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Abstract: The partial textures (PT) used by spherical textures (ST), circular 
cylinder textures (CCT), conical textures, wedge-shaped textures (WST), and 
square cylinder textures are designed on the crankpin-bearing (CB) to improve 
the lubrication of an engine. Based on the lubrication model of CB, the effect of 
PT’s dimension/distribution densities on the lubrication performance is 
analysed. Radius and depth of PT are then optimised to maximise lubrication of 
an engine. This study’s objective is the decrease Ff (CB’s friction force) and 
increase p (oil film’s pressure). Results indicate that engine’s lubrication using 
PT is better than using full textures. Also, the lubrication in an engine using ST 
is also better than using other PT. Especially, with ST optimised, both 
maximum p and Ff are ameliorated by 8% and 25% in comparison with full 
textures. Consequently, CB’s bearing surface designed by optimised ST should 
be applied to further improve engine’s lubrication. 

Keywords: lubrication model; crankpin bearing; spherical textures; conical 
textures; square cylinder textures; wedge shaped textures; optimisation 
algorithm; lubrication performance. 
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1 Introduction 

In order to optimise the working performance in journal bearings, their dynamics 
coefficients and dimensions influenced on the lubrication performance had been studied 
and analysed in the existing research. The bearing and shaft surfaces were then 
investigated and embedded by the micro-textures for enhancing the thickness and 
pressure of the oil film in the journal bearings’ working process (Kim et al., 2014; Liu 
and Ye, 2021; Ni et al., 2022; Zhang et al., 2022). The lubrication in journal bearings was 
then significantly ameliorated in comparison without the micro-textures. The influence of 
micro-textures’ shape and dimension on the journal bearings’ pressure distribution as 
well as lubrication efficiency was also evaluated to optimum journal bearings’ lubrication 
(Sinanoğlu et al., 2005; Mourier et al., 2010; Bolutife et al., 2015; Arulbrittoraj et al., 
2020). To assess in detail the journal bearings’ lubrication using micro-textures designed 
on journal bearings, the various micro-textures used by oval textures, spherical textures, 
circular-square textures (CST), and circular cylinder textures (CCT) had been 
investigated, respectively (Guzek et al., 2013; Michalec et al., 2021). Then, the 
experiment of the spherical textures and square-cylinder textures was also done to assess 
the actual lubrication performance of the journal bearings using the micro-textures 
(Papadopoulos et al., 2011; Fouflias et al., 2017). Result indicated that the structures of 
spherical textures or square cylinder textures could better ameliorate the lubrication in 
journal bearings in comparison with other shapes of the micro-texture. 

From the lubrication performance of spherical textures or square cylinder textures 
investigated and applied to journal bearings in existing investigations, the bearing surface 
of the crankpin bearing was then studied and added by the spherical textures to decrease 
the friction and improve the engine’s lubrication (Wang et al., 2021; Hua et al., 2022). 
Then, the optimisation of design parameters of spherical textures was done to further 
ameliorate the engine’s lubrication (Dobrica et al., 2010; Nguyen et al., 2021; Hua et al., 
2022; Jain and Parashar, 2022). The investigation result indicated that the friction of the 
crankpin bearing was significantly reduced while the lubrication of the engine was 
significantly changed and enhanced by using spherical textures compared to without 
spherical textures. However, in the studies of the bearing surface of engine’s crankpin 
bearing using micro-textures, researchers also noted that both the friction force and 
pressure of the oil film in crankpin bearing was only improved when the minimum value 
of the oil film thickness was smaller than 10 µm and this mainly appeared at the crankpin 
bearing’s mixed lubrication. Conversely, the studies of Kim et al. (2014) and Zhang et al. 
(2022) showed that the friction force and pressure of the oil film in the journal bearings 
were insignificantly ameliorated by using the micro-textures when the minimum  
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thickness of the oil film was more than 10 µm. This mainly appeared at the 
hydrodynamic-lubrication region in journal bearings’ surfaces. Based on these 
investigation results, the partial textures should be researched and embedded at the 
mixed-lubrication region in crankpin bearings for ameliorating the engine’s lubrication. 
This not only improves the engine’s lubrication but also is technologically simple 
compared to micro-textures added throughout the crankpin bearing’s surface. But this 
problem has not been investigated yet. Moreover, the evaluation of the crankpin bearing’s 
lubrication using both structures of conical textures and wedge-shaped textures (WST) 
has not also been researched yet. 

To solve these existing issues in the lubrication of engine’s crankpin bearing using 
micro-textures, at the mixed-lubrication range of crankpin bearing, the surface of the 
bearing designed by partial textures using spherical textures (ST), CST, CCT, conical 
textures (CT), or WST is investigated in this paper. To assess the crankpin bearing’s 
lubrication using various partial textures, based on the lubrication model of engine’s 
crankpin bearing and model of partial textures established, all the shapes, depths, and 
dimensions of partial textures are then simulated and analysed under the different 
dynamic load of the engine. Then, these parameters are also optimised for further 
ameliorating engine’s lubrication via two assessing indicators in the pressure (p) of the 
oil film and friction force (Ff) of crankpin bearing. 

The novelty of this study is summarised as follows: 

1 The partial textures are proposed and designed on the mixed-lubrication region of the 
bearing surface in an engine’s crankpin bearing to maximise lubrication of an engine. 

2 The lubrication performance in an engine’s crankpin bearing using different 
structures of the partial textures and the influence of their design parameters are 
studied and evaluated, respectively. 

3 To further ameliorate an engine’s lubrication, the radius and depth of spherical 
textures are also optimised via a multiobjective optimisation method. 

2 Crankpin-bearing’s hydrodynamic lubrication model 

2.1 Modelling of crankpin bearing’s lubrication and partial textures’ design 

In order to assess the partial textures’ efficiency on ameliorating the lubrication in the 
crankpin bearing under the impact of the Fc (slider crank mechanism’s dynamic load), a 
3D structure and lubrication model of crankpin bearing embedded by partial textures on 
its bearing surface have been built in Figure 1(a) and (b). Besides, in order to calculate 
both values of the thickness and pressure of the oil film in crankpin bearing, the model of 
the Cartesian counterpart (Shen and Khonsari, 2015, Ni et al., 2022) was also used for 
computing the lubrication parameters in engine’s crankpin bearing as well as designing 
partial textures in crankpin bearing’s bearing surface, as illustrated in the same  
Figure 1(b). 

Under the influence of the dynamics load Fc impacting on engine’s crankpin bearing, 
the maximum pressure and minimum thickness of the oil film were reached at a range of 
ψ from π/2 to π. This was the mixed-lubrication region of crankpin bearing and it greatly 
affected the engine’s lubrication performance (Dobrica et al., 2010; Michalec et al., 
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2021). Thereby, partial textures need to be added on the bearing surface at this range for 
ameliorating the engine’s lubrication, as illustrated in the same Figure 1(b). 

Figure 1 Structure and lubrication model of the engine: (a) 3D structure of engine’s slider crank 
mechanism and (b) lubrication model of crankpin bearing added by micro-textures  
(see online version for colours) 
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Where P is the pressure in the combustion chamber acts on the top of the piston; Fc is the 
dynamic load of an engine’s slider crank mechanism acting on crankpin bearing; ω is the 
angular speed of the engine’s crankshaft; ψ is the crankpin bearing’s angular coordinate; 
δ is the eccentricity of the bearing and crankpin; u0 is the relative speed of two crankpin 
and bearing surfaces; h is the thickness of the oil film used to lubricate between crankpin 
and bearing surfaces; S is crankpin bearing’s lubrication area; {a×b} is the partial 
textures’ matrix; {Lx and Ly} and {lx and ly} are dimensions of the bearing surface and 
partial textures in the x and y direction; m and n are the crankpin bearing’s initial and 
final pressure at ψ = 0 and ψ = 2π; p and q are the left and right pressures at 0 and Ly of 
the crankpin bearing, respectively. 

In addition, the partial textures’ various structures applied by spherical textures, CCT, 
conical textures, square cylinder textures, and WST are also researched to evaluate their 
performance in ameliorating the engine’s lubrication. Their structures are shown in 
Figure 2. Herein, hoil is the thickness of the oil film existing between the crankpin and 
bearing surfaces; htextures is the thickness of the oil film (or depth of designed micro-
textures); R is the radius of spherical textures, CCT, and conical textures while lt is the 
rectangle’s length of the square cylinder textures and WST, respectively. 

In order to ensure the lubrication of crankpin bearing, a small gap always exists in 
crankpin bearing and it is written as κ = Rbearing − Rcrankpin. Herein, Rcrankpin and Rbearing are 
the radius of the crankpin and bearing. Therefore, under the movement of the crankpin in 
the bearing, an eccentric ratio between the bearing and crankpin exists and it is defined 
by ζ = δ/κ. Based on this ratio, the oil film thickness in an engine’s crankpin bearing 
could be computed by: 

( cos 1)oilh ζ γ κ= +  (1) 
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Based on the crankpin bearing’s oil film thickness calculated in equation (1), the actual 
oil film thickness of the crankpin bearing embedded by the htextures of the partial textures 
is expressed as follows: 

( cos 1)oil textures texturesh h h hζ γ κ= + = + +  (2) 

In order to assess the various textures’ effect on an engine’s lubrication, the mathematical 
equations of all the spherical textures, CCT, conical textures, square cylinder textures, 
and WST need to be determined. From the distribution of different micro-textures 
described in Figure 1(b), their distribution equations are calculated by: 

2 with ST, CCT, and CT
4 ( )  and  ( ),

with SCT and WSTx x y y
t

R
L a l L b l

l
⎧

= + Π = + Π Π = ⎨
⎩

 (3) 

With the structure of the spherical textures, CCT, and conical textures added in the 
crankpin bearing’s bearing surface, their shape and depth were determined by (Zhang et 
al., 2022): 

2 2 2

with 
  

with 

( ) ( )    

oil textures textures textures

oil textures

i j

h h H R R
h

h R R

R x x y y

+ + <⎧
= ⎨ >⎩

= − + −
 (4) 

where 2 2 2 2 2 2 2( ) / 4 ( ) / 2 .textures textures textures textures textures texturesH R h h R R h h= + − − +  
With the structure of the square cylinder textures and WST added in the crankpin 

bearing’s bearing surface, their shape and depth were determined by 

with  | | 0.5
with  | | 0.5

oil textures i t

oil i t

h h x x l
h

h x x l
+ − <⎧

= ⎨ − ≥⎩
 (5) 

where htextures is a constant with the micro-textures of circular cylinder and square 
cylinder textures while htextures with the spherical textures, conical textures, and WST is 
changed and determined as in equation (6); xi and yj are two coordinates in each micro-
texture in the x and y direction and they are computed as in equation (7). 

sin (1 cos ) with ST
tan with CT

0.5 tan with WST
textures

t

R
h R

l

δ δ
δ

δ

−⎧
⎪= ⎨
⎪
⎩

 (6) 

(2 1)(2 )(2 1)(2 )
  and  

4 4
yx x

i j

j l RL i l R
x y

− ++ − +
= =  (7) 

where a ≥ i ≥ 1 and b ≥ j ≥ 1. 
From the mathematical equations of shape, depth, and distribution of all the various 

micro-textures calculated in equations (1)−(7), these mathematical equations have been 
used for simulating and assessing the lubrication in an engine’s crankpin bearing using 
different textures. 
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Figure 2 Structure of the partial micro-textures designed on an engine’s crankpin bearing: (a) ST; 
(b) CCT; (c) CT; (d) SCT and (e) WST (see online version for colours) 
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2.2 Reynolds equation for hydrodynamic lubrication with its application 

To evaluate an engine’s lubrication using micro-textures, the lubrication equations of the 
engine’s crankpin bearing and micro-textures need to be determined. Based on the actual 
working condition of the engine’s crankpin bearing, it is assumed that the bearing has 
been fixed in the x and y direction while the crankpin is moved with the speed u0 in x 
direction. Therefore, the boundary speed of the oil film on the crankpin and bearing 
surface is calculated as: 

0

0 at 0 
at 

u z
u u z h

= =⎧
⎨ = =⎩

 (8) 

In the actual condition, the inertia of the oil film is small and ignored in the computation 
process. In addition, the density and viscosity of the oil film in an engine’s crankpin 
bearing are also defined as unchanged during work. Therefore, the oil film pressures in 
the x and y direction were calculated as (Nguyen et al., 2021; Wang et al., 2021): 

  and  p u p v
x z z z y z z z

τ η τ η∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎛ ⎞ ⎛ ⎞= = = =⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠
 (9) 

where η is the dynamics viscosity of the oil film. 
From two initial conditions of the oil film’s speed in equations (8), (9) is then 

derivative twice in the z direction to obtain the speed equations of the oil film. The speed 
equations in two directions of x and y have been written by: 

2 1 2
0

1 1( )   and  ( )
2 2

p pu z hz u zh v z hz
x yη η

−∂ ∂= − + = −
∂ ∂

 (10) 

Based on the calculation equation of the fluid continuity equation, its equation is given by 
(Patir and Cheng, 1978): 



   

 

   

   
 

   

   

 

   

    Improving engine’s lubrication based on optimised partial micro-textures 239    
 

    
 

   

   
 

   

   

 

   

       
 

( ) ( ) 0u v
x y

ρ ρ∂ ∂+ =
∂ ∂

 (11) 

where u and v are the velocity of the oil film in the x and y direction; ρ is the oil density 
in the journal bearing. 

By replacing the velocity values of u and v in equation (10) into equation (11) and 
mathematical transformation of equation (11), the Reynolds equation of equation (11) is 
obtained as follows (Patir and Cheng, 1978, 1979): 

3 3 s
06 2x y

p p h hh h u
x x y y x x

φφ φ η ς
φ

⎡ ∂ ⎤⎛ ⎞∂ ∂ ∂ ∂ ∂ ∂⎛ ⎞⎛ ⎞ + = + +⎜ ⎟⎜ ⎟ ⎢ ⎥⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠⎝ ⎠ ⎣ ⎦
 (12) 

Equation (12) is the lubrication equation of the crankpin bearing. To solve this equation, 
its non-dimension form is written as (Zhang et al., 2022; Xu et al., 2022): 

2 3 3 0 0 s 2x y
x

uP P H HH H
X X Y Y L X X

φ φςχ φ φ
κ

⎡ ⎤∂∂ ∂ ∂ ∂ ∂ ∂⎛ ⎞⎛ ⎞ ⎛ ⎞+ = Γ + +⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂Φ⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎣ ⎦
 (13) 

where X, Y, P, H, and Φ are defined by X = x/Lx, Y = y/Ly, H = h/κ, P = p/p0, and 
Φ = ϕ/ϕ0; χ = Ly/Lx; Γ = 6ηLy

2/ϕ0p0κ2; ϕs = 1.126×10−0.25 h/ς with h/ς > 5 and 
ϕs = 1.899(h/ς)0.89×10−0.92h/ς+0.05(h/ς)×(h/ς) with h/ς ≤ 5; ϕx = ϕy = 1 − 0.9×10−0.56h/ς; ς and p0 
are the random roughness of the crankpin bearing surfaces and atmospheric pressure, 
respectively. 

To solve equation (13) in the lubrication model of engine’s crankpin bearing using 
partial textures, some assumptions are given as follows: 

1 The pressure of the oil film in the crankpin bearing at inlet and outlet has been 
defined by p0 and it is also the pressure at the boundaries {m, n, p, q} of crankpin 
bearing in the same Figure 1(b). 

2 The thickness of the oil film always exists on all over the bearing and crankpin’s 
surfaces. 

3 The maximum thickness of the oil film of crankpin bearing at {m, n} has been 
defined as inlet and outlet values. 

4 In the cavitation region of crankpin bearing, the pressure of the oil film is determined 
by pc = ps with p ≤ ps and pc = p with p > ps. Here, ps is the saturation pressure of oil 
film. 

Therefore, boundary pressure conditions of oil film in engine’s crankpin bearing are 
provided as: 

( 0) ( ) ( 0) ( )  and  0
x yx x L y y Lp p p p= = = == = =  (14) 

With the initial and boundary conditions of the pressure and thickness of oil film defined, 
both the thickness and pressure of the oil film in crankpin bearing could be determined 
through the simulation process of equation (13). 
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2.3 The assessment indicators of lubrication efficiency 

When engine’s crankpin bearing is working, to ensure the crankpin bearing works 
normally, the load bearing capacity (Fb) created by the pressure of oil film on the bearing 
area must balance with the dynamics load Fc impacting on engine’s crankpin bearing 
(Fb = Fc). Here, the Fb in the engine’s crankpin bearing was expressed as follows 
(Nguyen et al., 2021): 

2 2( sin ( )d d ) ( cos ( )d d )b ac acS S
F p p x y p p x yψ ψ= + + +∫∫ ∫∫  (15) 

where pac is the asperity pressure generated at the mixed-lubrication region of crankpin 
bearing. 

Additionally, the friction force of the crankpin bearing has been also computed by 
(Patir and Cheng, 1979): 

( )d df acS
F x yτ τ= +∫∫  (16) 

where τ and τac are the stress of the interfacial shear and asperity contact of two surfaces 
of crankpin bearing. 

From equations (15) and (16), the load-bearing capacity and friction force are 
determined based on the thickness and pressure of oil film. Besides, both these 
parameters also greatly affect the journal bearings’ lubrication (Papadopoulos et al., 
2011). Therefore, in order to ameliorate the lubrication in an engine, the friction of the 
crankpin bearing needs to be reduced while its load-bearing capacity needs to be 
increased. To solve these issues, the different structures of partial textures with their 
optimal parameters are added to bearing surface to enhance both the thickness and 
pressure of the oil film. To assess engine’s lubrication with crankpin bearing designed 
and added by the partial textures, the pressure and friction of oil film in crankpin bearing 
have been used as objective function. 

3 Numerical simulation and result analysis 

In order to calculate the oil film thickness, oil film pressure, and friction force of an 
engine’s crankpin bearing impacted by the dynamic load (Fc) at 2×103 rpm in Figure 3 
(Nguyen et al., 2021), based on design parameters of the crankpin bearing and partial 
textures given in Table 1 (Zhang et al., 2022; Ni et al., 2022), the engine’s lubrication is 
then simulated and calculated via an algorithm program described and given in Figure 4 
with “Calculation diagram”. The computation steps are performed as following: 

Step 1: Initial coefficients of partial textures, crankpin bearing as well as input data of the 
dynamics load Fc are defined as input values. Then, the friction force’s vector 
(1×y = 1×120), matrix of the stress and pressure of oil film (x×y = 120×120), and matrix 
of the partial textures (a×b = 4×6) are established in MATLAB software. Based on the 
initial boundaries of the crankpin bearing, both the initial values of the stress and pressure 
of the oil film are then computed, respectively. 
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Table 1 Design parameters of an engine’s crankpin bearing and partial textures 

Parameters Values Parameters Values Parameters Values 

Lx (m) 126×10−3 R (m) 0.8×10−3 lt (m) 1.6×10−3 
Ly (m) 18×10−3 Rb (m) 20.08×10−3 κ (m) 24.40×10−6 
htextures (m) 5.5×10−6 ς (m) 3.56×10−6 δ (o) 65 

Figure 3 Impacting force of fc on an engine’s crankpin bearing (see online version for colours) 
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Figure 4 Calculation diagram of the crankpin bearing and optimisation algorithm of the micro-
textures (see online version for colours) 
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Step 2: From the initial results of the stresses and pressure of oil film calculated, the 
initial load-bearing capacity (Fb) generated by the pressure of oil film on the bearing area 
is then computed; and the value of the Fb balance with the dynamic load (Fb = Fc) to 
ensure the crankpin bearing works normally. However, it is difficult to reach the values 
of Fb = Fc in the actual condition of the crankpin bearing working. The result is Fb ≠ Fc. 
Therefore, the algorithm’s stop condition is very difficult to achieve with Fb = Fc. To 
obtain this stop condition, a small error between Fb and Fc is then established by 
ζ = 0.001. If the |Fc − Fb| ≤ ζ then both values of the Fb and Fc are defined by Fb = Fc the 
algorithm program is terminated. Then, both the results of the thickness and pressure of 
oil film are accepted. Conversely, the oil film thickness is changed until |Wc − Fb| ≤ ζ 
obtained. 

Step 3: The rotation angle in a working cycle of crankpin bearing is ϕ0 = 4π rad and 
divided by 120 equal parts with each note of ∆ϕ = 0.1π rad to compute both thickness 
and pressure of oil film at each rotation angle ϕ. Then, the next loop of the calculation 
program at ϕ = ϕ + ∆ϕ has been computed until ϕ ≥ ϕ0 to determine the oil film 
thickness, pressure, load bearing capacity, and friction force of the engine’s crankpin 
bearing. Through the algorithm program and calculation result, the lubrication 
performance in an engine’s crankpin bearing added by different textures is analysed. 

3.1 Effect of different structures of partial textures 

From design parameters of an engine’s crankpin bearing listed in Table 1, the depth and 
dimensions of all different textures of htextures = 5.5×10−6 m and lt = 2R = 1.6×10−3 m, and 
matrix of partial textures (a×b = 4×6), the depth and shape’s distribution in all spherical 
textures (ST), CCT, conical textures (CT), CST, WST, and full textures are plotted  
in Figure 5(a)–(f). Concurrently, the pressure distribution of the oil film in  
crankpin bearing with ST, CCT, CT, SCT, WST, and full textures is also shown in  
Figure 6(a)–(f), respectively. 

The results in Figure 6(a)–(f) show that under the different shapes and depths the 
partial textures designed on bearing surface, the maximum pressure of oil film with 
ST(4×6), CCT(4×6), CT(4×6), SCT(4×6), WST(4×6), and full textures is obtained at 
229×106, 225×106, 227×106, 224×106, 226×106, and 219×106 Pa, respectively. In 
addition, the maximum pressure of oil film in crankpin bearing using ST(4×6) is 
increased compared to all different textures of CCT(4×6), CT(4×6), SCT(4× 6), 
WST(4×6), and full texture. This obtained result could be due to the effect of dimension 
parameters of the various partial textures. With the structure of both CCT(4×6) and 
SCT(4×6) used, their structures in Figure 5(b)–(d) show that their depth (or oil film 
thickness) are unchanged. Thereby, the cavitation pressure of the thickness of oil film is 
increased and maximum pressure of oil film is significantly reduced. With the structures 
of ST(4×6), CT(4×6), and WST(4×6) applied, their structures in Figure 5(a), (c) and (e) 
show that their depth (or thickness of oil film) is significantly unchanged. The result is 
the cavitation pressure of oil film thickness is lightly increased, so the maximum pressure 
of oil film has been increased, especially with the bearing surface added by ST(4×6). 
Thus, the lubrication performance of the spherical textures is better than the different 
partial textures. This result was also performed in the research of Papadopoulos et al. 
(2011) on the journal bearings. In the study of Nguyen et al. (2021), the maximum 
pressure of oil film in an engine’s crankpin bearing using ST(4×6) was also increased by 
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4.8% compared to full textures in Figure 6(f). Consequently, compared to using full 
textures, ST(4×6) also better improves the engine’s lubrication. 

Figure 5 Distribution of the different textures in an engine’s bearing surface: (a) ST(4×6);  
(b) CCT(4×6); (c) CT(4×6); (d) SCT(4×6); (e) WST(4×6) and (f) full textures  
(see online version for colours) 

       
                                                (a)                                                                                             (b)    
 

       
                                                (c)                                                                                             (d)    
 

       
                                                (e)                                                                                             (f)     

From the simulation result of the pressure and stress of oil film with different partial 
textures, the friction force and maximum friction force in an engine’s crankpin bearing 
have been plotted in Figures 7 and 8. Observing both Figures 7 and 8, the friction force 
and maximum friction force of crankpin bearing designed by ST(4×6) are remarkably 
reduced in comparison with CCT(4×6), CT(4×6), SCT(4×6), WST(4×6), and full 
textures. Particularly, the maximum friction force in an engine’s crankpin bearing using 
ST(4×6) is decreased by 10.6% in comparison with full textures applied on all bearing 
surfaces. Thereby, by designing ST(4×6) on the bearing surface of crankpin bearing at its 
mixed lubrication region, the lubrication of an engine’s crankpin bearing could be better 
than using other structures of the partial textures. However, only the structure of partial 
textures with the distribution density of (a×b = 4×6) is simulated and assessed. The 
existing research noted that the lubrication in journal bearings had been also affected by 
the distribution density of micro-textures (Nguyen et al., 2021; Zhang et al., 2022). 
Therefore, the density effect of spherical textures on the lubrication of an engine is also 
evaluated in the next section. 
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Figure 6 Influence of the different textures on the pressure of the oil film: (a) ST(4×6);  
(b) CCT(4×6); (c) CT(4×6); (d) SCT(4×6); (e) WST(4×6) and (f) full textures  
(see online version for colours) 

       
                                                (a)                                                                                             (b)    
 
 

       
                                                (c)                                                                                             (d)    
 
 

       
                                                (e)                                                                                             (f)     

Figure 7 Effect of different textures on an engine’s friction force (see online version for colours) 
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Figure 8 Maximum friction force of crankpin bearing obtained with different textures (see online 
version for colours) 

 

3.2 Distribution effect of spherical textures on bearing surface 

Three various densities of spherical textures such as ST(3×6), ST(4×6), and ST(5×6) 
have been simulated and computed for the friction and lubrication of an engine. From the 
simulation result, both the density and pressure of oil film in engine’s bearing surface 
designed by ST(3×6), ST(4×6), and ST(5×6) are plotted in Figures 9(a)–(c) and  
10(a)–(c). 

Figure 9 Distribution density of spherical textures on an engine’s bearing surface: (a) ST(3×6); 
(b) ST(4×6) and (c) ST(5×6) (see online version for colours) 

       
                                                (a)                                                                                             (b)    
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Figure 10 Effect of the density of spherical textures on the oil film pressure: (a) ST(3×6);  
(b) ST(4×6) and (c) ST(5×6) (see online version for colours) 

       
                                                (a)                                                                                             (b)    

 

 
(c)  

Figure 10(a)–(c) show that the maximum pressure of oil film in engine’s crankpin 
bearing designed by ST(3×6) and ST(5×6) is significantly reduced compared to ST(4×6). 
This implies that the lubrication of the engine’s crankpin bearing using ST(4×6) is 
improved better than ST(3×6) and ST(5×6). This result is also similar to the result in the 
research of Nguyen et al. (2021). From the simulation result of the stress and pressure of 
the oil film using various densities of spherical textures, the friction force of the engine’s 
crankpin bearing is also shown in Figure 11. 

Figure 11 Effect of the density of spherical textures on an engine’s friction force (see online 
version for colours) 

 

Figure 11 shows that the friction force of engine’s crankpin bearing is insignificantly 
changed by three different densities of the spherical textures. However, the maximum 
friction of the crankpin bearing designed by the ST(3×6) and ST(5×6) are significantly 
reduced in comparison with the ST(4×6). This means that the increase or reduction of the 
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density of spherical textures could affect the lubrication performance of an engine’s 
crankpin bearing using spherical textures. Therefore, the density of ST(4×6) should be 
applied for designing the partial textures on engine’s crankpin bearing. Besides, the 
existing research noted that the lubrication in journal bearings had been affected by 
different parameters of the depths and radios in each micro-texture (Guzek et al., 2013; 
Kim et al., 2014). However, in this study, the radius (R) and depth (htextures) of all the 
spherical textures are similar and unchanged. Therefore, the design parameters of each 
texture (i, j) of the ST(4×6) including the R(i, j) and htextures(i, j) should be also optimised 
to enhance the engine’s lubrication. This issue will be done in the next section. 

4 Optimisation of design parameters of spherical textures 

4.1 Multi-objective optimum algorithm 

The genetic algorithm was an optimal algorithm to find the minimum value or maximum 
value based on input values. A genetic algorithm was expressed as follows (Zhang et al., 
2022; Jain and Parashar, 2022): 

Search a vector of g = [g1, g2, g3,..., gn]T to optimum 

G(g) = [G1(g), G2(g), G3(g),..., Gn(g)]T (20) 

s.t. Gi(g) ≤ 0 n = 1, 2,..., N 

Hj(g) = 0 m = 1, 2,..., M 

where G(g) is the optimal objective; N and M are the number in the equality constraint 
and inequality constraint. 

In order to obtain the maximum pressure of oil film and minimum friction force of 
the crankpin bearing with the ST(4×6), the design parameters of the R(i, j) and htextures(i, j) 
of each spherical texture are then optimised via genetic algorithm. From initial 
parameters of spherical textures (R = 0.8×103 m and htextures = 5.5×10−6 m), these 
parameters are then encoded and connected to the chromosome of g = [R, htextures]T. Here 
R = [R(1,1), R(1,2), ..., R(i, j), ..., R(4,6)]T and htextures = [htextures(1,1), htextures(1,2), 
..., htextures(i, j), ..., htextures(4,6)]T, (0.2×10−3 ≤ R(i, j) ≤ 4.0×10−3 m and 0.1×10−6 ≤ htextures(i, 
j) ≤ 10×10−6 m). In order to search the maximum pressure of oil film and minimum 
friction force of engine’s crankpin bearing, two objective functions are then defined for 
the optimisation process: 

max maxmaximum { ( , )}  and  minimum { ( , )}p f fG p i j G F i j= =  (21) 

Via the computation process of the lubrication model of the engine’s crankpin bearing 
using ST(4×6) in the same Figure 4 with “Optimisation diagram”, the obtained results of 
the higher value of Gp and lower value of Gf with parameters of R(i, j) and htextures(i, j) 
indicate that values of R(i, j) and htextures(i, j) are very good. These values are then updated 
and optimised in 103 generation (g). 

4.2 Analysis of the lubrication performance of optimised spherical textures 

From the initial parameters of spherical textures and crankpin bearing provided in  
Table 1, the radius and depth of each spherical texture R(i, j) and htextures(i, j) have been 
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optimumed through the genetic algorithm described and given in the same Figure 4 with 
“Optimisation diagram”. The obtained fitness values of the maximum pressure of the oil 
film (Gp) and minimum friction force (Gf) are then saved and shown in Figure 12(a) and 
(b). Both Figure 12(a) and (b) show that the value of Gp is strongly increased from 0 to 
390 while the value of Gf is strongly reduced from 0 to 376 of the evolutionary 
generations. Both the fitness values of Gp and Gf are insignificantly changed from 908 
and 862 to the end of the generation. This means that optimal parameters of R(i, j) and 
htextures(i, j) of the spherical textures could be obtained at 908 of the generation. These 
optimal parameters are then simulated and computed the optimal thickness and optimal 
pressure of the oil film in an engine’s crankpin bearing. Both these optimal results have 
been plotted in Figure 13(a) and (b). 

Figure 12 The fitness values of the optimised spherical textures: (a) the fitness value gp and  
(b) fitness value gf (see online version for colours) 
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                                     (a)                                                                                   (b)  

Figure 13 Results of h and p of the crankpin bearing using optimised ST(4×6): (a) the thickness of 
oil film and (b) pressure of oil film (see online version for colours) 

        
                                                (a)                                                                                             (b)     

Figure 13(a) and (b) show that the pressure and thickness of oil film using optimised 
ST(4×6) are strongly increased at the centre region of the partial textures. Concurrently, 
the maximum values of the thickness and pressure of oil film are obtained at the centre 
region of the optimised ST(4×6). At the boundaries p and q of the crankpin bearing, the 
radius and depth of the optimised ST(4×6) in Figure 13(a) are smaller than that of the 
designed ST(4×6) in Figure 5(a). This means that the radios and depth at the centre 
region of spherical textures need to be ameliorated to obtain both the maximum thickness 
and maximum pressures of oil film. The result in Figure 13(b) shows that the maximum 
pressure of oil film in an engine’s crankpin bearing designed by the optimised ST(4×6) is 
obtained by 238×106 Pa and this value is increased by 3.4% and 8.0% in comparison with 
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the crankpin bearing using the designed ST(4×6) and full textures. This implies that the 
optimised ST(4×6) could improve the lubrication of the engine better than the designed 
ST(4×6) and full textures. 

From the pressure and stress of oil film computed with the optimised ST(4×6), the 
maximum friction force and friction force in an engine’s crankpin bearing using 
optimised ST(4×6) are also computed and compared in the same Figures 8 and 11. The 
result indicates that the friction force in crankpin bearing with optimised ST(4×6) is 
obviously decreased compared to all different distribution densities of the ST(3×6), 
ST(4×6), and ST(5×6) (see Figure 11). Especially, the maximum friction of the engine’s 
crankpin bearing with optimised ST(4×6) is increased by 15.34% and 25% compared to 
designed ST(4×6) and full textures (see Figure 8). This is due to the increase in the 
radius, depth, and maximum pressure of oil film at the central region of the optimised 
ST(4×6). The result is the reduction of solid asperity contacts between the bearing and 
crankpin surface at the mixed lubrication region of the crankpin bearing. Thereby, the 
crankpin bearing’s friction force is also reduced and the lubrication of the engine is 
ameliorated. 

4.3 Analysing the performance of spherical textures optimised under engine 
speeds 

When the engine is working, its load and angular speed are always changed. Therefore, 
three different loads and angular speeds of 103 rpm, 4×103 rpm, and 6×103 rpm of the 
engine in the same Figure 3 are also simulated to fully assess the performance of 
optimised ST(4×6) for reducing the friction force of an engine. Both friction and 
maximum friction forces of the engine’s crankpin bearing using optimised ST(4×6) have 
been shown in Figure 14 and provided in Table 2. 

Table 2 The maximum friction force in the engine’s crankpin bearing using with and without 
optimisation of the spherical textures 

Maximum friction force (N) 
CB’s angular speed (rpm) Designed ST Optimised ST Reduction (%) 

1×103 (rpm) 37.34 30.10 19.38 

4×103 (rpm) 51.39 45.28 11.88 

6×103 (rpm) 54.26 50.08  7.70 

Figure 14 also indicates that the friction force of the crankpin bearing using the optimised 
ST(4×6) is smaller than that of the designed ST(4×6) under the engine’s various speeds. 
Especially, the comparison results of the maximum friction force in Table 2 show that the 
maximum friction force of the crankpin bearing using the optimised ST(4×6) at 
1×103 rpm, 4×103 rpm, and 6×103 rpm is reduced by 19.38%, 11.88%, and 7.70% in 
compared to the designed ST(4×6), respectively. This result implies that under the 
different loads and speeds of an engine, both engine’s lubrication and friction are 
improved by using optimised ST(4×6), especially at the low speeds of 103 rpm and 
2×103 rpm of the engine. Thus, to reduce friction and enhance the durability of the 



   

 

   

   
 

   

   

 

   

   250 J. Zha et al.    
 

    
 

   

   
 

   

   

 

   

       
 

engine, the working speed range of the engine from 103 rpm to 2×103 rpm should be 
maintained. 

Figure 14 Friction force of engine’s crankpin bearing using the spherical textures with and 
without optimisation: (a) at 103 rpm; (b) at 4×103 rpm and (c) at 6×103 rpm of the 
engine (see online version for colours) 

       
                                   (a)                                                                                   (b) 
 

       
                                                              (c)        

5 Conclusion 

By designing and adding the partial textures on an engine’s crankpin bearing, an engine’s 
lubrication performance is significantly ameliorated compared to full textures designed 
on engine’s crankpin bearing. 

With different structures of ST(4×6), CCT(4×6), CT(4×6), SCT(4×6), and WST(4×6) 
simulated and analysed, the result of ST(4×6) better improves engine’s lubrication in 
comparison with other partial textures. Besides, the density of ST(4×6) distributed on the 
bearing surface also better improves engine’s lubrication compared to both distribution 
densities of ST(3×6) and ST(5×6). Thus, the bearing surface should be added by ST(4×6) 
for improving the lubrication in engine. 

With the radius and depth of ST(4×6) optimised, the maximum pressure of oil film 
and maximum friction force in engine’s crankpin bearing are obviously improved by 8% 
and 25% compared to full textures designed on crankpin bearing’s bearing surface. 
Therefore, in order to further ameliorate the lubrication performance as well as enhance 
the durability of the engine, the optimised ST(4×6) should be applied to the crankpin 
bearing’s bearing surface. 
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