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Abstract: In this study, the impact resistance of Polycrystalline Diamond Compact (PDC) was studied with DIT drop weight
tester and high speed camera. The surface of PDC was analyzed by Digital Image Correlation (DIC). The reason of impact failure
of PDC was obtained by using the surface strain field of PDC. The results show that local delamination occurs near the impact
point of the polycrystalline layer. The brittle fracture occurs at the maximum tensile strain of the impact resistant composite sheet.
The quantitative relationship between the surface strain and the image obtained by DIC can effectively reflect the whole process
of PDC composite failure, and can reasonably explain the failure process of PDC composite, and provide scientific research

methods for engineering applications.
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PDC is the abbreviation of polycrystalline diamond
composite sheet, and its production process is sintered by
diamond powder (0.5-2.5 mm) on a cemented carbide
substrate at high temperature and high pressure (1,300-
1,500 °C, 5-7 GPa).

1. Introduce

PDC composite sheet is short for polycrystalline diamond
composite sheet. Its production process is sintered from
diamond powder (0.5-2.5mm) on cemented carbide matrix at
high temperature and high pressure (1 300-1 500 °C, 5-7 GPa)
[1]. At present, there are three experimental methods used to
study the impact resistance of PDC composite sheets at home
and abroad [2]. The rotary impact method of PDC turning
grooved granite is to make PDC composite sheets into
cemented carbide tools, cut granite according to a certain
cutting speed and feed speed, and take the number of impact
times required for granite defects as the evaluation standard.
Because granite is an anisotropic material, the reliability of
the measured data is not high. High-speed moving particle
erosion method is to accelerate the projectile particles to form
an impact current, which erodes the surface of PDC
composite sheet. Finally, the impact resistance of PDC
composite sheet is comprehensively evaluated according to
factors such as the quality of PDC composite sheet, the
material and speed of erosive particle before and after erosion.
This experimental process and analysis method are relatively
complex and require high requirements for experimental
equipment. So it is rarely used in practical application; The
heavy block impact method is carried out on the impact frame
of the suspended wire. It takes the total impact work required
for the specimen to be destroyed as the evaluation standard,
and this method ignores the failure form in the actual working
condition of the PDC composite.

. FuXiao Zhang[1] conducted experiments on PDC of five
different diamond particles and analyzed their fracture
morphology through scanning electron microscope. Finally,
he concluded that the finer the diamond particles and the
coarser the WC particles, the better the impact resistance of
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PDC. Xi[2] established a numerical model for cutting hard
rock with a monomeric polycrystalline diamond composite
(PDC) bit, and analyzed the effects of amplitude, frequency,
time parameters and waveform on the penetration depth of
PDC bit during torsional impact drilling. The results show
that the numerical simulation results are in good agreement
with the laboratory test results, and the correctness of the
method is verified. Zhiling Xiao[3] analyzed the equal effect,
impact force and crack growth of polycrystalline layer of
conical PDC teeth with diameter D30 series by ABAQUS.
The final result is that the series can withstand up to 7500J of
impact work, and the failure mode of the conical teeth
includes the ring loss at the top of the PDC layer, the
transverse spalling of the PDC layer and the overall cracking
of the conical teeth.

Li[4] studied the performance of polycrystalline diamond
compact PDC tools against different static thrust, impact and
cutting loads on Missouri red granite and Halston Limestone
by using drop hammer and linear cutting impact table. The
results show that the combined mode of cutting shocks is very
effective in very hard rocks. wang[5] et al. used a drop
hammer impact testing machine with loaded high-cycle
fatigue mode, and considered the effects of impact energy,
ball surface area, cemented carbide matrix thickness and PCD
layer thickness on the impact resistance of PDC. The results
show that the greater the impact force, the higher the crushing
rate; When the impact force is the same, the larger the surface
area of the ball, the lower the crushing rate. When the impact
force is the same, the larger the surface area of the ball, the
lower the crushing rate; The greater the thickness of the WC-
Co tungsten carbide tooth matrix and the smaller the thickness
of the PCD layer, the better the impact resistance of the
spherical tooth.

Zhang Suhui et al. [7] explored the performance changes of
PDC composites at different temperatures. The results show
that the performance of PDC decreases with the increase of
temperature, especially when the PDC reaches 800 °C. At the
same time, it is suggested that using PDC with different
performance in different parts of the bit can effectively



improve the life of PDC bit. Sun Wei et al. [8] used scanning
electron microscopy and PDC dynamic load resistance tester
to conduct comparative experiments on filled and unfilled
diamond composite sheets. The results show that the total
impact energy of the filled diamond composite can reach 450
J.

Digital image correlation is a more mature non-contact
measurement method, which is based on the artificial or
natural scattering changes before and after the deformation of
the object, so as to extract the full-field displacement and
deformation information.

Many scholars in the international arena have used the
DIC technique for strain measurements on a wide range of
materials. Xianyin Qi et al [9] obtained the full-field
displacement evolution law of the complete loading process
of composite rock by DIC. The final characteristics expressed
by each displacement cloud map fit with the damage
characteristics of the specimen. Tung et al [10] performed
tensile tests on steel specimens and showed that the modulus
of elasticity measured by strain gauges was 206 GPa, and the
modulus of elasticity of steel specimens determined by DIC
technique was equal to 201 GPa. A.J et al. [11] successfully
generated the full in-plane strain and out-of-plane
deformation data of the single lap joint of prepreg and non-
compensed fabric composite materials through DIC, and
determined the specific position and magnitude of the
maximum principal strain.

Sudarsanan et al. [12] analyzed the surface of an asphalt
concrete beam under fatigue loading by DIC technology and
obtained that the maximum vertical strain (€yy) of the beam
was only 5% at 10°C and increased to 25% at 30 °C. Liu et al.
[13] quantified the micron-scale in-plane plastic strain
through DIC, and finally analyzed that the maximum surface
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strain was independent of the indentation depth. Many
research results show that DIC technology is suitable for full-
field strain measurement of a variety of materials under
different loading modes, but there are few relevant studies and
data on impact resistance of PDC composites using DIC
technology.

The drop weight experiment method adopted in this paper
is to use DIT drop weight testing machine and high-speed
camera to collect the load of the drop weight impact process
and the image of PDC surface. DIC method was used to
analyze the strain field on the surface of PDC composite sheet,
and the impact work value required by crack and
delamination on the specimen surface was used as the index
to evaluate the impact resistance of PDC composite sheet.

2. PDC Impact Test

PDC composite sheets are two kinds of anti-impact and
anti-wear composite sheets provided by a Chinese
manufacturer, and their basic dimensions are shown in Figure
1. Before the test, the surface of PDC sample was sprayed
with speckle, as shown in Figure 2.

The testing machine adopts the DIT drop weight testing
machine with the maximum impact power of 300J. During the
test, the force signal of the whole impact process was
collected by the ut36 dynamic signal acquisition device
connected to the sensor of the hammer head of the drop
weight testing machine, and the acquisition frequency was
2.048MHz. The high-speed camera is NAC HX-6, with a
frame rate of 50000FPS and a pixel of 320x168 pixels.
Halogen lamp cold light source was used to irradiate the
surface of PDC sample for light intensity compensation, and
the test device was shown in Figure 2.

Figure 1. Basic size of PDC

Force signal sensor

Impact point

Figure 2 Test device
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Since there is no unified test standard, the impact loading
scheme for the impact resistance of PDC composite sheet is
studied. The loading process is divided into three steps. The
first step adopts 30 J impact power for 10 times, the second
step adopts 50 J impact power for 10 times, and the third step
adopts 80 J impact power for 10 times. Once the PDC
composite is cracked, the test is stopped.

As a non-contact deformation measurement technology,
when the surface of the sample is deformed, the gray level of
the surface image will change. The NCORR-DIC module
calculates the mapping relationship between the gray level
changes of the observation points before and after the
deformation (the mapping relationship is called the
displacement shape function [15]-[18]).
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Figure 4. Plot module interface

After the displacement shape function is obtained, the
strain is calculated from the displacement gradient, as shown
in Figure 3. The first frame picture and the subsequent frame
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picture are used as the reference object and the calculation
object respectively. The Resolution of Interest (ROI) is set as
the entire PDC surface area (145 pixelx145 pixel), and the



sub-areas are sown according to the seeds of (10 pixelx10
pixel). The strain cloud map required for later analysis is

exported in the Plot module, as shown in Figure 4.

3. Results and Discussion
3.1. Impact Load

The specific test procedure and failure information are
shown in Table 1, and the load time curve is shown in Fig. 5.

Table 1. Impact process and failure forms of specimens

30J(Impact S0J(Impact 80J(Impact .
Type . number of . failure mode
number of times ) . number of times)
times )
#1 impact resistance 10 10 1 PCD crush
#2 impact resistance 10 10 1 PCD crush
#3 Wear resistance 7 0 0 P(.:D .
delamination
#4 Wear resistance 10 7 0 P(.:D .
delamination

From the load time curve, it can be seen that when the
impact work is 30 J, the impact load is about 55 kN; when the
impact work is 50 J, the impact load of specimen #1, #2 and
#4 is about 80 kN, and that of specimen #3 is about 65 kN.
The results show that: with the increase of impact power, the
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maximum impact load also increases; impact power of 80 J,
the corresponding impact load when the specimen crumbles
is smaller than the impact load of 30 J and 50 J, indicating that
the specimen has internal defects due to multiple impacts, and
the failure load is smaller.
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Figure 5. Load-time curve of each specimen

3.2. Strain analysis

Figure 6 shows the strain cloud diagram of the surface of
PDC composite sheet during the impact of specimen #1. The
results show that when the impact work is 30 J, the surface of
the PDC composite piece locally has a large strain (the
moment of maximum load); There is basically no residual
strain generation on the surface after impact (at the moment
when the load is zero), indicating that the PDC composite
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sheet is predominantly elastically deformed under the impact
load. With the increase of the number of impacts, the strain
concentration area and the maximum strain are basically
unchanged, indicating that the PDC composite sheet basically
has no residual strain under the action of lower impact power.
When the impact power is 50 J, the local strain value is larger
than the impact process of 30 J, and the strain concentration
area is also more than the impact process of 30 J. The strain



concentration area is also more than the impact process of 30
J;

After several impacts, there are residual strains generated
on the surface of the PDC composite sheet. When the impact
power is 80 J, after an impact, PDC composite sheet crumbles,
before crumbling, the maximum strain on the surface of the
PDC composite sheet and the strain concentration area are
larger than the impact process of 30 J and 50 J, and the traces
of the crumbling are basically consistent with the traces of the
residual strain appearing at the time of the 50 J impact,
indicating that in the process of multiple impacts with an
impact power of 50 J, the residual strain on the surface of the
PDC composite sheet results in the destruction of the PDC
composite sheet. composite sheet destruction.

Fig. 7 shows the strain cloud diagram of the surface of PDC
composite sheet under different impact work of specimen #2.
Comparing with specimen #1, the results show that although
the strains in the edge region of the surface of the PDC
composite sheet are different in the process of impact loading,

(c) 50J Fifth impact process

0Dz

(a) 30J Fifth impact process

the regions of surface strain distribution and the maximum
strain values are basically the same in the impact process. In
particular, the damage forms of the PDC composite sheets are
basically the same, i.e., chipping produced by crushing at the
top and cracking in the vertical direction.

Fig. 8 and Fig. 9 show the strain cloud diagrams of
specimens #3 and #4 in the impact process, respectively.
Comparison with Fig. 6 and Fig. 7 shows that when specimen
#3 is impacted at 30 J, the maximum value of strain on the
surface of the PDC composite sheet and the strain distribution
are basically the same as that of specimens #1 and #2; with
the increase in the number of impacts, the position in contact
with the hammer head has a larger value of strain and a larger
strain occurs there, which leads to delamination of the
polycrystalline layer of PDC composite sheet. #4 specimen in
50 J impact, the same as #3 specimen, and the hammer head
contact position PDC composite sheet polycrystalline layer
delamination.
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Figure 6. Strain cloud diagram of #1 specimen failure process
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Figure 9. Strain cloud diagram of #4 specimen failure process

Figure 10 for the PDC composite piece impact force
analysis model. Because the thickness of the polycrystalline
layer on the PDC composite sheet is much smaller than the
height of the base, the polycrystalline layer is subjected to
stress according to the plane stress analysis; at the same time,
the PDC composite sheet is mounted in a fixed fixture, and
the acceleration generated by the falling hammer test is
negligible, so the stress analysis of the PDC composite sheet
is analyzed using the elastic mechanics in the close solution,

where a = w, § = 0 and then get the circumferential stress
component.
2F cos
c,=—— ¢
T p
c,=0 (1)
Too ™ Top =0

In Eq. (1): G,, O T and 7,, are the radial,

o> “p
circumferential stress and shear stresses of the PDC
respectively.

Substituting the stress components into the physical

equations, each of the strain components can be obtained
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. =_2F(1—ﬂ2) cos ¢
i nE P
_ 2,uF(1+y) cos @ @)
v nE Yol
70p=0

In formula (2) & €05 Yoy and are the radial strain,

circumferential strain and shear strain of PDC composite
sheet respectively. £ is the elastic modulus and w4 is

Poisson's ratio.

In order to compare with the results obtained by NCORR,
the strain component under cartesian coordinates can be
obtained by changing the polar coordinates in equation (2) to
cartesian coordinates. During calculation, the elastic modulus
E of PDC composite sheet is 860 GPa, Poisson's ratio x is 0.07,
and the maximum impact load is F. The theoretical calculation
is compared with the strain actually calculated by Ncorr
module, and the results are shown in Table 2.



v

Figure 10. Simplified mechanical model
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Table 2. Comparison between theoretical calculation and NCORR calculation results

precalculated position(x,y) F/kN & €.pic  absolute error gy €pic  absolute error
#1-5 (-15,39) 5724 0.13% 0.12% 8.27% -0.59% -0.53% 10.57%
(30,88) 5724 0.05% 0.05% 4.95% -0.28% -0.24% 13.40%
#1-9 (-19.22) 5549 0.33% 0.30% 10.10% -0.43% -0.40% 6.80%
(4,47) 5549 0.05% 0.05% 6.03% -0.57% -0.55% 3.82%
#1-15 (-36,69) 79.89 0.12% 0.14% 14.69% -0.36% -0.38% 6.00%
(-11,9) 79.89 1.06% 1.10% 4.05% -0.84% -0.76 9.95%
#2-5 (-10,13) 7149 0.66% 0.61% 8.02% -1.04% -1.03% 0.83%
(14,36) 7149 0.16% 0.17% 9.35% -0.69% -0.68% 2.04%
#2-10 (-24,18) 68.88 0.48% 0.49% 2.56% -0.29% -0.29% 0.80%
(15,10) 68.88 0.79% 0.78% 1.06% -0.40% -0.45% 13.51%
#2-15 (24,16) 8599 0.64% 0.62% 3.54% -0.32% -0.35% 8.28%
(45,76) 85.99 0.14% 0.14% 2.44% -0.35% -0.34% 1.69%
#2-20 (-5,20) 87.45 0.28% 0.32% 13.57% -2.05% -1.99% 3.16%
(32,36) 87.45 0.35% 0.34% 1.85% -0.42% -0.40% 5.68%
#3-5 (20,16) 72.45 0.56% 0.55% 1.56% -0.38% -0.43% 12.78%
(-17,15) 7245 0.62% 0.56% 10.05% -0.50% -0.54% 7.54%
#4-5 (-8,20) 69.41 0.31% 0.37% 19.69% -1.33% -0.60% 54.88%
(-9,17) 69.41 0.45% 0.42% 6.91% -1.30% -0.54% 58.33%
#4-10 (-40,78) 69.26 0.10% 0.13% 32.99% -0.29% -0.30% 1.80%
(-35,32) 69.26 0.30% 0.29% 2.09% -0.25% -0.22% 13.36%
#4-15 (-52,43) 88.85 0.31% 0.32% 4.78% -0.22% -0.27% 22.47%
(-17,12) 88.85 0.99% 0.58% 41.63% -0.55% -0.65% 18.32%

4. Conclusion

The impact resistance of PDC was studied by using DIT
drop weight testing machine and DIC method. The results are
as follows:

(1) The impact times of the anti-wear composite plate are
less, the impact power is lower, and the final failure form is
local delamination near the impact point edge.

(2) The impact resistant composite sheet has more total
impact times and higher impact energy, and the final failure
form is the overall breakage of polycrystalline layer of PDC
composite sheet caused by crack propagation.

(3) PDC composite sheet is a brittle material, and the
failure is the maximum tensile strain failure. According to the
surface strain of the specimen, the strain concentration area
on the surface of the PDC composite sheet will increase with

the increase of impact times, and all of them are tensile strains.

(4) Using DIC to study images captured by high-speed
cameras, the failure process of PDC composite films can be
completely analyzed.
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