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Optimization of a Hot Forging Process Using Six Sigma Scheme
and Computer Simulation Technology Considering Required
Metal Flow Lines
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Abstract

In this paper, the six sigma scheme together with the rigid-viscoplastic finite element method is employed to obtain the
optimal metal flow lines of a hot forging according to the six sigma processes, i.e., five steps such as define, measure,
analyze, improve and control. Each step is investigated in detail to meet customer’s requirements through improvement of
product quality. A forging simulator is used for analysis of the metal flow lines of the hot forging, manufactured by a hot
press forging machine, under various conditions of major factors determined at each step. The analyzed results are
examined in order to reveal the effects of major factors on the metal flow lines and the formed shapes. The effects are
then used to find an optimal process and the optimal process with die is devised and tested. The comparison between the
required metal flow lines and the experiments shows that the approach is effective for optimal process design in hot
forging considering metal flow lines.
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Table 1 Material property and process conditions A ZEA2Q A, A4, B4, N4 €2 @

Material STB2 g SA g z+ dAE FeARE HEdta

Mean die velocity v = 300mm/s HEHE st

Material temperature T=1150C

Coefficient of Coulomb 3.1 o &4
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Table 2 X-Y matrix
v's Outer Thickness Metal External | Internal | Side face
diameter | of flange flow defect defect burr %
X’s weight 10 9 8 7 6 5
Analysis method 27 1 1 1 1.9%
Number of element/node 54 2 2 2 3.8%
Remesh 63 3 1 3 4.5%
Isothermal analysis 108 3 3 4 1 2 7.7%
Method Contact treatment scheme 102 3 2 5 2 7.2%
Contact allowance limit 106 4 3 4 1 7.5%
Friction coefficient 172 5 3 7 3 3 12.2%
Number of stage 225 3 3 8 8 8 16.0%
Die shape of each stage 288 4 4 10 9 9 3 20.5%
Die velocity 68 2 6 4.8%
Meterial material shape 106 7 5 4 1.5%
flow stress 89 5 7 6.3%
Total 1408 100.0%
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Fig. 5 Effect of blank shape

), B3 Fge] RAolUNEd, LHY), FTAA
FA9 xto](82mm, 7.2mm), A FUFHe] 2}
©](0.9kg, 1.0kg)ol et 442 A st} AR

T3t Th Fig. 4~70) AN A1z G o]
By 24 2738 JehiA

rL m\m

B AMIZ S X|/H 14 H9E, 2005H/801



S
fol
r

(a) 8.2mm

(b) 7.2mm
Fig. 6 Effect of flange thickness

(a) 0.93kg

(b) 1.0kg
Fig. 7 Effect of weight of material
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(a) Experiment (b) Analysis

Fig. 8 Comparison of the experimental result with the
analysis result of the optimal process design
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Fig. 9 Structural analysis result of the new design
improved by flange thickness reduction
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