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A Study on the Forming Conditions of a Forging Piston by using
the Finite Element Simulation and the Taguchi Method
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Abstract This paper presents design methodology to determine the design parameters that affect the manufacture
of aluminum forging piston using the FE simulation and the Taguchi method. Maximum forging load is used as
the objective function, and preform, material temperature and draft angle are selected as the design parameters.
Their combinations are implemented by orthogonal array, and forging load is evaluated through the simulation.
From the analytic results of design parameters to minimize the load using signal to noise ratio, their optimal
combinations are proposed. The proposed design methodology will be able to help in selecting proper preform
among preforms and to be used in determining the optimal combination of the parameters in metal forming
process
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[Fig. 1] Drawing of final product and its shape
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[Fig. 2] Preforms and draft angle
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[Table 1] Levels of design parameters
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Parameters Material j
Level Preform(A) temperature(B, C) Draft angle(D,")
Design 0 400 05
parameters
1 440 1.0
2 480 1.5
Love] Friction coefficient(M, 0.3)
Noise
factors 0 -3%
1 +3%
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[Table 2] Data for FE-simulation
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[Table 3] Orthogonal array and SN ratios for forming load
Inner Array Outer Array(kN)
Factor A B C D
Parameter Preform | Material Temp. Error Draft angle Friction .
Column no. SNi
1 2 3 4 MO M1
No.
1 0 0 0 0 428.8 430.4 -52.66
2 0 1 1 1 366.2 378.1 -51.42
3 0 2 2 2 3114 318.1 -49.96
4 1 0 1 2 398.8 407.4 -52.11
5 1 1 2 0 345.3 353.2 -50.86
6 1 2 0 1 291.7 300.7 -49.43
7 2 0 2 1 426 4274 -52.60
8 2 1 0 2 329.4 355.1 -50.69
9 2 2 1 0 290.8 307.3 -49.52
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[Table 4] SN ratio of the proposed factor levels using FE-simulation for maximum forming load

Design parameters

Forming load(kN)

SN
Preform Material Temp. Draft angle Friction(-3%) Friction(+3%)
11 480 1.5 273.6 281.3 -48.86
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[Fig. 6] Distribution of effective strain
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