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Reason of Die Fracture in Automatic Multistage Cold Forging
of a High Strength Ball-Stud

Q.S.Li, J. G Eom, Y. S. Kim, E. J. Kim, M. S. Joun

Abstract
In this paper, a longitudinal die insert fracture which occurred during cold forging of a high strength ball-stud with a
sound die design nearly optimized empirically for relatively low strength material of SCM435 is introduced and the
reason is revealed. A comparative study between SCM435 and ESW105 is quantitatively made using a thermoelastic
finite element method for die structural analysis coupled with a forging simulator theoretically based on a rigid-plastic
finite element method. It has been shown that the longitudinal die insert fracture caused from non-optimized value of
shrink fit, emphasizing that the die optimal design is inevitable for cold forging of high strength materials.
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Fig. 1 Cold forging process design of a ball-stud

(2) Fractured die (b) Scratched product
Fig. 2 Fractured die and its associated scratched
product
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Fig. 3 Flow stress information of SCM435 and
ESW105
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(a) Drawing of lower die  (b) Finite element model
Fig. 4 Detailed drawing of lower die of the last stage
and its finite element model
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Table 1 Elastic property of die materials

Material |[Young’s modulus (GPa)| Poisson’s ratio
WwC 696 0.24 .
SKD11 210 0.30
SKD61 200 0.28
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Fig. § Variation of effective stress and circumferential
stresses at the fracture point with stroke
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(a) SCM435 (b) ESW105
Fig, 6 Effective strain and interfacial stress at elapsed
stroke of 16mm
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(b) ESW105
Fig. 7 Effective stress and circumferential stress at the
possible die-fracture stroke
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