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Abstract
The lubrication performance of the crankpin bearing in an engine is greatly affected by the friction force 
generated by the oil film and solid asperity contact between the crankpin surface and bearing surface. To 
improve the lubrication performance of the crankpin bearing, the oil film pressure and oil film thickness in 
the elastic hydrodynamic lubrication region of the crankpin bearing need to be enhanced. Thus, based on 
the hydrodynamic lubrication model of the crankpin bearing, this study proposes and designs the micro-
textures on the bearing surface to enhance the oil film thickness. The study results showed that under the 
various external loads of the crankpin bearing at a speed of 2000r/min of the engine simulated, the max-
imum values of the friction force, asperity contact force, and friction coefficient of the crankpin bearing 
are significantly reduced by 27.1%, 46.2%, and 51.4% compared to without microtextures, respectively. 
Besides, the lubrication performance of the crankpin bearing with microtextures using the distribution 
density of 12×6 is better than that of microtextures using the distribution density of 6×6 and 18×6. Thus, 
the crankpin bearing with microtextures of 12×6 should be designed to further improve the lubrication 
performance of the engine.
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Introduction
In the working process of engines, the friction generated in the bearings (crankpin bearing 

and crankshaft bearing) significantly affects the engine’s power loss. Thus, studying the 
lubrication of the engine’s crankpin bearings to ameliorate the lubrication performance of 
engines was a topic of interest to many researchers. Based on the initial design parameters of 
the crankpin bearing, the effect of the design parameters, including the bearing radius, bearing 
width, gap of the crankpin bearing, and surface roughness of the crankpin bearing, was studied 
to improve the lubrication performance of the engine [1-6]. Additionally, the design parameters 
of the crankpin bearing were optimized for enhancing the lubrication performance. By using 
the genetic algorithm to optimize these parameters, the lubrication performance of the engine 
has been significantly improved [7-9]. However, the studies indicated that at the elastic 
hydrodynamic lubrication region of the crankpin bearing with its minimum oil film thickness 
below 10mm, solid asperity contact between the crankpin surface and bearing surface 
generated the friction force and asperity contact force. These two forces greatly affected the 
crankpin bearing’s lubrication. To solve this issue, the hydrodynamic lubrication mode in the 
crankpin bearing needs to be enhanced. This means that the oil film pressure and oil film 
thickness at the elastic hydrodynamic lubrication region need to be increased. However, using 
only the optimized parameters of the crankpin bearing, it is difficult to improve both the oil 
film pressure and oil film thickness.

In the lubrication of the non-slip surface of friction pairs, to the oil film pressure and 
oil film thickness, the microtextures added on the surfaces of non-slip friction pairs [10-
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14], the research results indicated that both the oil film pressure 
and oil film thickness have been enhanced and the lubrication 
performance of the friction pairs has been improved [10-15], 
thus, these microtextures can also be applied to the surfaces of 
the crankpin bearing to improve the lubrication performance. 
However, this issue has not been studied yet. To elucidate the 
above issues, based on the hydrodynamic lubrication model and 
the optimal parameters of the crankpin bearing [6,9] and the 
parameters of microtexture of friction pairs [15], the microtextures 
are then proposed and designed on the bearing surface to improve 
the lubrication performance of the crankpin bearing. Enhancing 
the oil film pressure and oil film thickness and reducing the friction 
force, asperity contact force, and friction coefficient to improve the 
lubrication of the crankpin bearing in an engine are the objective 
functions of this study.

Lubrication Model of CB Using Micro-Textures
CB’s lubrication model

In order to assess the lubrication performance of the crankpin 
bearing added by the microtexture on the bearing surface, a 
hydrodynamic lubrication model of the crankpin bearing is built in 
(Figure 1a). In addition, to simplify for designing the microtexture 

on the bearing surface, a model of the bearing surface built in the 
Cartesian counterpart [16] is also established in (Figure 1b) for 
designing the microtexture and improving the oil film pressure and 
thickness. The depth of all the textures is assumed to be the same, 
and the distance between each texture designed on the bearing 
surface is equidistant in both the x- and y-directions. The structure 
and parameters of the microtextures are shown in (Figure 1c). 
Where ω, φ, and ψ are the angular velocity, angular coordinate, and 
attitude angle of the crankpin in the bearing; e is the eccentricity 
between the shaft and bearing centers; r is the radius of a 
microtexture; S is the area of the bearing surface; x and y are the 
distances between two microtextures; X and Y are the length and 
width of the bearing surface; and ht is the depth of the microtexture; 
a and b are the number of microtextures in the directions of x and 
y. Due to the radius of the crankpin being smaller than the radius of 
the bearing, the small gap C and an eccentricity ratio e exit between 
the bearing and crankpin; thus, the oil film thickness is calculated 
by h0=C(1+e×cosφ/C). With the depth of microtexture designed on 
the bearing surface in (Figure 1b & 1c), the oil lubrication is then 
added in these microtextures; thus, the actual oil film thickness in 
the crankpin bearing is calculated by:

0 1 cost t
e

h h h h C
C

φ= + = + +
 
 
 

 (1)

 

Figure 1: (a) Lubrication model of the crankpin bearing; (b) Design of microtextures on bearing surface; (c) structure 
of a microtexture.
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To determine the shape and the depth of microtextures 
designed, the mathematical equations of the microtextures are 
presented below.

Design of micro-textures on CB’s surface

Based on the structure of the designed microtexture, as shown 
in (Figure 1b & 1c), the dimensions or distances between the 
microtextures in the directions of x and y are calculated as:

2
2

x X m r
y Y n r
= −

= −



  (2)

Therefore, the depth equation and the shape equation of 
microtexture on the bearing surface are written as:
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where xti and yti are the center coordinates of microtexture in 
the direction of x and y; and ht is the depth of microtextures. These 
parameters can be calculated by:
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By combining Equations (2-4), the depth equation and shape 
equation of the microtexture are calculated for the simulation.

Application of Reynolds Equations
The Reynolds equation was applied to compute the oil film 

pressure (p) and oil film thickness (h) of journal bearings in the 
hydrodynamic lubrication condition [5,17]. With the hydrodynamic 
lubrication of the crankpin bearing, the Reynolds equation is also 
applied to calculate the oil film pressure and oil film thickness. In 
the working process of the crankpin bearing, the load W0 acting on 
the crankpin changes and affects the lubrication of the crankpin 
bearing, besides, the microtexture designed on the bearing surface 
also affects the lubrication of the crankpin bearing. To calculate 
the lubrication equation of the crankpin bearing according to the 
Reynolds equation, some assumptions of the model need to be 
given as follows: (1) the inertia of the oil flow and the velocity of the 
oil film in the centripetal motion are very small, (2) the density and 
dynamic viscosity of the oil film are unaltered during the working 
process of the crankpin bearing, and (3) the bearing surface is fixed 
while the crankpin surface is moved on the bearing surface with a 
velocity of u=rb×ω in the direction of x. Thus, a general form of the 
Reynolds equation of the crankpin bearing lubrication is written by 
[6,9,15]:
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With X’=x/X, Y’=y/Y, γ=X/Y, H=h/C, P=p/p0, Λ=6hωY2/p0C2, 
Γ=12hωY2/t0p0C2, T=t/t0, and ∆=σ/C, the dimensionless form of the 
Reynolds equation of the crankpin bearing lubrication is rewritten 
as follows:
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where as and (ax, ay) are factors of the pressure and shear flows; 
p0=101325Pa is the atmospheric pressure.

To calculate the oil film pressure and oil film thickness the 
boundary conditions of the crankpin bearing lubrication model 
are defined as follows: (1) the inlet and outlet pressures and the 
boundary pressures of the crankpin bearing at a, b, c, and d in the 
same (Figure 1c) are defined by the same atmospheric pressure of 
p0; (2) the maximum thickness of the oil film at φ=0o are the inlet 
oil film at a and outlet oil film at b in (Figure 1c); (3) the oil film 
thickness always exists and distributes over the bearing surface; 
and (4) the pressure in the cavitation region of the crankpin 
bearing is calculated by pc=ps with p£ps and pc=p with p>ps (ps is the 
saturation pressure). Therefore, the pressure at φ=0 and φ=360 is 
the oil film pressure; and the pressure at x=0 and x=B is zero. Based 
on these boundary conditions, both the oil film pressure and oil film 
thickness of the crankpin bearing could be computed.

Evaluation Indexes of Lubrication Performance
Due to the effect of the load W0, thus, the load bearing capacity 

of the crankpin bearing generated by the oil film pressure defined 
by W=W0+Wa must balance with W0 to ensure the normal working 
condition of the crankpin bearing. This means that the oil film 
pressure needs to be increased to enhance the load bearing capacity 
W0 of the oil film. Concurrently, the solid asperity contact pressure 
of the Elastic Hydrodynamic Lubrication (EHL) region needs to 
be decreased to reduce the Friction Force (Ff) and the asperity 
contact force Wa of the elastic hydrodynamic lubrication region of 
the crankpin bearing [5,9]. Because both the load bearing capacity 
of the crankpin bearing W and the friction force Ff of the crankpin 
bearing are strongly affected by both the oil film pressure and oil 
film thickness [3], thus, the microtextures are designed on the 
bearing surface to enhance both the oil film pressure and oil film 
thickness. To evaluate the lubrication performance of the crankpin 
bearing using the microtexture, the indexes of the increase of the 
oil film pressure p and reduction of the friction force Ff, asperity 
contact force Wa, and friction coefficient µ are selected as objective 
functions of this study. These indexes are determined as follows.

Index of oil film pressure distribution (p)

The oil film pressure distribution on the bearing surface is 
determined in Equation (5).

Index of friction force (Ff)

In the working process of the crankpin bearing, the generated 
friction force in the crankpin bearing includes the friction of the 
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moving oil film in the hydrodynamic lubrication region and the 
friction of the solid contact in the elastic hydrodynamic lubrication 
region. This friction force was written by [8]:

( )Sf aF dxdyτ τ= +∫∫  (7)

where ta is the asperity contact stress and τ is the interfacial 
shear stress on the surfaces of the crankpin bearing.

Index of asperity contact force (Wa)

When the oil film thickness is lower than 10mm, there exists 
an elastic hydrodynamic lubrication region of the crankpin bearing 
[5], thus, the asperity contact force of the crankpin bearing was 
calculated by [9,17]:

( ) ( )2 2
cos sinS Sa a aW p dxdy p dxdyφ φ= +∫∫ ∫∫  (8)

where the asperity contact pressure of pa was calculated by 

( )2
1.5ap Eψζ ζ ησ= .

Index of friction coefficient (µ)

Based on the calculated results of the friction force in Equation 
(7) and the load bearing capacity of the crankpin bearing W=W0, 
the friction coefficient µ of the crankpin bearing was expressed by 
[5]:

0fF Wµ =  (9)

The indexes in Equations (5, 7-9) are then used to evaluate 

the lubrication performance of the crankpin bearing using the 
microtextures.

Simulation and Discussion
Computation of structure of microtextures

In order to compute the microtextures designed on the bearing 
surface as well as evaluate its performance in ameliorating the 
lubrication of the crankpin bearing, based on the design parameters 
of the crankpin bearing in Ref. [6,9] and the optimal parameters of 
microtexture in Ref. [15], as listed in (Table 1), these parameters 
are then simulated under the effect of the load W0 acting on the 
crankpin at a speed of 2000sr/min in (Figure 2). Based on the input 
parameters, lubrication equations, and microtexture equations 
calculated, MATLAB software is then applied to calculate the 
objective functions. From the simulated result, the distribution of 
microtexture with a´b=12×6 designed on the crankpin bearing is 
shown in Figure 3. This distribution is then applied to compute 
the oil film pressure and oil film thickness of the crankpin bearing 
and analyze its lubrication performance. Based on the input 
parameters, lubrication equations, and microtexture equations 
calculated, MATLAB software is then applied to calculate the 
objective functions. From the simulated result, the distribution of 
microtexture with a´b=12×6 designed on the crankpin bearing is 
shown in Figure 3. This distribution is then applied to compute the 
oil film pressure and oil film thickness of the crankpin bearing and 
analyze its lubrication performance.

Figure 2: The data of W0 acting on the crankpin.

Figure 3: Distribution of microtextures on the bearing surface.
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Table 1: The simulation parameters of the crankpin 
bearing and microtexture.

Parameter Value Parameter Value

rb (mm) 20.08 ht (mm) 5.5

B (mm) 18.06 R (mm) 0.85

c (mm) 24.40 Lx (mm) 126.1

m 3.56 Ly (mm) 18.06

m 2 a×b 12×6

Pas 0.02 E (GPa) 140

 720 α (o) 65

X (mm) 127 r (mm) 0.85

Y (mm) 18 ht (mm) 5.5

Discussion
With the microtexture designed by the depth of 5.5mm on the 

bearing surface, the oil film thickness of the crankpin bearing is 
simulated and plotted in Figure 4. From the result in (Figure 4), 
we can see that in the range of the circumferential coordinate from 
198o to 212o, the oil film thickness h is lower than the safe oil film 
thickness in Ref. [5], this is the elastic hydrodynamic lubrication 
region of the crankpin bearing. This is due to the effect of the 
maximum load of W0 in (Figure 2) acting on the crankpin at the 
combustion cycle of the engine. Thus, the eccentricity between 
the bearing and crankpin is increased, and the oil film thickness 
is decreased. In this elastic hydrodynamic lubrication region, both 
the friction force and asperity contact force of the crankpin bearing 
can be increased. Therefore, microtextures need to be designed 
and added to the bearing surface to increase the oil film pressure 
and oil film thickness in this region to ameliorate the lubrication 
performance of the crankpin bearing.

Figure 4: Oil film thickness of crankpin bearing without microtextures and using microtextures.

With the microtextures designed on the bearing surface, Figure 
4 indicates that the oil film thickness of the crankpin bearing 
is significantly increased compared to without microtextures, 
especially at the elastic hydrodynamic lubrication region. With 
the increase of the oil film thickness in the crankpin bearing, the 
oil film pressure distributed on the bearing surface of the initial 
structure and using microtextures have been shown in Figure 5a & 
5b. Observing Figure 5a & 5b, we can see that the maximum oil film 
pressure without microtextures is 190MPa, while the maximum oil 
film pressure with microtextures is 220MPa. This maximum oil film 

pressure is increased by 13.6%. This result is similar to the result 
of microtextuers designed in the journal bearings [13]. Because 
the oil film pressure is increased by using the microtextures, thus, 
both the friction force and asperity contact force could be reduced 
to improve the lubrication performance of the crankpin bearing. 
To clarify this issue, based on the simulated results of the oil film 
thickness and oil film pressure of the crankpin bearing in Figure 4 
& 5, the friction force, asperity contact force, and friction coefficient 
of the crankpin bearing are computed and presented in (Figure 6a-
6c), respectively.
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Figure 5: Oil film pressure distribution on the bearing surface: (a) without microtextures, and (b) using 
microtextures.
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Figure 6: (a) Friction force; (b) asperity contact force; and (c) friction coefficient of the crankpin bearing.

The results indicate that under the effect of the load W0, both 
the friction force and the asperity contact force reach the maximum 
values at the elastic hydrodynamic lubrication region. These results 
are similar to those in Refs. [6,16,18]. By adding microtextures 
on the bearing surface, the friction force, asperity contact force, 
and friction coefficient of the crankpin bearing are significantly 
reduced compared to without the microtextures, especially, these 
maximum values are strongly reduced by 27.1%, 46.2%, and 51.4% 
compared to without microtextures, respectively. This effectiveness 
is achieved because the lubricating oil film thickness is increased 
due to the addition of microtextures on the bearing surface. 
Therefore, the lubrication mode of the crankpin bearing is primarily 
hydrodynamic lubrication. From these obtained results, we can 

see that the indexes of the friction force, asperity contact force, 
and friction coefficient of the crankpin bearing are significantly 
reduced; thus, the lubrication performance is ameliorated by using 
the microtextures. However, this result was achieved through a 
design of microtextures at a distribution density of 12×6. The 
change of the distribution density of the microtextures on the 
bearing surface can affect the study result. Therefore, two different 
distribution densities of 6×6 and 18×6 are designed on the bearing 
surface and simulated to analyze the effect of their density on the 
lubrication performance of the crankpin bearing. The distribution 
results of the microtextures of 6×6 and 18×6 are simulated and 
plotted in Figure 7a & 7b. From these distribution results, their oil 
film pressures are also simulated and shown in Figure 8a & 8b.
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Figure 7: (a) Distribution density of 6×6 and (b) distribution density of 18×6.

Figure 8: (a) Oil film pressure distribution at density of 6×6 and (b) at density of 18×6.

Comparison with the distribution results of the microtextures 
of 12×6, when the distribution density of microtextures decreases 
at 6×6 or increases at 18×6, the maximum oil film pressure of 
the crankpin bearing always reduces. This can be explained as 
follows: (1) With the used microtextures of 6×6, the distribution 
density of microtextures at a=6 in the direction x is less than half 
the distribution density of the microstructures at a=12, thereby, the 
solid contact region between two surfaces of the crankpin bearing 
can be substantially increased, thus, the oil film pressure reduces 
while the friction force and asperity contact force increase. Thus, 
the lubrication performance of the crankpin bearing using the 
microtextures of 6×6 is lower than that of microtextures of 12×6. 
(2) With the used microtextures of 18×6, the distribution density 
of microtextures at a=18 in the direction x is higher than that of 
the distribution density of the microstructures at a=12, thereby, the 
vacuum pressure within the microtextures can rise and reduce the 
oil film pressure. As a result, the indexes of the friction force and 
asperity contact force increase, thus, the lubrication performance of 
the crankpin bearing using the microtextures of 18×6 is also lower 
than that of microtextures of 12×6. Based on the above analysis 
results, the microtextures of 12×6, should be designed to improve 
the lubrication performance of the crankpin bearing. 

Conclusion
By designing the microtextures on the bearing surface of 

the crankpin bearing, the oil film pressure and oil film thickness 
in the crankpin bearing are significantly increased compared to 

without microtextures; as a result, the maximum values of the 
friction force, asperity contact force, and friction coefficient of the 
crankpin bearing are significantly reduced by 27.1%, 46.2%, and 
51.4% compared to without microtextures, respectively. Thus, 
the lubrication performance of the crankpin bearing is improved. 
With the different distribution densities of microtextures of 6×6, 
of 18×6, and of 18×6 applied, the lubrication performance of the 
crankpin bearing with microtextures of 12×6 is better than that 
of microtextures at 6×6 and 18×6. Besides, the contact between 
the crankpin surface and bearing surface always generates a 
friction force. This friction force increases the frictional power 
loss and decreases the durability of engines. Thus, by designing 
microtextures on the bearing surface could contribute to reducing 
the frictional power loss and increasing the durability of the engine.
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