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Abstract: To investigate the gripping force characteristics of surface-mounted single-grain diamonds and their detachment 
behavior under complex loading conditions, this study combines finite element numerical simulation and experimental 
verification to establish a three-dimensional mechanical model of the “metal matrix–interface–diamond” system. The distribution 
and evolution of the gripping force under the coupled effects of multiple factors, including diamond particle shape, size, exposure 
height, and inclination angle, are systematically analyzed. The results indicate that: (1) The topological structure of regular 
polyhedral abrasive particles determines their interfacial retention performance. Specifically, the dodecahedron exhibits the 
highest bonding strength, while the hexahedron shows the best energy absorption capacity. (2) Reducing the exposure height of 
abrasive particles significantly enhances both the interfacial retention force and toughness, which is a key factor in optimizing 
retention performance. (3) The interfacial retention performance is positively correlated with diamond particle size; larger 
particles can synergistically improve both the strength and toughness of the tool interface. (4) Inclined implantation of diamond 
particles can effectively regulate retention performance: a 45°inclination corresponds to the highest tensile strength, while a 
30°inclination provides the best impact toughness. 
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1. Introduction 
With the extension of exploration and development to deep 

strata and unconventional oil and gas reservoirs[1–3], the 
importance of coring technology has become more and more 
prominent, and its core value lies in the ability to obtain the 
original samples of underground rock formations in a 
complete manner. By directly obtaining the real stratum cores, 
it provides irreplaceable first-hand information for geological 
research, mineral and oil and gas reservoir evaluation and 
engineering decision-making[4–7]. 

Conventional PDC core drill bit mainly relies on the 
shearing effect of cutting teeth to break the formation[8,9]. 
For hard, fractured formations exhibiting poor drillability, 
high abrasion resistance, and extensively developed fractures, 
conventional PDC coring bits are susceptible to unstable 
loading, imbalanced cutting actions, and severe longitudinal 
and transverse vibrations. These conditions readily lead to the 
fracturing or dislodgement of the primary cutting teeth, 
thereby accelerating wear on the remaining teeth and the bit 
body.[10–13]. 

Surface mounted diamond drill bits are widely used due to 
the wear resistance of their cutting elements, good impact 
toughness, superior cutting efficiency, and high 
adaptability[14–16]. During the rock-breaking process of 
surface-mounted diamond drill bits, diamond particles are 
subjected to severe impact, high-stress shear, and continuous 
frictional wear from the rock. The main failure modes include 
dulling, fragmentation, and detachment. Among these, the 
premature detachment of diamond particles not only results 
in the unexpected loss of costly materials but also leads to an 
irreversible decline in the cutting ability of the drill bit. This 
represents a primary bottleneck restricting both the service 
life and drilling economy of the bit. The fundamental cause 
of this failure behavior lies in the insufficient “gripping force” 
exerted by the metal powder metallurgy matrix on the 
diamond particles. Therefore, systematically revealing the 

formation mechanism, evolution law, and failure criteria of 
the gripping force from a mechanical perspective provides the 
theoretical basis for achieving structural optimization, 
performance prediction, and lifespan extension of the drill bit. 

At present, scholars at home and abroad have conducted 
extensive research on the control mechanism of diamond 
tools, mainly focusing on two aspects: firstly, by changing the 
matrix formula (such as adding carbide forming elements[17–
20], rare earth elements[21–24], etc.) or using surface 
coating[25–29], etching[30,31] and other pretreatment 
processes to enhance the chemical metallurgical bonding and 
mechanical meshing between diamond and matrix; The 
second is to evaluate the overall encapsulation performance 
of the tire body through macroscopic mechanical experiments 
(such as bending[20] and impact tests) or simplified models. 
However, existing research mostly focuses on material 
modification or macroscopic performance testing. There is 
still a lack of systematic and quantitative analysis on the 
intrinsic correlation mechanism between the geometric 
characteristics (such as shape, particle size, exposure height, 
implantation angle) and interface mechanical behavior of 
single diamond particles under complex stress states. 
Especially, numerical simulation of the interface failure 
process under the coupling of multiple factors is still 
insufficient. 

In response to the issues described above, this study 
addresses the fundamental cause of the macroscopic 
detachment of individual diamond particles in surface-
mounted diamond drill bits—the gripping force provided by 
the matrix. A research methodology combining finite-element 
numerical simulation and experimental verification is 
adopted. First, a three-dimensional mechanical model of the 
“metal matrix–interface–diamond” system is established to 
simulate the interfacial failure process of diamond under 
tensile loading. This model is used to systematically 
investigate the influence of multiple factors—such as 
diamond shape, particle size, exposure height, and inclination 
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angle—on the interfacial bond strength and failure behavior. 
Second, based on the numerical simulation results, range 
analysis is employed to quantify the relative importance of 
each factor on the gripping force. Finally, three-point bending 
tests are conducted to measure the bending strength of matrix 
samples containing diamonds of different particle sizes and 
exposure heights, thereby validating and supplementing the 
numerical simulation conclusions from the perspective of 
macroscopic mechanical properties. This study aims to reveal 
the key factors influencing the gripping failure of surface-
mounted single diamond particles from both 
micro-mechanical mechanisms and macro-performance 
perspectives, thereby providing a theoretical basis and data 
support for the structural optimization and performance 
enhancement of diamond drill bits. 

2. Simulation methodology 
The “abnormal detachment” of diamonds is the primary 

cause of diamond drill bit failure, which manifests as the 
failure of the bonding interface between the metal matrix and 
the diamond, leading to the detachment of diamond particles. 
When diamond particles detach, the cracks that form at their 
bonding interface are generally classified by researchers into 
three fundamental fracture modes: pure Mode I (opening 
mode), pure Mode II (sliding mode), and pure Mode III 
(tearing mode). These three fracture types are illustrated in 
Figure 1. In the opening mode (Mode I), the normal stress acts 
perpendicular to the crack surface, and the crack propagates 
perpendicular to its front. In the sliding mode (Mode II), the 
shear stress is parallel to both the crack plane and the direction 
of crack propagation. In the tearing mode (Mode III), the 
shear stress is perpendicular to the direction of crack 
propagation. Given the complex characteristics of the 
interface between diamond particles and the metal matrix, 
mixed fracture modes may occur at the matrix–diamond 
interface. Therefore, it is assumed that all three 
aforementioned fracture modes can be present. 

 
Figure 1. Schematic diagram of three types of fracture forms 

When studying the interface behavior between diamond 
tools and diamond, researchers considered that cracks and 
debonding phenomena may occur at the interface when 
diamond is loaded and detached. They proposed three finite 
element simulation models based on the interface behavior 
between metal matrix and diamond, namely the birth and 
death element model, the elastic layer element model, and the 
cohesive force element model[32–34]. Considering that the 
cohesive zone model (CZM) can accurately describe the 
entire process of interfacial deformation from elasticity to 
failure, and simulate crack initiation, propagation, and 
debonding behavior through a traction-separation law—
thereby avoiding the stress singularity problem inherent in 
traditional fracture mechanics—this approach is well-suited 
to the present study. Therefore, the cohesive zone model is 
employed to simulate the interface behavior between the 

metal-based matrix and the diamond. Common criteria for 
determining the onset of crack initiation include quadratic 
stress criterion, maximum stress criterion, quadratic strain 
criterion, maximum strain criterion, among others. In mixed 
failure mode, the secondary failure criterion proposed by 
Cui[35] is used to predict the initiation of cracks, and its 
expression is: 
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where, nε  , sε  , tε  represent the normal stress and 

tangential stress of the element mesh, respectively, o
nε , o

sε , 
o
tε  respectively represent the stress intensity in the normal 

and tangential directions. 
The most commonly used constitutive model for the 

traction separation law is the bilinear constitutive model, 
which can effectively calculate the accuracy and efficiency of 
the model. The bilinear constitutive model is shown in Figure 
2. 

 
Figure 2. Bilinear elastic fracture constitutive model 

When establishing a cohesive element model, a cohesive 
layer needs to be defined between the diamond particles and 
the matrix. Cohesive layers typically exist in two forms: a 
thick cohesive layer and a zero-thickness cohesive layer. 
Given that modeling a thick cohesive layer requires the 
separate creation of geometric entities, and considering the 
variable shapes of diamond particles which would further 
complicate the model geometry, constructing thick cohesive 
elements individually between the diamond particles and the 
matrix is excessively intricate. In contrast, the zero-thickness 
cohesive layer is implemented by sharing nodes between the 
matrix and the diamond to form cohesive elements, which is 
both simpler and more physically realistic. In this study, the 
zero-thickness cohesive layer is used to characterize the 
interfacial behavior between the matrix and the diamond, as 
illustrated in Figure 3. 

 
Figure 3. Schematic diagram of cohesive unit layer 
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3. Numerical simulation of single 
diamond particle holding force 

3.1. Base case 
In this study, the interfacial characteristics between 

diamond particles and the metal matrix in diamond drill bits 
were investigated using a commonly adopted single-diamond 
abrasive model. The geometric model consists of two parts: 
the metal matrix and the diamond particle. To mitigate stress 
concentrations caused by geometric discontinuities in finite 
element analysis, a cylindrical shape was adopted for the 
metal matrix, while five representative particle geometries 
were selected: the regular octahedron, truncated octahedron, 
regular hexahedron, regular dodecahedron, and regular 
icosahedron. Given its brittle nature, diamond was modeled 
as an isotropic linear elastic material. A hard alloy, 
specifically tungsten carbide–cobalt (WC–8Co), was 
employed as the metal-matrix material due to its high wear 
resistance, substantial hardness, and strong adhesive 
properties.[36]. The mixed mode constitutive equation of 
cohesive interface is defined by four material properties by 
assuming that the toughness and strength in the two tangential 
directions of the model are equal to each other: o

nε  , o
sε  , 

ICG  , IICG  [37].Due to the lack of available experimental 

methods to directly determine the interface parameters of 
diamond drill bits, and the fact that the exact values of 
interface characteristics are not necessary for this study, the 
material properties of the matrix are used as interface material 
parameters. 

The diamond is embedded at the center of the metal matrix, 
leaving a specified protrusion height. The contact interface 
between the diamond particle and the metal matrix is defined 
as a cohesive layer to simulate interfacial behavior. Mesh 
refinement is applied around the cohesive layer, with the 
diamond and the cohesive layer sharing the same seed density. 
This ensures accurate transmission of interfacial mechanical 
behavior and enables a realistic simulation of damage 
evolution. Both the diamond and the metal-matrix 
components are discretized using 4-node linear tetrahedral 
(C3D4) elements with linear pressure formulation. The total 
number of elements in the metal-matrix body is 110665. The 
cohesive layer is introduced using inserted cohesive seams, 
and its mesh type is COH3D6—a four-node 
three-dimensional cohesive element, as illustrated in Figure 4. 

 

Figure 4. Mesh discretization diagram 

The boundary conditions and loading setup are illustrated 
in Figure 5. Contact between the diamond and the cohesive 
layer is defined as surface-to-surface contact, with a friction 
coefficient set to 0.1. Loading is applied by imposing a 
constant horizontal velocity of 0.1 m/s at the tip of the 

diamond while all six degrees of freedom at the bottom of the 
metal substrate are fixed. Under quasi-static loading 
conditions, the detachment behavior of diamond particles can 
be systematically examined by extracting the load-time 
response curve at the loading point. As the 
displacement-controlled load progresses, interface damage 
initiates and propagates when the interfacial stress reaches 
and exceeds the critical bond strength of the cohesive layer. 
This critical state corresponds to the first peak in the 
load-displacement curve, marking the onset of diamond 
particle detachment. The peak load quantitatively 
characterizes the interfacial adhesion strength, while the 
corresponding displacement reflects the overall deformation 
capability of the material system. The subsequent descending 
portion of the curve represents the gradual evolution of 
interfacial damage. 

 

Figure 5. Boundary conditions and load settings 

Table 1. Characteristic parameters of diamond, matrix and 
interface materials 

Type Diamond WC-
8%Co Cohesive 

Young's Modulus 
(Gpa) 1100 600 600 

Poisson's Ratio 0.2 0.22 0.22 
Density（g/cm3） 350 14.5 14.5 

Johnson-
Cook 

Plasticity 

A(Mpa) - 4050 - 
B(Mpa) - 1050 - 

n - 0.21 - 
m - 1.0 - 

Quade 
Damage 

o
nε (Mpa) - - 543 

o
sε ,

o
tε

(Mpa) 
- - 314 

ICG
(mJ/mm2) 

- - 0.14 

IICG ,

IIICG
(mJ/mm2) 

- - 0.33 

3.2. Numerical simulation scheme 
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Table 2. Numerical simulation scheme table for diamond holding force 

No. Influencing Factor Shape Size (mm) Protrusion Height (mm) Orientation (°) 
1 

Shape 

Regular Octahedron 

1.6 0.8 0 
2 Truncated Octahedron 
3 Cube 
4 Regular Dodecahedron 
5 Regular Icosahedron 
6 

Particle Size Regular Octahedron 

0.8 

0.5 0 
7 1.2 
8 1.6 
9 2.0 
10 2.4 
11 

Protrusion Height Cube 1.6 

0.4 

0 
12 0.5 
13 0.6 
14 0.7 
15 0.8 
16 

Orientation Truncated Octahedron 1.6 0.8 

0 
17 15 
18 30 
19 45 
20 60 

4. Analysis of Impact Results 
4.1. Effect of abrasive grain shape 

The shape of abrasive particles significantly influences the 
clamping force exerted by the metal-based matrix on the 
diamond. Due to differences in parameters such as sharpness, 
number of edges, and edge size, abrasive particles exhibit 
varying levels of retention within the metal-based matrix. 
Figure 6 illustrates different forms of natural diamonds, 
which occur in diverse morphologies. Single crystals can be 
categorized into cubes, octahedra, truncated octahedron, 
rhombic dodecahedra, as well as convex dodecahedra, convex 
hexahedra, and their aggregates. Aggregates are more 
commonly observed than single crystals with regular 
geometric shapes. 

 
Figure 6. Different Natural Diamond Shapes Diagram 

Referring to the shape of natural diamond, regular 
octahedra, truncated octahedra, regular hexahedron, regular 
dodecahedron, and regular icosahedron were selected as the 
objects of this study to investigate the influence of diamond 
shape on grip force. (Figure 7) 

 
Figure 7. Diagram of the interaction between abrasive particles of 

different shapes and the matrix 

There is a significant coupling effect between the 
geometric morphology of diamond particles and their 
retention strength within the matrix. Specifically, variations 
in morphological features—such as edge sharpness, crystal 
plane orientation, and surface texture—can lead to 
substantially different interfacial mechanical responses, 
thereby affecting the retention strength. The load time curves 
extracted from the loading points for different 
abrasive-particle shapes are presented in Figure 8. As shown, 
regular dodecahedral diamond particles exhibit the highest 
retention capacity due to their stronger interfacial adhesion, 
with a peak force of approximately 963.82 N, followed by the 
regular icosahedron (801.98 N) and the regular hexahedron 
(575.75 N). The critical interface-debonding forces for the 
regular octahedron and the truncated octahedron are similar, 
measuring 382.73 N and 338.79 N, respectively. Among the 
five diamond shapes, only the regular hexahedron displays a 
stepped decay after reaching its peak force in the elastic stage, 
eventually declining to zero load-bearing capacity. The other 
four shapes show a slight initial decrease after the peak, 
followed by a continued increase. This behavior is attributed 
to mechanical interlocking between the diamond particles and 
the metal matrix after interfacial debonding, which helps 
retain the diamond in the matrix instead of allowing 
immediate detachment. Figure 9 illustrates the first-peak 
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force and the corresponding work curves for different 
abrasive-particle shapes. It can be observed that the regular 
hexahedral diamond abrasive particle consumes the highest 
amount of work at the first peak. This is because its six flat 
surfaces provide a large contact area with the matrix and a 
strong initial bond. However, its sharp 90° edges generate 
high stress concentrations under loading, inducing early 
cracking in the matrix and absorbing considerable energy, 
which explains the highest associated work. In contrast, the 
truncated octahedron exhibits the least work at the first peak. 
Its shape removes the most effective mechanical anchoring 
points, approximating a sphere. The smooth geometry makes 
it difficult to develop significant stress concentrations in the 
matrix under load, rendering it more susceptible to interfacial 
debonding. 

 
Figure 8. Reaction force time curves of loading points extracted 

from abrasive particles of different shapes 

 
Figure 9. The first peak force and its corresponding work curve 

under different abrasive particle shapes (in the x-axis coordinates 
of the figure, 1-5 are: regular octahedron, truncated octahedron, 
regular hexahedron, regular dodecahedron, regular icosahedron) 

4.2. Effect of abrasive grain size 
Among the many factors influencing gripping performance, 

diamond particle size is a key variable. Significant differences 
exist in the distribution, interfacial bonding area, and stress 
characteristics of diamond particles of different sizes within 
the matrix. Table 3 lists the diamond particle sizes commonly 
used in surface-mounted drill bits, with two size ranges 
selected for this study: ultra-coarse and coarse. To ensure that 
the modeling of abrasive particle size meets the research 
requirements, the geometry was accurately represented based 
on the circumscribed-sphere radius formula for regular 

polyhedrons, where the parameter “a” denotes the edge length 
of the geometric model of the abrasive particle. 
Table 3. Diamond particle size used for surface mounted drill bits 

GPA Coarse 
Grain 

Mediu
m Grain 

Fine 
Grain 

Extra Fine 
Grain 

Ultra-
fine 

Grain 
Size 

Range 
(mm) 

8~15 15~25 25~40 40~60 60~100 

Korean 
Standar

d 

Soft to 
Mediu
m Hard 

Mediu
m Hard Hard Hard to 

Hardest Hardest 

Size 
Range 
(mm) 

1.2~2.0 0.71~1.
2 

0.425~0.7
1 

0.25~0.42
5 

0.15~0.2
5 

 

Table 4. Theoretical formula table for the outer diameter of 
diamond particles with different shapes 

Diamond 
Shape 

Cub
e 

Truncate
d 
Octahedr
on 

Regular 
Octahedr
on 

Regular 
Dodecahed
ron 

Regular 
Icosahedr
on 

Circumscri
bed Sphere 
Diameter 

√3a
2

 - √2a
2

 
√3+√15a

4
 

�10+2√5a
4

 

 

Figure 10. Diagram of the interaction between abrasive particles of 
different sizes and the matrix 

The response characteristics of diamond holding force with 
respect to particle size variation represent a core criterion for 
characterizing the mechanical behavior of the 
matrix-diamond interface. The load-time curves extracted at 
the loading points for different particle sizes are shown in 
Figure 10. As observed, the force-time trends for different 
particle sizes are largely similar: as displacement loading 
proceeds, the force curve gradually rises, reaches a first peak, 
then gradually declines, stabilizes at a certain level, and 
subsequently exhibits a minor increase. Figure 11 presents the 
first-peak force and its corresponding work curve for different 
abrasive particle sizes. The results indicate a strong positive 
correlation between particle size and interfacial retention 
performance (peak force and work). This correlation arises 
because, at the same exposure height, larger particle sizes 
correspond to greater surface area and volume of matrix 
material embedded with the abrasive particles. The increase 
in particle size from 1.6 mm to 2.0 mm represents a key 
turning point: the peak force rises from 553.96 N to 1107.84 N, 
and the corresponding work increases from 0.94 mJ to 
2.63 mJ. Both the peak force and the work approximately 
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double within this range, demonstrating that the effect of 
increasing particle size on gripping performance is highly 
significant. Increasing the particle size enlarges the 
“foundation” portion embedded within the matrix, which 
effectively enhances resistance to bending moments, 
distributes stress over a larger interfacial area, and helps avoid 
early failure due to localized stress concentration. At a particle 
size of 2.4 mm, both the first-peak force and the 
corresponding work reach their maximum values, indicating 
that larger abrasive particles can more effectively dissipate 
energy and suppress the rapid initiation and propagation of 
cracks. This behavior is crucial for improving the impact 
toughness of the tool. (Figure 12) 

 
Figure 11. Reaction force time curves of loading points extracted 

from different particle sizes 

 
Figure 12. The first peak force and its corresponding work curve 

under different abrasive particle sizes 

4.3. Effect of abrasive grain exposure height 
The gripping force exerted on abrasive grains is closely 

related to the protrusion height of the grains. Due to the shared 
contact interface between diamond abrasive grains and the 
metal matrix, both the number and orientation of grains 
embedded in the matrix vary with changes in the diamond 
protrusion height. Consequently, the gripping force applied to 
the abrasive grains also changes with protrusion height. A 
schematic of the diamond particle protrusion height is shown 
in Figure 13. The protrusion height is defined as the vertical 
distance from the highest point of the exposed portion of the 
diamond to the nearest end face of the matrix body. 

 
Figure 13. Schematic diagram of diamond particle exposure height 

Select a 1.6mm particle size regular hexahedral 
diamond as a model to explore the influence of different 
exposure heights. (Figure 14) 

 
Figure 14. Diagram of the interaction between abrasive particles 

and matrix at different exposure heights 

The relationship between diamond holding force and 
exposure height reveals key mechanical characteristics of the 
interfacial bonding performance. Figure 15 shows the load–
time curves extracted at the loading points for different 
exposure heights. As observed, the force–time trends for the 
regular hexahedral diamond are largely similar across 
different exposure heights: after reaching the first peak force, 
the curves undergo a stepwise decay and eventually drop to 
zero, indicating complete debonding failure. Figure 16 
presents the first-peak force and its corresponding work for 
various exposure heights. The results show that at the lowest 
exposure height of 0.4 mm, the first-peak force is highest 
(1107.22 N) and the corresponding work is also maximal 
(1.77 mJ). This is because most of the diamond abrasive 
particle is firmly embedded within the matrix material, 
providing the largest contact area and strongest mechanical 
interlocking. As the diamond exposure height increases, the 
first-peak force decreases non-linearly. When the height 
increases from 0.4 mm to 0.5 mm, the first-peak force drops 
sharply from 1107.22 N to 673.95 N—a reduction of 39.2%—
primarily due to the decrease in effective load-bearing area. 
According to Hertzs [38] contact theory, it can be inferred that 
the effective bearing area decreases quadratically with 
increasing exposure height. As the ratio of exposure height to 
particle size increases from 0.25 to 0.3125, the edges and 
corners of the diamond become progressively more exposed. 
Consequently, the embedding capability of the metal-based 
matrix diminishes, and the bending moment induced by the 
applied load during exposure-height increase generates high 
tensile and shear stress concentrations at the root of the 
abrasive-matrix joint. This leads to a relatively low overall 
load-carrying capacity. The matrix undergoes local fracture or 
rapid crack propagation, causing the diamond particles to be 
“levered out”. Within the exposure-height range of 0.5 mm to 
0.8 mm, the reduction in the first-peak force is much smaller 
than that observed when the height increased from 0.4 mm to 
0.5 mm, with a maximum decrease of only 9.4%. A slight 
increase even occurs between 0.7 mm and 0.8 mm, which 
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may be attributed to stress redistribution resulting from 
localized plastic strain or enhanced mechanical interlocking, 
leading to increased adhesive strength in the most critical 
region. 

 
Figure 15. Reaction force time curves of loading points extracted 

from different exposure heights 

 
Figure 16. The first peak force and its corresponding work curve at 

different exposure heights 

4.4. Effect of abrasive grain posture 
Due to the fact that diamond particles are not perfectly 

spherical but possess distinct edges and corners, and because 
their positioning on the metal matrix during processing is not 
completely uniform, a variety of orientations and angles can 
occur. As a result, the gripping force exerted on the abrasive 
particles also varies with their posture. In this study, the 
influence of diamond inclination angle on gripping 
performance is examined sequentially at 0°, 15°, 30°, 45°, and 
60°, where 0° corresponds to a vertically oriented diamond, 
as illustrated in Figure 17 & 18. 

 
Figure 17. Model diagrams of diamond particles in different poses 

(from left to right: 0 °, 15 °, 30 °, 45 °, 60 °) 

The spatial orientation of diamond particles is a key 
geometric parameter influencing interfacial gripping 
performance. The load–time curves extracted at the loading 
points for different orientations are shown in Figure 19. As 
observed, at inclination angles of 15° and 45°, the force 
increases to a first peak, then declines slightly before rising 
again. At 0°, the force decreases moderately after the peak and 
then undergoes a stepwise decay after reaching a certain level. 

At 30° and 60°, the applied force decreases after the peak and 
subsequently stabilizes. This stabilization indicates a 
fundamental change in the failure mechanism: the diamond 
particle no longer engages in mechanical interlocking with the 
matrix but instead acts like a plow, with its sharp edges 
continuously scraping and ploughing through the matrix 
material. Figure 20 presents the corresponding critical 
separation forces for different orientations. It can be seen that 
the critical separation forces at 15° (1436.76 N) and 45° 
(1466.70 N) are similar, with the highest value occurring at 
45°. This means that when the diamond is inclined at 15° or 
45° within the matrix, a larger force is required to separate the 
diamond–matrix interface in the push-shear test. The critical 
forces at 30° (921.31 N) and 60° (926.20 N) are also 
comparable, which can be attributed to the symmetrical 
geometry of the truncated octahedron; at the same exposure 
height, the degree of diamond encapsulation by the matrix is 
not significantly different between these two angles. At the 
minimum inclination of 0°, the critical force is 508.91 N—
approximately three times lower than the maximum value—
demonstrating that diamond inclination is a significant factor 
affecting the interfacial separation strength. Although the 
peak force at 30° is lower than that at 15° and 45°, the work 
consumed is higher. This is because the failure mode 
transitions from brittle fracture to ductile slip and plastic 
ploughing, allowing more energy to be absorbed over a longer 
failure displacement. 

 
Figure 18. Interaction diagram between abrasive particles and 

matrix in different poses 

 
Figure 19. Reaction force time curve of loading points extracted 

from different poses 
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Figure 20. The first peak force and its corresponding work curve 
under different poses (in the x-axis coordinates of the figure, 1-5 

are: 0 °, 15 °, 30 °, 45 °, 60 °) 

5. Conclusion 
This study establishes a three-dimensional numerical 

simulation model of a “metal-matrix–interface–
diamond-particle” system. By integrating elastoplastic 
mechanics theory with the cohesive zone model (CZM), and 
employing a push-shear method, it explores multiple key 
factors affecting the interfacial behavior of a single diamond 
particle in the matrix—including its geometric shape, particle 
size, exposure height, and spatial orientation. The aim is to 
systematically examine how these factors jointly influence 
the interfacial bonding performance and gripping strength 
between the matrix and the diamond, thereby revealing the 
mechanical mechanisms underlying interface bonding in 
diamond tools. The work provides quantitative theoretical 
insights and a simulation-based foundation for the structural 
optimization, interface modification, and 
strength-enhancement design of high-performance diamond 
tools. The main conclusions are as follows: 

(1) The gripping performance of regular polyhedral 
abrasive particles is closely related to their topological 
characteristics. The number and sharpness of vertices and 
edges are the core factors determining the grip strength, while 
the shape and orientation of the faces jointly influence the 
failure modes and energy absorption. Regular dodecahedral 
abrasive particles exhibit the highest interfacial bonding 
strength, which is attributed to the superior mechanical 
interlocking effect resulting from their maximum number of 
vertices. In contrast, regular hexahedral abrasive particles 
show the best energy dissipation capacity; the complex crack 
propagation paths induced by their sharp edges significantly 
increase the energy consumed during interfacial fracture. For 
the design of diamond drill-bit matrices, regular dodecahedral 
particles should be preferred if ultimate tensile strength is the 
primary objective, whereas regular hexahedral particles are a 
better choice when impact toughness and energy absorption 
need to be improved. 

(2) Exposure height has a significant negative influence on 
interfacial gripping performance. Numerical simulations 
indicate that when the exposure height increases from 0.4 mm 
to 0.8 mm, the peak gripping force at the interface decreases 
by about 48% (from 1107 N to 576 N), and the failure energy 
decreases by about 40% (from 1.77 mJ to 1.07 mJ). This 
confirms that the strong mechanical interlocking provided by 
a low exposure height is key to optimizing gripping 
performance. A lower diamond exposure height effectively 

suppresses bending-moment effects during pull-out by 
maximizing the volume of matrix surrounding the particle, 
promoting ductile tearing rather than brittle fracture at the 
interface and thereby enhancing both bonding strength and 
toughness simultaneously. 

(3) Diamond particle size is one of the most critical 
geometric parameters governing interfacial holding 
performance. Within the range of 0.8 mm to 2.4 mm, the peak 
gripping force and failure energy at the interface show an 
almost monotonic and significant increase with increasing 
particle size. The bonding strength (1201 N) and 
energy-dissipation capacity of abrasive particles with a size 
of 2.4 mm reach about 11.6 times and 31.8 times those of 
0.8 mm particles, respectively. This is primarily attributed to 
the larger mechanical interlocking area and the extended 
crack-propagation energy-dissipation path provided by larger 
particles. These results reveal the considerable potential of 
using larger diamond particles to simultaneously improve 
both the strength and toughness of the tool interface. 

(4) The inclination angle of diamond particles exerts a 
significant non-monotonic influence on interfacial gripping 
performance. Compared with traditional vertical implantation 
(0°), inclined implantation at 15°–45° can increase the 
interfacial strength (peak force) by 200%–300%. This 
enhancement is due to the introduction of a combined 
compressive-shear stress state and a mechanical self-locking 
effect induced by the inclination, which substantially raises 
the failure threshold. Notably, an inclination of 30° yields the 
optimal energy-dissipation capacity, indicating a transition in 
the interfacial failure mode from brittle fracture to ductile slip 
and plastic ploughing at this angle. Therefore, 45° 
implantation should be adopted when pursuing ultimate 
tensile strength, whereas 30° implantation is a better choice 
for applications involving high-impact loads and requiring 
enhanced tool toughness. 
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