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Abstract. The contact stress of cemented carbide with NCD coating in elastic contact was analyzed
using ANSYS. Factors such as elastic modulus and thickness of NCD film and elastic modulus of
interlayer which affect the shear stress distribution of NCD film on cemented carbide substrate were
investigated. The results show that the maximum shear stress point moves towards the interface
with the increase of film elastic modulus. Film thickness has a significant effect on shear stress
distribution of NCD film. High shear stress develops in the film layer with the increase of film
thickness. Interlayer with low elastic modulus will cause shear stress concentration in NCD film.

Introduction

NCD (nanocrystalline diamond) film has wide application prospects in the field of tool and mould
technology because of its extremely high hardness, excellent wear resistance and other superior
performance. NCD coating has been proved to be an effective way to improve the cutting
performance of the cemented carbide cutting tool and extended its fatigue life [1-3]. However, the
variation of contact stress distribution usually accompanies the protection of NCD coating due to
the difference in mechanical properties between the coating and the substrate [4].

The fatigue failure mechanism of coating-substrate system is complicated. Tensile failure may
take place on the surface due to plane stress. Press stress at the interface will wrinkle the film
whereas shear stress may cause interfacial fracture [5]. Experimental results indicated that film
peeping and cracking from the interface is the main failure mode of diamond coating on cemented
cutting tools [6-7]. Therefore, investigation on the shear stress distribution at the interface in contact
status is important to comprehend the fatigue failure mechanism of NCD coating. Moreover, it will
play a positive role in searching the optimum CVD process parameters.

In this work, the FEM was used to analyze the contact shear stress in the coating-substrate
system. Factors such as elastic modulus and thickness of NCD film and elastic modulus of
interlayer which affect the distribution of the shear stress were investigated.

Finite Element Model

The software ANSYS was used to run the FEM models, using the meshes presented in Fig.1. Fig.2
presents a scheme of the coating-substrate system, which was composed of three layers: the NCD
film, the interlayer and the cemented carbide substrate (Fig.2). The thicknesses were expressed as ty,
t; and tg respectively. In all models, t=1000pum, t=Ipm, and t; varied from 10um to 20um. The
mechanical properties of the models were presented in Table 1. Three different elastic modulus of
CD film (Ef =735GPa, 864GPa and 1020GPa) and two different elastic modulus of interlayer (E;
=100GPa and 720GPa) were investigated.
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— NCD film

Interlayer

Fig;l Finite element model Fig.2 Scheme of the coating-substrate

Table 1 Properties of the material in the model

Material Elastic modulus[GPa] Poisson ratio
Indenter TiN+Co 600 0.22
NCD film Diamond 735~1020 0.07
Interlayer WC+ Diamond+Graphite 200~720 0.26
Substrate WC+Co 540 0.22

Since the model was axisymmetric, 2D axisymmetric element was selected (Fig.l). A normal
load of 100N was gradually applied on the indenter by 12 sub steps, as indicated in Fig.1. The NCD
film layer was assumed to be elastic in all cases and the residual stress was ignored.

Results and Discussion

Effect of Film Elastic Modulus. Fig.3 and 4 show the global shear stress distribution and the shear
stress distribution of NCD film with different film elastic modulus. In all models of Fig.3 and 4, t; =
10um and E; = 720GPa. In Fig.3, the global maximum shear stress (expressed as Tmax) IS present
below the interlayer and the distance to the interface varies with film elastic modulus. Fig.4. shows
that in all cases the maximum shear stress in NCD film (expressed as Trmax) is present at the
interface and high shear stress distributes in 2/5 of the film. The results aforementioned indicate that
elastic modulus of NCD film has no significant effect on shear stress distribution of the
coating-substrate system.

F ig.4
Effect of Film Thickness. Fig.5 and 6 show the global shear stress distribution and the shear

stress distribution of NCD film with different film thickness. In all models of Fig.5 and 6, E; =
720GPa, Ef = 1020GPa. Fig.5 and 6 shows the variation of Tmax point and Tfmax point. It can be
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observed in Fig.5 that Ty, point transfers from the substrate (Fig.5a) to NCD film (Fig.5b and.5¢)
cause of thickness increase. Similar trend can be observed in Fig.6. As indicated in Fig.6, high shear
stress develops in the film when thickness increases. The width of high shear stress area expands
from Sum for [0um films (Fig.6a) to [2um for 20pm films (Fig.6¢).

According to the analysis aforementioned, it can be concluded that film thickness has a
significant effect on inner shear stress distribution of NCD film. The results can be an explanation
to support the experimental finding that the fatigue behavior of cemented carbide tools with
10um-thick NCD coating is better than those with thicker coatings.

—a)te=10-pm——— t=20-pum-—

F lgt6 S}?e};r stress distribution ())f tNCD film with different fi?m thickness

Effect of Interlayer. The interlayer is a thin layer formed in the initial period of CVD process
which contained WC, graphite and diamond, of which the mechanical properties can be various.
Fig.7 and 8 show the global shear stress distribution and the shear stress distribution of NCD film
with different interlayer elastic modulus. In all models of Fig.7 and 8, t;= 10um, Ef= 1020GPa.

Fig.7 shows that the global shear stress distributions with different interlayer are similar.
However, variation can be observed in NCD film. As indicated in Fig.8, for low interlayer elastic
modulus, tfmax point transfers from the interface (Fig.8a) to the interior of the film (Fig.8b) and
shear stresses in the film concentrate with the displacement of tfmax point. The shear stress
concentration in NCD film is probably related to the deformation of the interlayer.

_ a)E;=100GPa . b)E=720GPa
Fig.8 Shear stress distribution of NCD film with different film elastic modulus
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Conclusion

Elastic modulus of NCD film has no significant effect on shear stress distribution of the
coating-substrate system. Film thickness has a significant effect on inner shear stress distribution of
NCD film. High shear stress develops in the film layer when film thickness increases. Interlayer
with low elastic modulus will cause shear stress concentration in NCD film. Coating failure is more
likely to take place in the status aforementioned.
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Abstract. The thermal blockage and thermal round flow in HFCVD system for CVD diamond
growth will lead to un-stability of product quality. Finite element method has been used to simulate
the gas flow field around the cutting tool substrate within a HFCVD diamond reactor. Experiments
have been done to prove the simulation results. Excellent agreement between simulation and
experiment was obtained by depositing of CVD diamond coated cutting tool. The thermal blockage
and thermal round flow in HFCVD system decrease by using a hollow substrate holder. High
quality CVD diamond coating can be obtained using a hollow substrate holder.

Introduction

Chemical vapor deposition (CVD) diamond is an excellent tool material with a series of mechanics,
thermal characteristics close to natural diamond. It improves the wear resistance and the durability
of cutting tools significantly with CVD diamond coating . During the growth of CVD diamond
films, the uniformity of the reaction gas flow field is one of the preconditions to ensure the quality
and uniformity of the coating. The atomic hydrogen and activated carbon group are the direct
reactants to form diamond film. How they reach the hot filaments and the substrate and how they
distribute on the substrate greatly affect the growth of diamond films ©*!. The research on the gas
flow field around the cutting tool substrate is of great significance to obtain high quality CVD
diamond coated cutting tools.

Finite Element Models
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Fig.l Reaction gas flow field models of HFCVD system

Fig.1a shows the reaction gas flow field model of HFCVD diamond reactor. The movement of
reaction gas flow in the HFCVD diamond reactor is a complex process, during the movement of
reaction gas there are heat transfer, chemical reaction, and so on L] During the deposition process,
the reaction gas is mixed evenly and then it gets into the reaction chamber through an intake pipe.
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