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Potential Damage Region Investigation of WC-Co Cemented Carbide Die
Based on Finite Element Analysis of Cold Forging Process

S. H. Ryu, S. H. Jung, H. Y. Jeong, K. I. Kim, G. S. Cho, W. Noh
(Received October 16, 2022 / Revised November 15, 2022 / Accepted November 18, 2022)

Abstract

The potential damage region of a WC-Co cemented carbide die is investigated for cold forging process of a
wheel-nut by numerical simulation with its chemical composition considered. Numerical simulation is utilized to
calculate internal stress, especially for the WC-Co die, during the forging process. Finite element model is
established, in which the elasto-plastic properties are applied to the work-piece of bulk steel, and elastic properties
are considered for the lower die insert of the WC-Co alloy. This stress analysis enables to distinguish the potential
damage regions of the WC-Co die. The regions from calculation are comparatively analyzed along with the crack
area observed in the die after repetitive manufacturing. Effect of chemical composition of the WC-Co is also
evaluated on characteristics of potential damage region of the die with variance of mechanical properties considered.
Derived from Mohr-Coulomb fracture model, furthermore, a new stress index is presented and used for die stress
analysis. This index inherently considers hydrostatic pressure and is then capable of deducing wide range of its
distribution for representing stress state by modification of its parameter implying pressure sensitivity.

Keywords: Cold forging, WC-Co cemented carbide, Die stress analysis, Potential damage region
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Fig. 1. A schematic diagram of the cold forging process.
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Fig. 4. Cold forging process of wheel nut.
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