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Abstract: The A356.2 aluminum alloy automotive steering knuckles were prepared by counter pressure casting, and
the effects of cooling rate and heat treatment on the microstructure and mechanical properties of thin-walled and thick-
walled areas of the steering knuckle were studied. The results show that the as-cast microstructure in the thin-walled area
with higher cooling rate is finer, with a secondary dendrite arm spacing of 20.3 um. During the solution treatment, the
irregular eutectic Si in the as-cast microstructure rapidly fragments and spheroidizes within the first 2 hours, followed
by a coarsening stage. The average equivalent diameter of Si phases in the thin-walled area is smaller than that in the
thick-walled area under the same solid solution treatment time. In the later stage of solution treatment, a large number
of Si-containing dispersed phases precipitate in the a-Al matrix, with a higher density in the thin-walled areas than in
the thick-walled areas. The strength and elongation of the alloy gradually increase and stabilize with increasing solution
treatment time. During the aging treatment, needle-like B” phases precipitate in the a-Al matrix, further enhancing
the alloy strength compared to the solution state, while the elongation gradually decreases. Under the heat treatment
process of solid solution at 540 °C for 2 h and aging at 180 °C for 6 h, the alloy exhibits superior mechanical properties.
The tensile strength, yield strength and elongation of the alloy thin-walled areas are 331 MPa, 271 MPa and 9.7%,
respectively, while those in the thick-walled areas are 315 MPa, 253 MPa and 10.3%, respectively.
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Tab. 1 Chemical composition of the A356.2 aluminum alloy
wg /%

Si Mg Ti Fe Cu Mn Zn Al
747 037 0.2 0.14 001 0.03 002 4=

K2 HRESHRLETZSY
Tab. 2 Heat treatment parameters for the aluminum alloy

PULFET 2 IR/ C B ) /h BHA
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Fig. 1 Sampling positions and dimensions of the tensile test specimen
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Fig. 2 Metallographic structures of the as-cast aluminum alloy steering knuckle
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Fig. 3 Simulation result on solidification time of the steering knuckle
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Fig. 4 SEM morphologies and EDS analysis results of the as-cast aluminum alloy steering knuckle
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Fig. 5 SEM morphologies and element distribution of the casting after 0.5 h solution treatment
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Fig. 6 Microstructural evolution of the casting during solution treatment
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Fig. 7 Evolution of eutectic Si with solution treatment time
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Fig. 8 Variation curves of mechanical properties of the aluminum alloy during solution treatment
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Fig. 9 Variation curves of mechanical properties of the aluminum alloy during aging treatment
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