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Study of hardness and impact resistance in Friction Stir Welding process with
Bobbin tool in Aluminum 6061-T6 alloy
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Article Information Abstract

Original Research Paper In this research the effect of different rotational speeds and different materials for producing the Bobbin tool in
Received: 2 December 2021 friction stir welding process on hardness and impact resistance changes for Aluminum 6061-T6 alloy is studied.
First Decision: 25 February 2022 According to the results, the most desirable tool to accomplish this process should be from H13 hot-work steel and
Accepted: 5 March 2022 the pin length should be as long as the work piece thickness. The most optimized ratio between tool shoulders

diameter and pin length is about 3 to 5. Accordingly, the designed tool for the mentioned process had 20 mm

}:(gy:vordtgz i shoulder diameter, 6 mm pin diameter and 4 mm pin length. Results showed that increasing the rotational speed had
Brc;tcyl;?;ticl)rl welding process desirable effect on connections appearance quality and also cause raising the amount of consumed energy for
Aluminum 6061-T6 alloy breaking the work pieces and naturally it decreases the return angle of the projectile. Microstructure hardness tests
Hardness showed that welding speed increase caused welded zone grains size changing. So it will increase the weld hardness.

Furthermore, joints macrostructure’s defects were studied and determined that increasing rotational speed has good
effect in decreasing these defects. Also in this research, the effect of using HSS tool as the bobbin tool material
checked was investigated finally H13 was selected as the bobbin tool material due to the better strength in most other
speeds. 1500 rpms selected as the best rotational speed in terms of affect on mechanical properties.

Impact resistance
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M. Eksiri, M. Azimi Aghghaleh, N. Bani Mostafa Arab, S. Parvizi Study of hardness and impact resistance effect in Friction Stir Welding process with Bobbin tool in
Aluminum 6061-T6 alloy, Iranian Journal of Manufacturing Engineering, Vol. 9, No. 1, pp. 10- 18, 2022 (in Persian). https://www.doi.org/10.22034/IJME.2022.155982
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Fig. 2 The main components of Bobbin tool
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Fig. 1 The main components of single-shoulder tool
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Fig. 3 Map of the used tool
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Table 1 Chemical composition of aluminum alloy 6061
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Fig. 7 Welding sai;lples from right to left at speeds of 1180, 1500, 950
and 750 rpm, respectively
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Fig. 8 Right: welding with a tool made of hot-worked steel and left:
welding with HSS tool
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Fig. 11 Comparison of microstructure hardness of joints at different
speeds: A: 1180 rpm (HSS), B: 1500 rpm, C: 1180 rpm (H13), D: 950
rpm, E: 750rpm
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Fig. 10 Comparison of microstructure hardness of joints at different
speeds B: 1500 rpm, C: 1180 rpm, D: 950 rpm, E: 750 rpm
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Table 3 The distance between the points with the highest and the
lowest hardness relative to the centerline of the weld according to the
reduction of the rotational speed
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Fig. 12 Hardness distribution in the microstructure of a welded
specimen using HSS tool steel Bobbin tool
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Fig. 13 Comparison of the hardness distribution in the microstructure
of welded specimens at the same speed with the help of Bobbin tool
made of H13 tool steel and hot-worked steel H13
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Fig. 14 Comparison of the hardness distribution in the microstructure
of welded specimens at the same speed with the help of Bobbin tool
made of H13 tool steel and hot-worked steel H13
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Fig. 17 Comparison of projectile rise angle after collision with welded
specimens
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Fig. 18 Comparison of the relationship of energy consumed in the
impact test with the return angle of the projectile
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angles in the Charpy Impact Test, A: rpm 1500, B: rpm 1180, C: rpm
950, D: rpm 750
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Fig. 15 Part of the samples after impact testing
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Fig. 16 Comparison of energy consumed in the impact test of welded
specimens with the Bobbin tool
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Fig. 21 Welding macrostructure performed at a speed of 1180 rpm with
the help of Bobbin tool made from hot-worked steel H13
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Fig. 22 Welding macrostructure performed at a speed of 1180 rpm with
the help of Bobbin tool made from tool steel HSS
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Fig. 19 Welding macrostructure performed at a speed of 750 rpm with
the help of Bobbin tool made from hot-worked steel H13
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Fig. 20 Welding macrostructure performed at a speed of 1500 rpm with
the help of Bobbin tool made from hot-worked steel H13
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