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Cladding of Carbon Steel with Aluminum Stainless Layer Using Friction Stir
Welding Method
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ABSTRACT

Cladding on metallic products is relatively applicable in industries, e.g. aerospace, automotive and oil.
One layer cladding on metallic specimens could improve mechanical, thermal and corrosion resistance
properties considerably. Nowadays carbon steels have the highest share of metallic materials among
different industries. One layer cladding on this type of steel with the aim of enhancing the corrosion
resistance could decrease the price of them when they are put into use in different conditions. In this
study, for the first time, cladding of the carbon steel by 6061-T6 Al alloy via Friction Stir was carried
out successfully. In order to control cladding, the effect of different rotational speeds and traverse
speeds on mechanical properties and structure of cladded layer was inspected. Results of shear test
showed that by increasing the traverse speed the shear strength of the cladded layer increases due to the
addition of material into the joint area uniformly. By decreasing the rotational speed and increasing the
traverse speed, the generated heat from friction decreases and prevents over-stirring in joint area and as
a result the shear strength of the joint will increase.
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Table 1 Chemical composition of the aluminum alloys 6061-T6

Al Mg Mn Zn Fe Cu Si  Cr Ti

al 084 015 025 07 024 054 018 0.15

B061-T6 psiogll 5LIT Slsls (olss 2 Jguor
Table 2 Mechanical properties of the aluminum alloys 6061-T6

ks e N
(MPa) (MPa) (%) (HV)
240 290 9 85

St37 5¥s8 leord oS 5 3 Jou
Table 3 Chemical composition of the St37

Fe C S P Mn

ol 0.17 0.05 0.45 1.14

St37 o¥gs Sl oly> 4 Jous
Table 4 Mechanical properties of the St37

O Ny s
(MPa) (MPa) (%) (HV)
235 350 17 130
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Fig. 1 Schematic cladding process a) Rotational and traverse motions and axial force of tool b) cladding after the first pass
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Fig. 2 Tool used in the study
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Fig. 3 a) used Milling machines b) setup and clamping of plates during the process
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Tensile shear test specimen

Fig. 5 Photograph of shear tensile die
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Fig. 7 Effect of shoulder depth on the cladding a) shoulder depth 0.35
mm b) shoulder depth 0.15 mm
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Fig. 8 Cross-section macrostructure of clad-plate samples a) and b) rotational speed 1200 rpm and traverse speed 35 mm/min c) and d) rotational
speed 1000 rpm and traverse speed 35 mm/min
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Fig. 9 Cross-section macrostructure of clad-plate samples a) and b) rotational speed 800 rpm and traverse speed 35 mm/min c) and d) rotational
speed 800 rpm and traverse speed 15 mm/min
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Fig. 10 The shear strength of the cladding samples a) By combining different rotational speed and traverse b) According to ratio rotational speed on
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