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Prediction of Ductile Fracture
in Metal Forming Processes
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ABSTRACT
Most of bulk metal forming processes may be limited by ductile fracture such
as surface or internal cracks developing in the workpiece. It is important to
identify the conditions within the deforming workpiece which may lead to
fracture, and then it is possible to modify the forming processes to produce
sound and reliable product. This paper suggests the scheme to simultaneously
accomplish prediction of fracture initiation and analysis of deformation in metal
forming processes. The Cockcroft-Latham criterion which is successfully applied
to a variety of loading situations is used in the present investigation to estimate
whether fracture occurs during the deformation process. The numerical
predictions and experimental results of two types of metal forming process are
compared, axisymmetric extrusion and simple upsetting. The proposed scheme
has successfully predicted the fracture initiation found experimentally.
Key Words : Metal Forming Processes, Ductile Fracture, Cockcroft-Latham
Criterion, Axisymmetric Extrusion, Simple Upsetting
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Table 1 Chemical composition of commercial aluminum
Cr | Ti | zn | Si | Fe | Mg | Mn | Cu | Al
Wt % | 0004 | 0008 | 004 | 021 | 055 | 070 | 077 | 161 | bal
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Table 2 Calculated levels of deformation and Cockcroft-Latham equation at

fracture
Aspect Ratio Level of deformation nAccumulated
(H/D) at fracture z=:1( OeAE )i value
Extrusion 0.50 11.7%(V.R%) 22.87 N/mm?
0.75 56.4%(H.R%) 22.81 N/mm?
Upsetting 1.00 56.7%(H.R%) 22.62 N/mm?
1.5 57.8%(H.R%) 22.72 N/mm?

Table 3 Comparison between calculated and experimental levels of deformation

at
Aspect Ratio Level of deformation at fracture
Type
(H/D) Calculated value | Experimental value

Extrusion 0.50 11.7%(V.R%) 14.3%
0.75 56.4%(H.R%) 57.2%
Upsetting 1.00 56.7%(H.R%) 61.6%
1.25 57.8%(H.R%) 62.6%

Fig. 1 Flow chart combined the finite element method
with the fracture prediction
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Fig. 2 Schematic view of experimental apparatus for uniaxial tensile test
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Fig. 3 Schematic view of (a) experimental apparatus and (b) shape of die
for axisymmetric extrusion
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Fig. 4 Experimental results for axisymmetric extrusion
(a)initial billet (b)V.R=11.3%(no fracture)
(c)V.R=14.7%(fracture) (d)V.R=32.6%(fracture)
(e)V.R=38.7%(fracture) (f)V.R=56.7%(fracture)
(g)micrograph of region with fracture shown in (c)(50x)

Fig. 5 Experimental results for simple upsetting(H/D=0.75)
(a)initial billet (b)H.R=30.4%(no fracture)
(c)H.R=56.2%(fracture) (d)H.R=58.2%(fracture)

Fig. 6 Experimental results for simple upsetting(H/D=1.0)
(a)initial billet (b)H.R=44.7%(no fracture)
(c)H.R=63.1%(fracture) (d)H.R=63.3%(fracture)
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Fig. 7 Experimental results for simple upsetting(H/D=1.25)
(a)initial billet (b)H.R=58.7%(no fracture)
(c)H.R=62.7%(fracture) (d)H.R=72.5%(fracture)
(e)micrograph of region with fracture shown in (c)(100x)
(f)micrograph of region with fracture shown in (d)(100x)
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Fig. 8 Grid distortion and distribution of effective strain at the level

of deformation at fracture
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Fig. 9 Grid distortion and distribution of effective strain at the level
of deformation at fracture
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Fig. 10 Grid distortion and distribution of effective strain at the level
of deformation at fracture
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Fig. 11 Grid distortion and distribution of effective strain at the level
of deformation at fracture
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