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Abstract: In this paper, the effect of PDC cutter angle on the failure mechanism of rock like materials
was investigated using experimental test and numerical simulation. For this purpose, three PDC cutter with
different angle were built, i.e. 0°, 30° and 60°. Nine gypsum sample with dimension of 14cm*11cm*5cm
were prepared. The ratio of gypsum to water was equal to 2. For each PDC angle, three similar gypsum
blocks were tested. The blocks were situated above the PDC cutters and these assemblies were fixed in
Uniaxial test machine. The loading rate was 0.05 mm/min. concurrent with experimental test, numerical
simulation was performed using particle flow code in two dimension. Firstly calibration of PFC was done
using experimental results. Secondly, numerical model with dimension of 14cm™*11cm was prepared. Then,
five PDC cutter angles were built, i.e. 0°, 15°, 30°, 45° and 60°. These cutters were situated at lower part
of the model and move in positive side of y direction by rate of 0.01 mm/min. the results show that failure
patterns were affected by PDC angle. Also maximum failure load was controlled by failure pattern. The
maximum failure load was decreased by increasing the PDC cutter angle. The maximum failure load was
related to angle of 0. The minimum failure load was related to angle of 60. The experimental results were
similar to numerical simulations out puts.

Keywords: PFC2D, Cutter angle, Tensile crack.

INTRODUCTION

Drill bit is a practical tool for rock drilling. Tian [1] developed a new drill bit for rock cutting. Xu [2],
developed a diamond drill bit for rock cutting. Li et al [3], studied the effect of bit angle on the failure
mechanism.

EXPERIMENTAL TEST

The mixture of gypsum and water was used for model preparation. Uniaxial strength and tensile strength
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of model material were 10.5 MPa and 1.3 MPa, respectively (Figure 2). Figure 3 shows rectangular box for
model preparation. Figure 4 shows the stain less steel box for bit testing. The testing was performed using
uniaxial test machine under 0.01 mm/sec (Figure 5).

Cutter =

(A) (B)

Figure 1. The effect of bit angle on the failure mechanism

(V) (B)
Figure 3. Rectangular box

Figure 4. The stain less steel box for bit testing
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Upper loading Plate

.

lower loading Plate

Figure 5. Uniaxial test machine

FINDINGS AND ARGUMENT

Figure 6 shows the failure pattern occurd in the model with cutter angle of 0°. The tensile crack was
initiated beneath the cutter and was propagated parallel to loading axis till coalescenced to sample edge.

(A) (B) | ©

Figure 6. The failure pattern occurd in model with cutter angle of 0°

Figure 7 shows the failure pattern occurd in the model with cutter angle of 30°. The tensile crack was
initiated beneath the cutter and propagated parallel to loading axis till coalescenced to sample edge.

(A) (B) ©

Figure 7. The failure pattern occurd in model with cutter angle of 30°

Figure 8 shows the failure pattern occurd in the model with cutter angle of 60°. The tensile crack was
initiated beneath the cutter and propagated parallel to loading axis till coalescenced to sample edge.

(A) (B) ©

Figure 8. The failure pattern occurd in model with cutter angle of 60°
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Figure 9 shows the effect of cutter angle on the failure load. The failure load was decreased by increasing

the cutter angle.
cutter angle (degree)
Figure 9. The effect of cutter angle on the failure load
PFC2D SOFTWARE

Figure 10 shows particle generation processes. Figure 11 shows model calibration results. The out puts of

numerical simulation was similar to experimental one. Figure 12 show the rectangle model with dimension
of 100 mm*100mm for indentation test.

A) (B) © (D)

Figure 10. Particlegeneration processes

Figure 11. Model calibration results

Figure 12. The rectangle model with dimension of 100 mm*100mm for indentation test
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Figure 13 A-D shows the failure pattern occurd in the model with cutter angle of 0°, 15°, 30°, 45°
and 60°. The tensile crack was initiated beneath the cutter and propagated parallel to loading axis till
coalescenced with sample edge.

(A)

® ) (E)
Figure 13. The failure pattern occurd in the model with cutter angle of A: °+, B: 15°, C: 30°, D: 45° and E: 60°

Figure 14 shows the effect of cutter angle on the failure load. The failure load was decreased by increasing
the cutter angle.

Fainal force (N) *10°

[} 10 20 30 40 50 60 70

cutter angle (degree)

Figure 14. The effect of cutter angle on the failure load

CONCLUSIONS

In this paper, the effect of PDC cutter angle on the failure mechanism of rock like materials was
investigated using experimental test and numerical simulation. For this purpose, three PDC cutters with
different angle were built, i.e. 0°, 30° and 60°. Nine gypsum sample with dimension of 14cm*11cm*5cm
were prepared. The ratio of gypsum to water was equal to 2. For each PDC angle, three similar gypsum
blocks were tested. The blocks were situated above the PDC cutters and these assemblies were fixed in
Uniaxial test machine. The loading rate was 0.05 mm/min. concurrent with experimental test; numerical
simulation was performed using particle flow code in two dimensions. Firstly calibration of PFC was done
using experimental results. Secondly, numerical model with dimension of 14cm*11cm was prepared. Then,
five PDC cutter angles were built, i.e. 0°, 15°, 30°, 45° and 60°. These cutters were situated at lower part
of the model and move in positive side of y direction by rate of 0.01 mm/min. the results show that failure
patterns were affected by PDC angle. Also maximum failure load were controlled by failure pattern. The
maximum failure load was decreased by increasing the PDC cutter angle. The maximum failure load was
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related to angle of 0. The minimum failure load was related to angle of 60. The experimental results were
similar to numerical simulations out puts.
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