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Application of Taguchi method for friction stir spot welding process between
aluminum alloy AI6061-T6 and high strength steel by studying optimization

of production machining parameters

ayAnm Aate’ waz §581 Uszaunas”

Anusak Silachai' and Suriya Prasomthongz*

UNARED
a o d’l&‘p' =2 o dl dl dl $% al 1 a a

nsiqeiliflunisdneniadefvanzanfigaaenszusunisianfos usad@aaniuniuuuuqasyuinesglifla
AN AI6061-T6 MumANN&IANLTIge HSS-590 Taennstszenalinseanuuunimaassdaedaniniiieanaiuam
Taduiiligenasanszuauniniden lunisane linnuailadalunisden 3 sauds Hun Acudasaulunisiden
ANNNBITEN WATIZELNAAN A1NNNINAAEINLINTade lun A TEanNwNnzan Ae N1l FuAINEIseL 1,500 FaLAAUNT

B 4 - = . - 4 - - v 4 4 N

AuEalunsi@an 80 Nadwmssiasay uazAuanTuN9dan 1.50 Aadwns TWiAeaussRegegan 3.58 Alatasuy
o 1 ldl OD A o 1 1 dl val v a o “2// $% o aal a
fn3dau SIN agil 11.07 nanaaesdrdudunudnrnlsiA IndiAasiunnmeasspiausndasnisaruanlaeddnigd
fadilurneeniulilaanisdiuAdudsrdninisdndulaiAmindufesay 95.21 AWIUAENIMINTANIIITEINN
BANUUUNIZUIUNITTaNA2 LI IRIANIUNIUULLAATE I 190 NITINHAN AIB06T-T6 NUWMANNAIANULTILIIG
Hasinatidsy@nsnin

AENATY: TBNININT NATRNBRLANIUNIULLLAA BrqRIHNNaN WANNAIAINLTLINEA

Abstract
This research was to investigate the optimum factors of the friction stir welding process between Al6061-T6
aluminum alloy and HSS-590 high strength steel by applying the Taguchi experimental design to reduce the number
of factors that have no effect on the welding process. In this study, 3 parameters of welding were examined: welding

speed, welding feeds and plunge depth. From the experiment, it was found that the optimum welding factors were
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the welding speed of 1,500 rev/min, the welding feeds of 80 mm/rev and 1.5 mm of plunge depth, the average

maximum tensile strength of 3.58 KN and the S/N ratio was 11.07. In the repeated experiment, it was found that the

results were close to the first experiment calculated by Taguchi method, which was considered acceptable by

estimated model coefficients of 95.21%. Therefore, the Taguchi method can be used to design an efficient friction

stir spot welding process between Aluminum alloy Al6061-T6 and high strength steel.

Keywords: Taguchi method, friction stir spot welding, aluminum alloy, high strength steel
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Figure 1 Friction stir spot welding process and

tensile test of specimen in the experiment.
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Table 1 Chemical compositions and mechanical properties of the materials in the experiment.

chemical compositions

mechanical properties

materials

Si Fe Cu Mn Mg Cr S C Al o, (MPa) o-y(MPa) % El
Al6061-T6 0.40 - 0.15 0.00 0.81 0.04 - 0.00 Bal. 337 286 13.60
HSS 590 0.90 Bal. - 1.25 - 145 0.05 0.21 - 452 308 28.40
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material experiment control factors

- speeds (rev/min)

- AI6061-T6 quantity 27 pieces

-feeds (mm/rev)
- HSS-590 quantity 27 pieces

-depth (mm)

analysis

examines the efficacy as

designed by the Taguchi method

visual test

E

investigation of

the optimum

ANOVA and regression

analysis

Figure 2 The experimental procedure of the friction stir spot welding process to determine the

optimization by Taguchi method.

Table 2 Factors and parameters of the experiment.

experimental levels

experimental factors tensile (kN)
1 2 3

speeds (rev/min) 1,000 1,500 2,000 -

feeds (mm/rev) 80 100 120 -

plunge depth (mm) 1.20 1.50 1.80 -
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Table 3 L-9 (3°) orthogonal array (OAs) and the results from the 3 replications of experiments.

speeds feeds depth Ex-1 Ex-2 Ex-3
run S/N ratios mean
(rev/min) (mm/rev) (mm) (kN) (kN) (kN)
1 1,000 80 1.20 2.40 2.35 2.38 7.52 2.38
2 1,000 100 1.50 2.50 2.65 2.60 8.24 2.58
3 1,000 120 1.80 2.50 2.31 2.48 7.70 2.43
4 1,500 80 1.50 3.58 3.60 3.55 11.07 3.58
5 1,500 100 1.80 2.92 2.85 2.95 9.27 2.91
6 1,500 120 1.20 3.13 3.15 3.25 10.04 3.18
7 2,000 80 1.80 2.56 2.61 2.58 8.24 2.58
8 2,000 100 1.20 2.76 2.68 2.71 8.68 2.72
9 2,000 120 1.50 3.48 3.02 3.41 10.33 3.30
average = 9.01
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Table 4 Analysis of factors influenced the S/N-ratio of average tensile strength of the weld.

average of S/N-ratio

factors max min max-min % main effect
level-1 level-2 level-3

speeds (rev/min) 7.82 10.23 9.08 10.23 7.82 2.41 53.32

feeds (mm/rev) 8.94 8.73 9.36 9.36 8.73 0.63 13.94

plunge depth (mm) 8.75 9.88 8.40 9.88 8.40 1.48 32.74
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Main Effects Plot for SN ratios
Data Means
Speeds (rev/min) Feeds (mm/rev) Depth (mm)
10.0
7]
o
® 95
)
« 90
o
&
o 85
=
80
1000 1500 2000 80 100 120 12 15 18
Signal-to-noise: Larger is better
Figure 3 Effects of 3 factors on S/N-ratios of tensile strength.
Table 5 Estimated model coefficients for S/N-ratios.
term coefficients SE coefficients T P
constant 9.01 0.09 99.45 0.00
speeds ( 1000) -1.19 0.13 -9.30 0.01
speeds ( 1500) 1.12 0.13 8.71 0.01
feeds (m 80 ) -0.06 0.13 -0.50 0.67
feeds (m 100) -0.28 0.13 -2.19 0.16
plunge depth (m 1.2) -0.26 0.13 -2.06 0.18
plunge depth (m 1.5) 0.87 0.13 6.79 0.02
S$=0.2717 R-Sq=98.80% R-Sq(adj)=95.21%
Table 6 Analysis of variance for S/N-ratios.
sources DF Seq SS Adj SS Adj MS F P
speeds (rev/min) 2 8.01 8.01 4.00 54.23 0.02
feeds (mm/rev) 2 0.61 0.61 0.30 411 0.20
plunge depth (mm) 2 3.58 3.58 1.79 24.25 0.04
residual error 2 0.15 0.15 0.07

total

8 12.34
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Figure 4 The results of chemical analysis techniques EDS-line scan (a) speeds 1,500 rev/min,

feeds 80 mm/rev and 1.5 mm, (b) speeds 1,000 rev/min, feeds 80 mm/rev and 1.2 mm.

Figure 5 The investigation fracture of friction stir spot welding (a) speeds 1,500 rev/min, feeds 80

mm/rev and 1.5 mm, (b) speeds 1,000 rev/min, feeds 80 mm/rev and 1.2 mm.
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