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1.Research background

WC-Co cemented carbide achieves the required
toughness and strength by combining the high hardness
provided by the hard WC phase with the ductility of the
tough Co phase. When the temperature is gradually
lowered from the sintering temperature, the coefficient of
thermal expansion differs greatly, and residual thermal
stress is generated in the hard phase and the binder
phase.
In order to investigate the influence of stress
distribution in the microstructure on the macro-mechanical
properties, a finite element model based on the real
microstructure of the WC-10wt.%Co cemented carbide is
established [1]. By simulating the residual thermal stress of
the alloy, the stress and stress distribution in the WC
phase and the Co phase are analyzed, and the simulation
results are compared with the experimental and analytical
values.

2. Model for residual stress
Ø Real microstructure from experiment is needed for a reliable
finite element simulation. The real microstructure image is
recognized by FEI Helios Nanolab 600i field emission
scanning electron microscope under the condition of 40,000
magnification, as shown in Figure 1. The gray part is the WC
phase, and the black part is the Co phase.
Ø Here, first AutoCAD software is used to convert SEM image
into a DXF digital file. Then, the digitals are input into
ABAQUS software to build a microstructure model.
According to this model, a two-dimensional microstructure
map of non-overlapping WC grains can be obtained. As
shown in Fig.2, the gray area is WC phase, and the white
area is the Co phase.

Material properties [2] adopted in the FE model
Material
WC
Co

Young’s
modulus/G
Pa
719
213

Poisson’s
ratio
0.19
0.31

thermal
expansion
coefficient/K
5.2E-6
1.33E-5

Fig.1 SEM image of WC10wt.%Co cemented carbide

Fig.2 FE model of WC-10 wt.%Co
cemented carbides based on SEM map

3.Results

Fig.3 Finite element
simulation process

Fig.4 The average residual thermal stress of WC and Co phase
against temperature

Fig.5 The maximun principal stress in (a) Co phase, (b) WC phase, (c) WC-Co alloy

Fig.6 The minimun principal stress in (a) Co phase, (b) WC phase, (c) WC-Co alloy

4.Conclusion
u According to the principal stress distributions, there are both tension stress and compression stress
in the WC phase and Co phase;
u The average stresses of the WC and Co phases are calculated to be -170MPa and 920MPa,
respectively;
u The simulated value and the experimental value[3] show a good agreement, which verifies that the
finite element model is effective for calculating the residual thermal stress.
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