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An Experimental Study on the Manufacturing
Technology of an Engine Piston
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ABSTRACT

In this paper, an experimental study has been carried out to develop an aluminum forged piston which

has good mechanical properties. Through the experiment, the cavity filling, microstructure and mechanical
properties of the final product are investigated with respect to chosen process parameters, which are die
shape, heat-treatment condition and preform shape. The mechanical properties of the forged piston are

compared with these of the cast piston. As the results, an appropriate die-shape is obtained to produce a

perfect piston. The suitable heat-treatment condition and preform-shape are found to good hardness and
minute microstructure in the forged piston. And we could obtain the mechanical properties(tensile
strength, elongation and hardness) of the forged piston are superior to these of the cast piston.
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Fig. 1 Configuration of a Forged Piston
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Fig. 2 Shapes of Dies used in the Experiment
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Table 1 Heat-Treatment Conditions I and I for the Exper-

iment
condition I condition I
product |14 Tquenching] T5 | T4 |quenching] T5
(520C) | (5min) | (190T) | (520T) | (Gmin) | (210T)
1 4hr 23T Shr 6hr 23¢ 6hr
2 4hr 43T Shr 6hr 43¢ Ghr
3 4hr 60T Shr 6hr 60T 6hr
4 4hr 23T 6hr Shr 23T Ghr
5 4hr 43T 6hr Shr 43T 6Ghr
6 4hr 60T 6hr Shr 60T 6hr
7 4hr 23T Thr 4hr 23¢C &hr
8 4hr 43¢ Thr 4hr 43T 6hr
9 4hr 60T Thr 4hr 60T 6hr
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Fig. 3 Initial Billet and Sequential Forged Products without
Draft Angle

Fig. 4 Initial Billet and Sequential Forged Products with
Draft Angle (2°)

Table 2 Comparison of Mechanical Properties between Cast

and Forged Pistons
tensile strength elongation
(MPa) %
cast piston 232 24
forging piston 299 134
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Fig. 5 Comparison of Stress-Strain Curve between Cast and
Forged Pistons
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Fig. 7 Hardness on the Surface of Piston Head in a Cast Piston
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Fig. 8 Hardness on the Surface of Piston Head in Forged Pistons
[Solution Treatment (520°C, 4hr), Aging (190°C, 5hr) ]
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Fig. 9 Hardness on the Surface of Piston Head in Forged Pistons
[ Solution Treatment (520°C, 4hr), Aging (190°C, 7hr) ]
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Fig. 10 Hardness on the Surface of Piston Head in Forged Pistons
[ Solution Treatment (520°C, 4hr), Aging (210°C, 6hr) ]
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Fig, 11 Hardness on the Surface of Piston Head in Forged Pistons
[ Solution Treatment (520 C, 6hr), Aging (210C, 6hr) ]
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Fig. 12 Configurations of Preforms for Piston Forging
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Fig. 13 Selected Points on the Surface of Forged Piston Head
with Preforms for Hardness Test
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Fig. 14 Hardness on the Surface of Piston Head with Preform
No.1, No.2 and No.3
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Fig. 17 Microstructure at the Position | of a Cast Piston (X 100)
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Fig. 18 Microstructures at the Position | of Forged Pistons (X 100)
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Fig. 13 Selected Points on the Surface of Forged Piston Head
with Preforms for Hardness Test
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Fig. 15 Hardness on the Surface of Piston Head with Preform
No.4, No.5 and No.6
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Fig. 17 Microstructure at the Position [ of a Cast Piston (X 100)
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Fig. 18 Microstructures at the Position [ of Forged Pistons (X 100)
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Fig. 19 Microstructures at the Position I of Forged Pistons (X 100)
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