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Effect of tool geometry on material flow
behavior during friction spot welding process
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Abstract: Choosing LY 12 aluminum alloy as the research object, the material flow behavior of friction spot welding
(FSpW) using conventional tool was simulated and verified by macrostructure and microstructure of welding spot.
Meanwhile, the effects of tool geometries on material flow behavior during FSpW process were mainly discussed. The
results show that the material near the inner and outer walls of sleeve attains high flow velocity. The maximum flow
velocity appears in the groove region of the outer wall. And the velocity decreases as the distance from the walls of the
sleeve becomes bigger. Bonding ligament with bigger width in the center and smaller width in two ends and different
microstructures in different regions agree with the simulation results. From the viewpoint of decreasing the width of the
bonding ligament, the double groove tool is better than the conventional tool, small width groove tool and big diameter
tool.
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Fig. 1 Solid models of four tools used in simulation: (a)
Conventional tool; (b) Smaller width groove tool; (c) Double

groove tool; (d) Big diameter tool

2

Fig. 2 Mesh generation using conventional tool

FSpw



2430 2015 9

Rotational direction

2.1

Rotational walls

I b
/ 1 mm/s

T4 7 ol

Fig. 3 Schematic diagram of flow simulation region at

3

plunging stage i
[ . e

1.3 ection f == ==

LY12 -
RNG k-¢ FSpw 4

Fig. 4 Schematic diagram of positions of different sections
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Fig. 6 Material flow behavior using conventional tool at
refilling stages: (a) Three-dimensional; (b) Section a; (c)

Section b
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Fig. 7 Photo of rotational tool used in experiment
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Fig. 10 Flow behavior of material at refilling stage using smaller width groove tool: (a) Section a; (b) Section b
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Fig. 11 Flow behavior of material at refilling stage using double groove tool: (a) Section a; (b) Section b
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Fig. 12 Flow behavior of material at refilling stage using big diameter tool: (a) Section a; (b) Section b
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