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Development of Mandrel Forging Process for Large Conical Aluminum
Shell
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Abstract

This paper has developed a forging process for conical shells for making aluminum cylindrical large shells. An
incremental forging process was applied to reduce forging loads and die cost. The preform is designed based on the cross-
sectional area of the final forged shape. Inner diameter of the preform for mandrel forging is constant, and outer diameter is
conical so that it matches the cross-sectional area of the product. However, simulation confirmed that the larger diameter is
smaller than predicted and the length is larger than predicted because in the initial stage of forging, the large diameter
portion first comes into contact with the anvil at the initial stage of forging and stretches in longitudinal direction. So, it has
developed a rule to design the preform considering 3-D deformation instead of plane strain deformation at the beginning
stage of mandrel forging. The developed mandrel forging process can be applied to more similar products and economic

benefits may be obtained.
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Fig. 1 Shape and dimension of conical shell
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Fig. 2 Flow stress-strain curves of AL2014[8]

Table 1 Thermal properties of AL2014[8]
Thermal conductivity (N/sec/°C) 180.2
Heat capacity(N/mm?/°C) 2.433
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Fig. 3 Schemetic diagram of mandrel forging process
(a) set up, (b) initial stage, (c) mid stage, (d) final
deformed shape
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Fig. 4 Preform design for mandrel forging process
(a) final shape, (b) preform shape
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Table 2 Main dimension of conical shell by simulation

Discription (plaz?argfr;in) Simulation Error
t;  (mm) 123 123 0.0%
He (mm) 942 1078 14.4%
Ds  (mm) 1208 1193 -1.2%
Dy (mm) 1824 1493 -18.1%

(@) (b) (©)
Fig. 5 Simulation result for mandrel forging (a) initial
preform (b) mid stage (c) final stage
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Fig. 6 Forging loads of mandrel forging process
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Fig. 7 Redesigned preform with compensated volume
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Fig. 8 Forging loads of mandrel forging process using
modified preform

Table 3 Main dimension of conical shell by mandrel
forging process using modified preform

Target _ )
Contents . Simulation Error S
(plane strain) (b) mid stage

t (mm) 123 123 0.0% E——
Hy  (mm) 942 1059 12.4% \
Ds (mm) 1208 1264 4.6%
Dy (mm) 1824 1665 -8.7%
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Fig. 9 Mandrel forging for prototype conical shell
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Table 4 Main dimension of conical shell by forged

prototype
Contents Target Protype Error
t, (mm) 123 136 10.6%
He (mm) 942 941 -0.1%
Ds  (mm) 1208 1210 0.2%
Dy (mm) 1824 1795 -1.6%
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