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UBET Analysis of Combined Forging of Non-Axisymmetric Shapes
with Inciined Protrusion

Jeong-Ho Yoon and Dong-Yol Yang

Key Words: UBET (Upper-Bound Elemental Technique : 44 8. 48%), KAVF (Kinematically

Admissible Velocity Field : & 7} 8& <4 % 3), Work-Hardening (7} 2 7 3}),
Backward Reduction of Area(3%} sl 2b4-8), Critical Height Reduction (¢ A}

¥o] %4-%), Elemental Characteristic Variable( 2.4 &4 w4)
Abstract

The study is concerned with the analysis of combined forging of non-axisymmetric shapes with
inclined protrusions by UBET technique. Work hardening is considered for the given range of
strain rate during the forging process. A complex shape with inclined cavities is analyzed by
subdividing the workpiece into finite UBET elements for which simple velocity fields are
applicable. An experimental set-up was designed and manufactured for the experiment, and
experiments are carried out with lead billets. The devised set-up can be used for closed-die forging
of complex shapes with protrusions in which the dies can be separated automatically for easy
removal of the forged products. Based on the derived kinematically admissible velocity fields for
corresponding UBET elements, general computer programs have be¢a developed. Since the
energy dissipation rate for each elemental region is provided by subprograms (Subroutine or
Function), the developed program can be applied to the forging problems of various shapes. The
present study has shown that the method developed can be effectively applied to forging of
non-axisymmetric shapes with complicated protrusions.
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Fig. 1 Shape and dimension of the product
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Table 1 Dimensions of the lower die.(Corre-

sponding to Fig. 1)

Notation Value
Dy 35mm
. 36.87°
Xr 9mm
Yr 10.5mm
X1 23mm
A 5mm
Z2 10mm
Zs 15mm
ay 4227
ay 42.27°
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Fig. 2 Element system at the 1st stage
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Fig. 3 Element system at the 2nd stage
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Fig. 5 Element system at the 4th stage
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i End Plaie 5840 1 8 Column SCM4 | 4
2 Sliding Plate (No.1) $S40 1 9 Moving Base Plate FC40 1
3 Arm KP4 2 10 Supporting Plate(No.2) | KP4 1
4 Supporting Plate(No.1) | KP4 1 11 Pin SCM4 2
5 Sliding Plate(No.2) SK3 1 12 Pin SCM4 | 2
6 Sliding Plate(No.3) SK3 1 13 Return Guide Plate $45C 2
7 Die Set SKD61 1 set 14 Pin SS40 2
Fig. 10 Experimental setup
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Table 2 Error in effective stress caused by neg-
lecting strain rate

Strain rate(s™)
Height - - Error in
reduction Compression | Combined 5
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Initial 0.286 0.384 1.1~-1.7%
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Initial 0.286
. 2.7~3.7%
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