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Prediction of Ductile Fracture in Metal Forming Processes
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* (Graduate School, Pusan National Univ.

** Dept. of Mechanical Design Engineering, Pusan National Univ.

ABSTRACT
This paper suggests the scheme to simultaneously accomplish prediction of fracture
initiation and analysis of deformation in metal forming processes. The Cockcroft-
Latham criterion is used to estimate whether fracture occurs during the deformation
process. The numerical predictions and experimental results of simple upsetting are
compared. The proposed scheme has successfully predicted the fracture initiation

found experimentally.
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Table 1 Chemical composition of the Al alloy
Cr Ti Zn Si Fe Mg Mn Cu Al
L wt % | 0004 | 0.008 0.04 0.21 0.55 0.70 0.77 1.61 bal.

Table 2 Material parameters obtained from uniaxial tensile test

. Flow stress Strain hardening | Cockcroft-Latham
Material ] ..
coefficient coefficient constant
Al alloy 34649 N/mm? 0.173 2261 N/mm?
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Table 3 Calculated critical reduction in height and value of Cockcroft-Latham equation for

aspect ratios

Accumulated
Height Reduction n _
Case H/D (H.R) 2 1( 0cde.); value
I 0.75 56.36% 22.81 N/mm®
i 1.00 56.67% 22,62 N/mm?
I 1.25 57.76% 2272 N/mm”
Table 4 Comparison between calculated and experimental critical reductions in
height
Critical reduction in height
Case H/D Calculated value | Experimental value
I 0.75 56.36% 57.24%
il 1.00 56.67% 61.63%
m 1.25 57.76% 62.56%

“{LOOP ON NUMBERS OF ST!PS]
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DEFORMATIOM ANALYSIS

{RIGID PLASTIC FINITE FLEMENT METHOD)

l CALCULATE NODAL VELOCITY, STRAIN TENSOR, STRESS TENSOR |

!

| CALCULATE EFFECTIVE STRAIN

]

i

l CALCULATE COCKCROFT-LATHAM EQUATION, C’ ]

PRINT INFORMATION ON DUCTILE FRACTURE

Fig. 1 Flow chart combined the finite element method with the fracture prediction
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Fig. 2 Grid distortion and distribution of effective strain at the level of deformation
at fracture(Hatched element refers to the fracture prediction site)
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Fig. 3 Grid distortion and distribution of effective strain at the level of deformation
at fracture(Hatched element refers to the fracture prediction site)
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Fig. 4 Grid distortion and distribution of effective strain at the level of deformation
at fracture(Hatched element refers to the fracture prediction site)
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Fig. 5 Grida distortion and distribution of Cockcroft-Latham equation
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Fig. 6 Grid distortion and distribution of Cockcroft-Latham equation
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Fig. 7 Grid distortion and distribution of Cockcroft-Latham equation
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Photo. 1 Photo. 2

Experimental results for H/D=0.75 Experimental results for H/D=1.0
(a)original billet (b)H.R=30.44%(no fracture) (a)original billet (b)H.R=44.67%(no fracture)
(c)H.R=56.22% (fracture) (d)H.R=58.22% (fracture) (c)H.R=63.01%(fracture) (d)H.R=63.33% (fracture)

e ~ -3y Photo. 3
- L~ S~ 72T v N R

Experimental results for H/D=1.25
(a)original billet (b)H.R=58.67%(no fracture)
(c)H.R=62.67% (fracture) (d)H.R=72.53%(fracture)
(e)micrograph of region with fracture shown in (c)(100x)

(f)micrograph of region with fracture shown in (d)(100x)

-191-



