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A Study on the Prediction of Fatigue Life in the Axi-symmetric
Extrusion Die

S. H. Ahn®, T. H. Kim*, B. M. Kim**, J. C. Choi™*

ABSTRACT

The present paper will give some results of the fatigue behavior of typical axi-symmetric forward extru-
sion die. The extrusion process is analyzed by rigid-plastic FEM and the deformation analysis of extrusion
die is conducted by elasto-plastic FEM. To approach the crack problem LEFM (Linear Elastic Fracture
Mechanics) is introduced. Using special element in order to consider the singularity of stress/strain in the
vicinity of the crack tip, stress intensity factor and the effective stress intensity factor is calculated. Apply-
ing proper fatigue crack propagation criterion such as Paris/Erdogan fatigue law and maximum principal
criterion to these data, then, the angle and the direction of fatigue crack propagation is simulated. In
result, it is proved that the simulated fatigue crack propagates in the zigzag path along the radial direction
and fatigue life of the extrusion die is evaluated by using the computed crack growth rate.
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Table 1. Stress-strain relationship for AISI 1010

Material Stress-strain relation Yield stress

AISL1010 | 5= 71595 £ °N/mm! Y, =2265N/ mm’
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Fig. 1 Schematic diagram of workpiece and axi-symmetric
extrusion die
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Table 2. Mechanical properties for die materials

| Yomg’s moduls | Hardness Yield strengh
Materials 5 ‘ 5
V [N/ mm} - [ N/}
AlSI D2 208000 60 Sy = 2150
AIST H13 212000 54 Sy = 1500
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Fig.2 Modelling of deformation analysis of extrusion die
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Fig. 3 Stress distribution for interesting “I" region
(a) axial stress 0, (b)shear stress 7,
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Fig. 4 The three modes of loading
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Fig. 5 Stress components in the vicinity of the crack
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MAPPING OF TRACTION FROM WORKPIECE
TO PRESSURE OF DIE SURFACE

]

DETERMINATION OF THE POSITION OF THE CRACK
IN THE MQST STRESSED REGION

| RE-ANALYSIS OF THE STRUCTURE l

I OETERMINATION OF THE FRACTURE PARAMETERS (K, K,, Kqu
1.
L

I DETERMINATION OF THE ANGLE OF CRACK EXTENSION Q.J

EXTENSION OF CRACK BY AN ARBITRARILY SMALL INCREMENT
ALONG THE DIRECTION OF 8.

l

| RE-ANALYSIS OF THE STRUCTURE |

o
I DETERMINATION OF NEW FRACTURE PARAMETERS (K., Ki, K.)J

APPLICATION OF FATIGUE CRACK PROPAGATION CRITERION
PARIS/ERDOGAN LaW 38 = C (4K

DID YOU OBTAIN THE DESIRED
CRACK LENGTH OR FATIGUE LIFE ?

Fig. 6 Flowchart for the fatigue crack propagation and life
prediction of die.

w::{}t)llz:é of —-*——————~ extrusion process —————-‘
Fig. 7 The most interesting stages of forming to calculate
stress intensity factor
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Fig. 8 Mesh system for the fracture analysis by the FEM
(a) total mesh system(left side added)
(b) mesh system for the vicinity of the crack
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Fig. 9 Stress distributions in the vicinity of the crack tip
and other places for 0.1mm crack
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Fig.10 Stress intensity factors for different crack length
(a) for 0.1mm crack (b) for 0.6mm crack
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Fig.11 Effective stress intensity factor for increasing crack
length
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Fig.12 Computed fatigue life in the extrusion die
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