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Optimal Texture Shape Based on Genetic Algorithm and Considering
Mass Conservation Cavitation Boundary
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Abstract: Texture shape has a significant influence on the lubrication performance of friction pairs. However, there is still a lack of
systematic research on the variation in the optimal texture shape with the operating parameters. Therefore, based on the
Jakobsson-Floberg-Olsson (JFO) cavitation boundary condition satisfying mass conservation, by solving the Reynolds equation,
combining the genetic algorithm, and considering the maximum oil film load-carrying capacity as the goal, the optimization model of
the optimal texture shape is simplified. Additionally, the load-carrying capacities of the optimal micropore and optimal texture under
different working conditions are compared and analyzed. Moreover, the variation law of the geometric parameters of the optimal
texture shape with the friction pair end-face distance, sliding speed, cavitation pressure, and other parameters are discussed. The
results show that under the working condition of the low sliding speed of friction pairs and low cavitation pressure, the load-carrying
capacities calculated via the Reynolds, Half-Sommerfeld, and JFO cavitation boundary conditions have insignificant differences. For
simple calculations under this working condition, the Reynolds or Half-Sommerfeld cavitation boundary conditions can replace the
JFO cavitation boundary conditions. However, under the working conditions of high sliding speed and high cavitation pressure, the

JFO cavitation boundary conditions, considering mass conservation, should be used instead of the Half-Sommerfeld or Reynolds
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conditions. The most commonly used microporous texture was optimized to obtain the best microporous texture under different
working conditions. Then, the load-carrying capacity of the optimal texture was compared with that of the optimal microporous
texture. Under different working conditions, the load-carrying capacity of the optimal shaped texture was better than that of the
optimal microporous texture, especially when the end-face spacing of the friction pair was small, the sliding speed was high, and the
performance improvement was more significant. The fifteen variable design models were used to optimize the texture, and the optimal
texture shape under different friction pair end-face spacings, sliding speeds, and cavitation pressures were obtained. An analysis of the
optimal texture shape shows that the optimal texture is axisymmetric under different working conditions. Therefore, the original
fourteen variables used to describe the texture shape can be calculated symmetrically and reduced to eight. When texture depth £, was
added, there were nine design variables in total. Further calculations showed that the shape of the liquid outflow side of the optimal
texture does not change with the working conditions, and only the liquid inflow side changes. Thus, the texture optimization model
can be further simplified. There are three design variables in the simplified geometric model of the optimal texture shape: two points
X, X abscissa X, X;, and texture depth /4, on the liquid inflow side. To verify the feasibility of the simplified model under different
working conditions, the load-carrying capacities of the optimal texture obtained using the models with the three, nine, and fifteen
design variables were compared. The results revealed that the load-carrying capacity of the optimal texture obtained using the models
with various design variables showed insignificant change with a maximum less than 2%, proving the feasibility of the simplified
model with the three design variables. With an increase in the distance between the end faces of the friction pairs, X first decreased
and then remained unchanged, X, gradually decreased, the corresponding optimal texture depth and area ratio increased, and the
dimensionless texture depth remained unchanged. With the increase in sliding speed, X first increased slowly and then remained
unchanged, X, gradually increased, the corresponding optimal texture depth increased, and the area ratio decreased. With an increase
in cavitation pressure, X; first increased slowly and then decreased slowly, X, gradually increased, the corresponding optimal texture
depth increased, and the area ratio decreased. The results provide theoretical guidance for the tribological design of optimal texture
shapes.

Keywords: surface texture; genetic algorithm; JFO cavitation boundary conditions; optimal shape
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Fig. 4 Optimal texture shapes contrast
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Table 1 Dimensionless design variable value and corresponding load-carrying capacity

X, L h, D AR%

X L x L, x L X L X L X I

1

Ref.[20] 0.10 0.18 038 048 066 066 075 048 0.66 066 038 048 0.10 0.18 1.63 3826 49.0
l;l;t;esr 0.09 0.17 0.40 0.46 0.69 0.63 0.73 0.50 0.68 0.64 0.38 0.49 0.09 0.17 1.67 3822 48.6
Note: )?1 ,L ++ X,, L, are the dimensionless design variables, /;g is the dimensionless texture depth, D is the dimensionless load-carrying capacity,

and AR is the area ratio.
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Table 2 Simulation parameters setting

Parameter Value
Unit cell length L / pm 500
End face spacing of friction pair /o / pm 2-6
Viscosity 7/ (mPa « s) 98.45
Cavitation pressure pe,, / kPa 20-90
Ambient pressure py/ kPa 101.325
Sliding speed u / (m/ s) 0.1-2.0
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Table 3 Values of design variables for optimal texture under different end face spacing of friction pairs
ho/ pm X, L X L, X; Ly X Ly Xs Ls Xs Le X; L hy
2 0.05 0.09 0.21 0.20 0.36 0.28 0.40 0.20 0.35 0.29 0.21 0.19 0.05 0.08 3.88
3 0.02 0.08 0.17 0.22 0.32 0.34 0.37 0.31 0.31 0.34 0.15 0.21 0.02 0.08 5.26
4 0.04 0.07 0.17 0.23 0.32 0.35 0.33 0.33 0.33 0.34 0.18 0.23 0.05 0.07 6.68
5 0.05 0.10 0.16 0.21 0.31 0.35 0.33 0.33 0.32 0.36 0.18 0.22 0.05 0.09 8.11
6 0.06 0.08 0.18 0.21 0.35 0.30 0.35 0.31 0.34 0.30 0.20 0.23 0.07 0.09 9.97
Note: A is the end face spacing of friction pair, X;, L;**-X7, L;are the design variables, A, is the texture depth.
x4 TRBEHEETHRAEZITHTETEE
Table 4 Values of design variables for optimal texture under different sliding speed
u/ (m/ S) X] L1 X2 Lz X3 L3 X4 L4 X5 L5 X6 L5 X7 L7 hg
0.1 0.05 0.09 0.20 0.23 0.34 0.32 0.37 0.25 0.34 0.32 0.19 0.25 0.05 0.09 3.33
0.5 0.05 0.08 0.20 0.20 0.36 0.28 0.40 0.21 0.36 0.25 0.20 0.23 0.04 0.08 3.82
1.0 0.04 0.07 0.20 0.22 0.37 0.23 0.37 0.26 0.36 0.26 0.20 0.21 0.05 0.08 4.46
1.5 0.04 0.07 0.21 0.21 0.38 0.25 0.40 0.20 0.36 0.30 0.20 0.19 0.04 0.07 4.84
2.0 0.05 0.09 0.20 0.12 0.37 0.27 0.38 0.22 0.35 0.30 0.20 0.12 0.07 0.10 4.99

Note: u is the sliding speed, X, L,***X7, L;are the design variables, A, is the texture depth.
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Table 5 Values of design variables for optimal texture under different cavitation pressure

Pea/ kPa X, L X, L, X L X, Ly X; Ls X L X, L, By
20 004 007 020 020 035 030 039 022 035 031 019 019 004 007 385
30 005 010 020 020 036 028 040 020 036 029 021 019  0.05 008  3.88
50 005 009 022 018 036 028 039 023 036 028 021 016 006 0010 391
70 004 008 018 015 033 033 036 028 034 032 018 014  0.05 009 441
90 006 010 017 013 035 031 035 029 037 025 020 013  0.05 009 521

Note: pc,y is the cavitation pressure, X, L*=-X7, L; are the design variables, 4, is the texture depth.

WL iR 3~5 [AEBLZ R AT AR
RI, Bt E X1 Ly Xov Lo Xav Ly 73005 X7,
L7. Xov Lo+ Xsv Ls ITALASE, WIEARRMRAEA
[l L FHEMWE 6 FroxmERkagfm, H
DL Y=L /2 J0FRE IR o Ao PRI A 138
WGGTEARIY) 14 AR & n] UFRVER.,  Afiisb
Jo 8 ASht, N RSUEREE by T, R 9 AMEEHE !
sy wE T EAG B B AS R EERE R w1 (AL EE L T8 3
TE RS T AR TR A i sk 6~8
PR o

ISR 6~8 LG TR BT I, Sl
SR T AR BV AR A A T AR AR AN B T 400 K A2 AR

AL, R 6 s IR XomXo-Xe-Xa-Xe-Xe FIT 1 BRI 2R 6 SURIBER [ FAE
RIEARAAS, A WARTA M AR, R Xa-Xo-Xr Fig. 6 Characterization of texture model

A INEAY AR Y da o
%6 TEEEEREIREEETRRAMRIK

Table 6 Optimal texture shape under different end face spacing of friction pairs

End face spacing of friction pair 4,/ pm

Optimal
texture shape
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Table 7 Optimal texture shape under different sliding speeds

Sliding speed u / (m / s)

0.1 0.5 1.0 1.5 2.0

Optimal
texture shape
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Table 8 Optimal texture shape under different cavitation pressures

Cavitation pressures pc,, / kPa

20 30

50 70 90

Optimal texture
shape
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Table 9 Comparison of load-carrying capacity of 15 variables, 9 variables and 3 variables under different working conditions

End face spacing of friction pair 4o / um Sliding speed u / (m / s) Cavitation pressures pe,, / kPa

2 3 4 5 6 0.1 0.5 1.0 1.5 2.0 20 30 50 70 90

LCC15/N 02127 0.1152 0.0749 0.0572 0.0474 0.0585 0.1795 0.3102 04436 05645 0.2165 0.2115 02059 0.1977 0.1724
LCCY9/N 02129 0.1129 0.0748 0.0578 0.0477 0.0586 0.1849 0.3129 04414 05642 0.2155 0.2129 02083 0.1987 0.1726
LCC3/N 0.2148 0.1131 0.0757 0.0578 0.0482 0.0592 0.1811 0.3129 04517 05707 0.2165 0.2148 0.2083 0.1986 0.1732
ROC/ (%) 09873 1.8229 1.0680 1.0489 1.6877 1.1965 0.8913 0.8704 1.8259 1.0983 0 1.5602 1.1656 0.4552 0.4640

Note: LCC15 is the LCC for 15 variables, LCC9 is the LCC for 9 variables, LCC3 is the LCC for 3 variables, ROC is the Rate of change.
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