elongation 29.5 17.7
Hardness (Vickers) 154 160

Table.3: Control Parameters and their levels in FSW
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Parameter/Level Level 1 Level 2 Level 3 Level 4
Rotational speed 600 800 1000 1200
Axial Force 15 15 2.0 25
Weld speed 62.5 70 70.5 80

Table.4: Combinations of Control Parameters in FSW

Trial No Rotational Speed Axial Force Weld Speed
1 600 1.5 60
2 600 2 65
3 600 25 70
4 600 3 75
5 800 1.5 65
6 800 2 60
7 800 25 75
8 800 3 70
9 1000 1.5 70
10 1000 2 75
11 1000 2.5 60
12 1000 3 65
13 1200 1.5 75
14 1200 2 70
15 1200 2.5 65
16 1200 3 60

For analysis, there are three categories of pedoom characteristics, (i.e.)

Smaller-is-better (Minimize): % = —10 log(i > yf)

@)
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where Vl represents the experimentally observed valul ekperiment and n is the no of replications of

each experiment.

3.2 Analysis a/Variance (ANOVA)

An important technique for analyzing the effect aategorical factors on a response is to perform an
Analysis of Varianc¥. An ANOVA decomposes the variability in the respenvariable amongst the
different factors. In order to determine the effefteach geometrical parameter, Analysis of Vamanc

(ANOQVA) is performed.

4. Results and Discussion

The tensile strength is measured for two diffeteats (Taper threaded and straight threaded) véth 1

numbers of trials as shown in table.5.

Table.5: Measured Experimental values

Tensile Strength (MPa)
Trial No
Taper Thread Straight Thread
1 116 110
2 112 116
3 126 122
4 120 123
5 121 126
6 130 132
7 125 120
8 100 124
9 111 105
10 100 110
11 115 112
12 117 120
13 120 119
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14 122 125
15 130 129
16 135 136

4.1 Analysis of Tensile strength for Taper threaded

The tensile strength of the welded component halsetanaximum for a given set of input parameters.
Hence, the larger-is-the-better condition is choasrgiven in Eqn.(2). Table.6 shows the S/N ratio f
tensile strength values measured on the work @edace which is welded using taper threaded tool.

Table.6: S/N Ratio for Tensile Strength combination of Tiapkreaded

S.No| Experimental TT S/N Ratip
1 122 41.7272
2 129 42.2118
3 132 42.4115
4 142 43.0458
5 121 41.6557
6 130 42.2789
7 129 42.2118
8 120 41.5836
9 111 40.9065
10 113 41.0616
11 115 41.2140
12 127 42.0761
13 124 41.8684
14 122 41.7272
15 130 42.2789
16 133 42.4770

Figure 4 shows the main effects plot for taperaleal tool, the optimum conditions being rotatisszed

of 600 rpm, axial force of 3 KN and weld speed 6frim/min. The best levels of various parameters are
identified by calculating the average values of $&o, corresponding to every level of parametgfrs
tensile strength, which are consolidated in Takded@ Table 8 the ANOVA table.
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Figure. 4: Main effects plot of S/N ratio for Tensile strendor taper threaded tool

Table. 7: Response for Signal to Noise Ratios (Larger itebet

Level Rotational speed Axial force Weld Speed
1 42.35 41.54 41.92
2 41.93 41.82 42.06
3 41.31 42.03 41.66
4 42.09 42.30 42.05
Max - Min 1.03 0.76 0.40
Rank 1 2 3
S=0.3724 R-sq = 82.6% R-sq(adj) = 56.6%

Table.8: ANOVA table for Tensile strength

Source DF SEQ SS ADJ MS F P
Rotational speed 3 2.3162 0.7721 5.57 0.036
Axial force 3 1.2313 0.4104 2.96 0.120
Weld Speed 3 0.4143 0.1381 1.00 0.456
Residual Error 6 0.8323 0.1387

Total 15 | 4.7941

4.2 Analysis of Tensile strength for Straight Thréed

The tensile strength of the welded component ha® ta maximum for a given set of input parameters.
Hence, the larger-is-the-better condition is chasggiven in Eqn.(2). Table.9 shows the S/N ratio f
tensile strength values measured on the work @iedace which is welded using straight threaded too
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Table.9: S/N ratio of Tensile strength values for straitjinead

S. No| Experimental ST S/N Ratio
1 110 40.8279
2 116 41.2892
3 122 41.7272
4 123 41.7981
5 126 42.0074
6 132 42.4115
7 120 41.5836
8 124 41.8684
9 105 40.4238
10 110 40.8279
11 112 40.9844
12 120 41.5836
13 119 41.5109
14 125 41.9382
15 129 42.2118
16 136 42.6708

Figure 5 shows the main effects plot for straiditeaded tool, the optimum conditions being rotation
speed of 1200 rpm, axial force of 3 KN and weldesp@f 65 mm/min. The best levels of various
parameters are identified by calculating the avenragues of S/N ratio, corresponding to every lexfel
parameters of tensile strength, which are cons@ietien Table 10 and Table 11 the ANOVA table.
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Figure. 5: Main effects plot for Tensile strength for straigimead

Table. 10: Response Table for Signal to Noise Ratios (Laigbetter)
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Level Rotational speed Axial force Weld Speed
1 41.41 41.19 41.72
2 41.97 41.62 41.77
3 40.95 41.63 41.49
4 42.08 41.98 41.43
Max - Min 1.13 0.79 0.34
Rank 1 2 3

R-sq = 86.3% R-sq(adj) = 65.7%

Table.11: ANOVA table for Tensile strength of straight thredd

Source DF SEQ SS ADJ MS F P
Rotational speed 3 3.2816 1.0939 8.48 0.014
Axial force 3 1.2463 0.4154 3.22 0.104
Weld Speed 3 0.3449 0.1150 0.89 0.498
Residual Error 6 0.7741 0.1290

Total 15 | 5.6469

From ANOVA table, it is observed that for taperetded friction stir welded components; the most
influencing parameter is the rotational speed douting by 48.31% followed by axial force by 25.68%
and weld speed by 8.64%. For straight thread weldponents, rotational speed contributes by 58.11%
followed by axial force by 22.07% and weld speedtiy0%. From the results obtained, it is obserted t
the rotational speed is the most significant patamfar both taper threaded and straight threadeld w
component.

5. Conclusion

Analysis of friction stir weld components are cadriout using Taguchi’s technique for taper threaaiwd
straight threaded tool for joining two dissimilamatarials. The results obtained is, for taper thedadhe
optimum condition is rotational speed of 600 rpxiabforce of 3 KN and weld speed of 65 mm/naind

for straight thread, the optimum conditions beingational speed of 1200 rpm, axial force of 3 KNdan
weld speed of 65 mm/min. The most influencing pa®mfor both taper threaded and straight threaded
weld components is rotational speed followed byalforce and weld speed. Hence, by controlling the
rotational speed, we can obtain a very good frictitir weld components of higher tensile strength.
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