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Abstract

During the shape rolling process, the influence of reduction ratio and taper of shape roller on
deformation and limit of ductile fracture such as free surface cracks developing in the workpiece
has been studied. The deformation behaviours were analyzed by the 3-dimensional elasto-plastic
finite element method, and the conditions of ductile fracture were determined from 3-dimensional
elasto-plastic finite element method and modified Cockroft-Latham criterion. The deformed
geometry and prediction of ductile fracture by 3-dimensional elasto-plastic finite element method
are compared with experimental results The calculated results are in good agreements with
experimental data. The analysis used in the study was found to be effective in predicting the shape
rolling process.

Key Words : Shape Rolling Process, 3-D Elasto-Plastic Finite Element Method, Ductile Fracture,
Modified Cockroft-Latham Criterion
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Table 1 Chemical composition of tough pitch copper. (unit ; ppm)

Cu (0] Pb Zn Sn Fe Ni

Zn Ag As Se Te Cr Bi

Bal. | 244 443 40 68 19 93

40 72 4.2 8.1 3.1 2.0 1.7

Table 2 Mechanical propertie

s of tough pitch copper at 900°%C.

Yield strength (MPa) Young modulus(GPa)

Hardening modulus (MPa) Poisson’s ratio

10 75 100 0.33
C (unit : mm) 1
1
| D |
1 i
I o |
i ; § g Undeformed i
| i
i i R7 |
| |

Fig. 1 Schematic diagram of cast bar and shape roller
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Table 3 Dimensions of cast bar and roller.

Cast bar Roller geometry
Reductionratio (%) * Roll taper (°) ** A(mm) |B(mm) |C(mm) D (mm) E (mm)
upper | lower | outer |inner upper |inner lower
30.7 2.64 57.0 49.3 | 108.0 90.578 88.615
25.4 2.64 89.163 87.200
20.9 2.64 87.963 86.000
16.6 2.64 86.807 84.844
16.6 6.00 88.068 83.582
16.6 0.00 85.825 85.825
, . . (A+B)/2— (2C—D-E) . o ~(D—E)
[¢) — — 1
* : Reduction ratio(%) = (ATB) /2 X100, s * . Roll taper(°) =tan 1765
F%__
o
Fig. 2 Initial FEM mesh for analysis
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Fig. 3 Calculation of the changing stresses at the centre of the neck of a copper tensile speci-
men, using Bridgman’s method

SHAPE ROLLING PROCESS
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) 30.7% reduction ratio and ) 25.49% reduction ratio and (c) 20.9% reduction ratio and
2.64° roller taper 2.64° roller taper 2.64° roller taper

16.6% reduction ratio and (e) 16.6% reduction ratio and (f) 16.69% reduction ratio and
2.64° roller taper 6° roller taper 0° roller taper

Fig. 4 Distributions of effective plastic strain as a function of reduction ratio and roller taper
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