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Abstract:To improve the bonding performance and service life of PTFE liner and substrate,
laser micro-textures technology was applied to the micro-modeling treatment of substrate
surface to explore the influence of micro-textures density on the bonding performance of
PTFE liner. Substrate-liner geometric models were established by finite element software,
and the damage of adhesive layer, the tensile stress of liner, load-displacement relationship,
and maximum peeling force of liner were obtained by numerical simulation. Textured
substrates were prepared by Nd: YAG laser and the bonding performance was tested by a
universal tensile testing machine to verify simulation results. The results of numerical
simulation showed, when SDEG=0.85, The maximum peeling force increased with the
increase of textures density, and the maximum peel force was 33N when the density was
34.7%. The performance test results showed a similar trend to the simulation results, in
which the peeling force of the 40% density surface liner was increased by 46.15%
compared with the smooth one, thus supporting the simulation results. This shows that the
surface laser micro-textures has a significant impact on the bonding strength of the liner.
The peeling force of PTFE liner increases with the increase of textures density, and the
higher density, the better bonding performance between substrate and liner.

1. Introduction

The self-lubricating joint bearing is composed of an outer ring with an inner spherical surface and
an inner ring with an outer spherical surface. The inner spherical surface of the outer ring is bonded
with a layer of self-lubricating liner. Because of its simple structure, impact resistance, high load-
bearing capacity, and long service life, it is widely used in aerospace, engineering machinery, water
conservancy, military, and other fields[1-3]. PTFE braided composite materials are widely used as a
self-lubricating liner due to its excellent anti-friction and anti-wear properties[4-7].. In the working
process of the joint bearing, the liner often falls off due to the severe friction between the inner ring
and the outer ring, which in turn leads to the failure of the self-lubricating joint bearing[8-10].
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Therefore, it is of great significance to improve the bonding performance between the self-
lubricating liner and the bearing substrate.

Scholars at home and abroad have carried out preliminary research on improving the bonding
performance of self-lubricating liner and substrate. Liang Xia et al. modified PTFE/aramid
composite liner with acrylamide, phosphate ester coupling agents, and glycerol ethers. The study
found that the adhesive performance of the modified liner and the bearing was significantly
improved[11] Jia Z. N. et al. found that changing the surface roughness of the substrate can directly
affect the bonding performance of the fabric liner so that the liner can obtain better peel strength
and shear strength[12]. M. S. Piskarev et al. used DC discharge to treat the PTFE liner. The results
showed that the surface contact angle of the liner after the discharge treatment was significantly
reduced, which effectively improved the bonding performance between the liner and the
substrate[13]. Xia Bin proposed a new bonding and curing process to improve the bonding strength
between the self-lubricating liner and the substrate[14].

In recent years, laser surface micro-textures technology has gradually been applied to the surface
of tools, cylinder liners, bearings, die, and other parts due to its advantages of high efficiency,
precision, and environmental protection. By preparing micro-textures on the surface, the lubrication
effect of parts is improved and the service life is prolonged[15-18].

However, there are few reports about the laser micro-textures technology used to improve the
bonding performance of joint bearings and liner. In this paper, the substrate-PTFE liner is taken as
an example, the surface of the substrate is textured, and the effect of laser micro-textures density on
the bonding performance of the substrate-PTFE liner is studied by numerical simulation and
experimental verification. To improve the adhesive strength of the inner gasket of the joint bearing
to provide a technical basis.

2. Experiment Part

2.1. Numerical Simulation

In this paper, a bilinear constitutive model based on the Traction-Separation material model is used
to describe the failure mode of the cohesive element materia[19]. The description method of the
bilinear constitutive model is shown in Figure.1.

Figure 1: Bilinear constitutive model.

Nmax—Maximum tensile force; Kn—Cohesive unit stiffness; δ0—Unit displacement at maximum
tensile force; δmax—Relative displacement when the interface is completely destroyed; GTC—The
fracture energy released by the complete destruction of the interface.
GTC can be expressed by formula (1):
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(1)
Kn can be expressed by formula (2):

(2)
Table 1 shows the material performance parameters of the PTFE liner and adhesive layer used in
the simulation.

Table 1: Property parameters of materials.

Key parameters PTFE
liner[20]

3M DP
460[21]

Young’s modulus(MPa) 1300 3000
Poisson ratio 0.4
Tensile strength(MPa) 25 20
Percentage of breaking elongation(%) 250-500
Shear strength(MPa) 15
Shear modulus of elasticity(MPa) 1154
Normal fracture energy(N/mm) 0.3
Shear fracture energy(N/mm) 0.52

The textured substrate was prepared by three-dimensional modeling software, as shown in
Figure.2. The finite element simulation software ABAQUS is used to establish the substrate-liner
geometric model as shown in Figure.3. The upper layer is PTFE liner layer (L=80mm, h=2mm), the
middle layer is 3M DP 460 equivalent adhesive layer (initial thickness 0.2mm), the lower layer is
the substrate layer (L=80mm, h=8mm) and the viscosity coefficient of the middle layer is defined as
0.01. The geometric model is meshed in the form of a two-dimensional four-node (COH2D4)
cohesive unit, the normal vertical displacement boundary condition is applied to the upper right
corner of the pad, and the bottom surface of the substrate is a fixed constraint. When SDEG=1, the
cohesion unit in the Viscous Regularization interface will be deleted after failure. To facilitate the
observation of the simulation results, this article defines the coefficient in Max Degradation as 0.85,
which means that when SDEG=0.85, the user-defined cohesion unit is considered to have
completely failed.

Figure 2: Surface morphology.

Figure 3: Geometric model of matrix-liner.
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2.2. Tensile Test

Nd: YAG laser (Figure.4) was used to process the micro-textures (diameter 110μm, depth 27μm,
and 10% and 40% in density) on the surface of the substrate. The micro-textures morphology is
shown in (Figure.5). The processing parameters: current 20A, pulse width 70ns, and pulse repetition
times 10 times[22].

Figure 4: YAG laser equipment.

Figure 5: Micro-textures morphology.

Coat the adhesive on the surface of the substrate and the PTFE liner and keep the pressure for a
certain time. After the sample is completely cured, place it in a high-temperature heating box and
heat it for 2 hours, keep the temperature in the box at 150°C, and take out the sample for a tensile
peel test (Figure.6).

Figure 6: Peel test.
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Figure 7: Peeling force-peeling length curve.

The peel force-peel length curve (Figure.7) is used to estimate the average peel force, and the
maximum peel force is determined by the maximum peak value of the curve, with N as the unit.
The tensile specimen is a rectangular block of 120mm×30mm×10mm. In the calculation process, it
is necessary to remove the clamping length of 20mm and the pre-stretching displacement of 20mm
at the beginning of stretching, and the effective stretch length of 80mm is used to calculate the peel
strength value. Calculation method as shown in formula (3).

(3)
—Peel strength(N/mm); F—Peel force(N); B—Sample width(mm).

3. Results and Analysis

3.1. The Effect of Density on Bonding Strength

To explore the effect of micro-textures density on the bonding performance of the substrate-liner
interface, micro-textures with a density of 12.6%, 19.6%, and 34.7% were designed on the surface
of the substrate. The tensile simulation results are shown in Fig.8 and 9. Compared with smooth
sample (Figure.9(a)), the tensile stress of the substrate surface liner with textures density of 12.6%
(Figure.9(b)), 19.6% (Figure.9(c)) and 34.7% (Figure.9(d)) increased by 39.55%, 47.63% and 52.86,
respectively. It can be seen from the above that the greater the tensile stress of the liner, the higher
the bonding strength. Therefore, within the scope of the research parameters set in this paper, the
tensile stress of the substrate surface liner increases with the increase of textures density, and the
bonding strength of the higher density textured substrate surface liner is higher.
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Figure 8: Damage of adhesive layer.
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Figure 9: Tensile stress of liner.

The maximum peeling force of the substrate surface liner treated with different density textures has
increased to varying degrees. With the increase of textures density, the maximum peeling force
shows an increasing trend. When the textures density is 34.7%, the maximum peel force is about
33N, which is a 65% increase compared to smooth sample, as shown in Figure.10 and 11. The
textured treatment on the surface of the substrate increases the specific surface area of the substrate-
liner contact and increases the surface roughness. At this time, the cement can fully wet the metal
surface and penetrate into the metal void. The cement can produce greater bite force with the metal
matrix; on the other hand, the higher density textures can store more adhesive, provide greater shear
force during the stretching process, and make the adhesive layer difficult to fall off. The interface
bonding strength is further enhanced.

The numerical simulation output results can show that within the parameters studied in this paper,
the micro-textures can increase the peeling force of the liner, and the bonding strength increases
with the increase of the density of the textures.

Figure 10: Load-displacement relationship.

Figure 11: Film peeling force on the surface.
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3.2. Bonding Performance Test

The test results are shown in Figure.12. After the sample undergoes the peel test, a part of the
colloid remains on the surface of the sample, and the other part of the colloid is separated with the
liner. The adhesive failure mode is mainly a mixed form of interface failure and cohesive failure,
and some adhesive failures. It occurs inside the glue layer, and the other part occurs on the surface
of the substrate.

The results of the bonding performance test show that the laser micro-textures can effectively
enhance the bonding strength of the substrate-liner, and the peeling force increases with the increase
of the density of the textures; compared to the smooth sample, the peeling force of the 10% sample
increased by 35.90%, and the peeling force of the liner on the surface of the 40% density sample
increased by 46.15%, as shown in Figure.13. Because the micro-textures increases the effective
contact surface area of the substrate surface and the completely softened adhesive can fully contact
the substrate surface, penetrate into the voids on the substrate surface, and produce strong physical
adsorption and mechanical occlusion. The adhesive that penetrates into the textures can generate
stronger shear force during the stretching and peeling process, effectively enhancing the interface
bonding strength. During the research process, it was found that although the numerical simulation
and the actual test data have certain errors, the increasing trend of the sample surface peel force
with the increase of textures density is consistent with the simulation results, thus verifying the
accuracy of the numerical simulation.

Figure 12: Specimens after degumming.

Figure 13: Film peeling force on the surface.
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4. Conclusions

The bonding strength of the liner increases with the increase in textures density. When the density is
34.7%, the maximum peel force of the liner is about 33N, which is 65% higher than that of the
smooth sample, showing the best bonding performance.

The results of the bonding performance test and the numerical simulation showed the same trend.
The maximum peeling force increased with the increase of textures density. The peeling force of the
surface liner of the 40% density sample was increased by 46.15% compared with the smooth
sample. It fully shows that the surface micro-textures can effectively improve the bonding
performance of the substrate-PTFE liner.

Laser surface micro-textures technology provides a theoretical basis and technical guidance for
parts that require improved bonding performance, such as surface liner and engineering coatings of
joint bearings.
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