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A Study on the Forming Characteristics of Forward and Backward Extrusions

Ji Hun Shim”, Ho Joon Choi™", Jeong Han Ok’, Byoung Soo Ham" and Beong Bok Hwang”

ABSTRACT

In this paper a forward-backward can extrusion ~process are analyzed by using rigid-plastic FEM simulation. FEM
simulation is conducted to investigate forming characteristics such as deformation modes for different process
parameters. Design parameters such as thickness ratio, punch angle, friction factor and diameter ratio are selected to
study the effect of them on the pattern of material flow. The analysis is focused mainly on the influences of the design
factors on deformation pattern in terms of forming load, extruded length ratio and volume ratio. It is known for the
simulation that the forming load, the length ratio and the volume ratio increase as the thickness ratio (7R), the wall
thickness in forward direction to that in backward direction, decreases. The various punch angles have slight influence
on the forming load, length ratio and volume ratio. However friction factor have little effect on the forming
characteristics such as the forming load, volume ratio and so on. In addition the forming load increases as diameter ratio
(DR), the outer diameter of a can in forward direction to that in backward direction, increases. Furthermore the extruded
length ratio is lowest with a certain value of DR=0.85 among diameter ratios. Pressure distribution exerted on the die-

matenal interface is illustrated schematically.

Key Words : Thickness ratio (77 H]), Forming load (% 3 3}%"), Die pressure (&3 3% 3), Volume ratio (¥
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Fig. 1 Geometries used in analysis
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Table 1 Description of symbols

Symbol | Description Symbol | Description
p, | [nitialbillet Rs | Tube radius
diameter
Punch Mandrel
Dy diameter Ry radius
D Mandrel ] Backward can
m diameter o height
D Forward can 1 Forward can
f diameter f height
Hy Punch stroke 20 Punch angle
. Backward can
R, Punch radius Wy thickness
. . Forward can
R, Die radius Wi thickness
Ak el §85HE A-FY BgETEY A
YEHE ol ste] FaYFEAY )
o3 24 (simulation)S $3Act. FAy|

(thickness ratio), P}&d4(friction factor), HX|Z
(punch angle), 2}&Y](diameter ratio) T2 AA RS
(design parameters)E-& @e|3lHA A¥EHF, thol
S+ (die pressure), ¥4 (volume ratioc) ¥ H-F



n_0|{_|’
of
3

AAE AEE

o
s

A2 AAFEER] A 22E A3E

Table 2 Design parameters used in simulation

Parameters Values

Thickness ratio (Wy/ W) 06,0.8,10,12,14
Punch angle (2a) 160°, 180°, 200°
Friction factor (m) 0.1,0.2

Diameter ratio (Dy/ Dy) 0.55,0.7,0.85
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Fig. 3 Extrusion loads for various thickness ratios
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Fig. 4 Extruded length ratios for various thickness ratios
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Fig. 5 Volume ratios for various thickness ratios
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Fig. 7 Extruded length ratios for various punch angles
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Fig. 8 Volume ratios for various punch angles
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Fig. 10 Volume ratios for different friction factors
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Fig. 12 Extruded length ratios for various diameter ratios
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Fig. 14 Deformation patterns and effective strain distribution for various DRs
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Table 3 Die pressures and extruded lengths for

various DRs

o Diameter ratio (D;/D5)
Description
0.55 0.7 0.85
Punch 527.4 441.5 466.4
Max.
pressure Die 154.3 97.9 63.1
(MPa)
Mandrel | 643.2 437.6 | 446.8
Extruded | Backwar | 49 5 387 | 366
length
(mm) Forward | 18.3 16.6 15.6
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