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Fig.1 Construction process of the finite element geometric model: (a) original microstructure image, (b) finite element geometric model, and

(c) meshing for the model
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Table 1 Physical properties of WC phase and Co phase used in

the finite element model

Property parameter Value

Elastic constants of anisotropic WC/GPa Cn 720.0
Ci2 254.0

Cis 150.0

Css 972.0

Cu 328.0

Young’s modulus, Ewc/GPa 725-965
Thermal expansion coefficient, owcl C

20 C 3.2x10°

400 'C 4.0%10°

800 ‘C 6x10°
Poisson’s ratio, owc 0.197
Young’s modulus, Ec,/GPa 2135

Thermal expansion coefficient, aco/"C™

20 C 8.0x10°

400°C  14.0x0°

800°C  16.0x10°
Poisson’s ratio, vco 0.31
Yield stress, a,/MPa 683.0
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Fig.2 Residual thermal stress distribution in the cemented carbide: (a) maximum principal stress distribution in the Co phase and (b) minimum

principal stress distribution in the WC phase
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Fig.3 Statistical analysis for the mean residual thermal stress in the WC and Co phases: (a) distribution frequency of the average residual thermal

stress in each element of the Co phase and (b) average residual thermal stress of the WC grains with different elastic moduli
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Fig.4 Stress distribution in the Co phase under applied loads: minimum principal stress distribution under compressive load of 1000 MPa (a) and

2000 MPa (c); maximum principal stress distribution under tensile load of 1000 MPa (b) and 2000 MPa (d)
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Fig.5 Muises stress of Co phases with different morphologies under applied loads: (a) compressive load and (b) tensile load
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Fig.6 Stress distribution in WC phase under applied load: minimum principal stress distribution under compressive load of 1000 MPa (a) and

2000 MPa (c); maximum principal stress distribution under tensile load of 1000 MPa (b) and 2000 MPa (d)
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Fig.7 Mises stress of WC phases with different morphologies under applied loads: (a) compressive load and (b) tensile load
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Fig.8 Effect of elastic modulus on the stress state in the WC phase after loading: (a) the average stress after loading in the WC phase with different

Stress/MPa

elastic moduli, (b) the stress state in the WC phase under compressive loads, and (c) the stress state in the WC phase under tensile loads
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Fig.9 KAM distribution diagram of the Co phase in the cemented carbide sample after the three-point bending test: (a) the distribution in the
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Fig.10 KAM distribution diagram of the WC phase in the cemented carbide sample after the three-point bending test: (a) the distribution in the

compressive load region and (b) the distribution in the tensile load region
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Stress Analysis for Cemented Carbides Under Different Loading Conditions
Based on the Finite Element Method

Yang Yulu, Chen Jinghong, Lu Hao, Liu Xuemei, Song Xiaoyan
(Faculty of Materials and Manufacturing, Key Laboratory of Advanced Functional Materials, Ministry of Education,

Beijing University of Technology, Beijing 100124, China)

Abstract: The residual thermal stress (RTS) is distributed heterogeneously and has complex interactions with the applied loadings, which
significantly influences the mechanical properties of cemented carbides. The traditional experimental and simulation methods can only analyze the
stress distribution statistically, and they cannot be applied in the study on the microstructure scale to get the detailed stress distribution. Using the
finite element method, this study investigated the RTS in cemented carbides and the stress distribution under different loading conditions. Based
on the stress analysis, it proposed a method to strengthen cemented carbides by tailoring their microstructures. The new approach presented in this
study can be applied to stress analysis and microstructure tailoring for a broad range of multiphase composites.
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