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Elliptic Bias Parabolic Micro-texture of Sliding Bearing Surface
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ABSTRACT: Surface texture technology is to process nano micro texture with specific shape and size and special arrangement
on the moving friction surface according to people's will by mechanical processing, chemical or physical methods. In this paper,
the effect of elliptic opening bias parabolic microtexture on bearing capacity and friction and wear resistance of plain bearing
and its multi-objective parameter optimization are studied.

A four-factor and five-level orthogonal experimental table was established, and Workbench software was used to analyze
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the bearing capacity and friction coefficient of sliding bearings under different micro-texture structural parameters. The range
analysis method was used to analyze the influence of microtexture structural parameters on the bearing capacity of sliding
bearing oil film in the order of microtexture depth > long half-shaft length > offset > short half-shaft. The order of influence on
friction coefficient is as follows: long semi-axial length > micro-texture depth > offset > short semi-axial length. The optimal
microtexture parameters are 200 um long half axis of the ellipse, 110 um short half axis of the ellipse, 60 um depth and 30 pm
offset. The establishment and the optimal structure parameters of the micro texture open area ratio, the depth the same, no
circular openings of the deviation of the symmetric parabolic micro texture, by comparing the oil film bearing capacity and the
friction coefficient of the two, prove that compared with the circular opening micro texture elliptic offset class parabolic micro
texture on the bearing performance and friction performance of the sliding bearing to improve better.

The influence of micro-texture distribution parameters on the bearing performance and friction coefficient of sliding
bearings was analyzed by response surface analysis (RSM). The influence degree of distribution parameters on bearing capacity
of sliding bearing oil film is as follows: micro-texture envelope angle > micro-texture axial spacing > micro-texture starting
angle. The influence degree of friction coefficient on sliding axis is as follows: micro-texture initial angle > micro-texture axial
spacing > micro-texture envelope angle. At the same time, a mathematical model was established for the bearing performance
and friction coefficient of sliding bearing with the variation of micro-texture distribution parameters. Then, with the optimal
bearing performance and the minimum friction coefficient as the objective function, the distribution parameters of micro-texture
were optimized. After optimization processing, The optimal microtexture distribution parameters were obtained as follows:
microtexture inclusion angle 4.65°, microtexture starting angle 116.75° and microtexture axial spacing 2.79 mm.

The optimal parameters of ellipse openings will offset parabolic sliding bearing of the bearing capacity and the friction
coefficient is simulated, and its results and the prototype of smooth sliding bearing and the established model prediction were
compared, the results show that the established on the basis of micro texture distribution parameters on the micro texture predict
the bearing capacity and the friction coefficient of sliding bearing of the mathematical model with sufficient accuracy;
Compared with the prototype sliding bearing, the bearing capacity of the optimal micro-texture sliding bearing increases by
21.05%, while the friction coefficient decreases by 27.93%. In a word, the bearing performance and friction and wear resistance
of plain bearings can be greatly improved by machining elliptical bias parabolic microtexture with optimal structure and
distribution parameters.

KEY WORDS: sliding bearing; load carrying capacity; friction coefficient; elliptic bias parabolic; micro-texture; gray

correlation; response surface analysis; optimal design
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Tab.1 Main parameters of sliding bearing

Name Numerical value Name Numerical value
Inner diameter D/m 3.50x1072 Rotation speed n/(r'min”") 60
Width B/m 2.50x1072 Load F/N 1150
Shaft diameter d/m 2.50x107 Lubricating oil dynamic viscosity # (50 °C)/(Pa‘s) 1.25%x107
Eccentricity e/m 2.50x10°° Lubricating oil density p/(kg-m™) 876
Misalignment angle 6/rad 49.8 Flow state Laminar flow
Radius clearance ¢/m 5%x107°

|| Lubricant film

Minimum oil
film thickness

K1

§haft diameter

4 Maximum oil film thickness

JE AL B 7 4 4 7 1

Fig.1 Schematic diagram of prototype bearing: a) axial view; b) sectional view
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Fig.2 Nephogram of oil film pressure distribution
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Fig.5 Schematic diagram of micro-textured bearing structure: a) sectional profile; b) axial profile; c) enlarge figure
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Tab.2 Performance simulation analysis results of
micro-textured sliding bearings

aumber Am Bhm Clum D SRR ion
1 150 100 40 30 1285514 0.03522
2 150 110 45 40 1278.114 0.035 42
3 150 120 50 50 1272.473 0.03558
4 150 140 55 60 1269.669 0.035 65
5 150 150 60 75  1269.669 0.035 65
6 180 100 45 50 1250.402 0.036 20
7 180 110 50 60 1279.013 0.03539
8 180 120 55 75 1264.044 0.035 82
9 180 140 60 30 1303.414 0.03473
10 180 150 40 40 1291.228 0.03506
11 200 100 50 75 1300.036 0.034 82
12 200 110 55 30 1317.505 0.034 36
13 200 120 60 40 1307.886 0.034 61
14 200 140 40 50 1280.432 0.03536
15 200 150 45 60 1264.237 0.03581
16 220 100 55 40 1290.262 0.03509
17 220 110 60 50 1310.399 0.034 55
18 220 120 40 60 1287.716 0.03516
19 220 140 45 75 1293.421 0.035 00
20 220 150 50 30 1301.566 0.034 78
21 250 100 60 60 1314.848 0.03443
22 250 110 40 75 1308.257 0.034 60
23 250 120 45 30 1294.547 0.034 97
24 250 140 50 40 1303.630 0.03473
25 250 150 55 50 1291.183 0.035 06
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Tab.3 Range analysisresults

Parameter A B D Order Optimal solution
Ky 1275.088 1288.212 1290.629 1 300.509
K 1277.631 1 298.658 1276.144 1296.735
K3 1296.531 1287.845 1291.343 1280.978
C>4>D>B AsB,CsD,
K4 1296.673 1290.113 1286.532 1283.097
Kis 1302.493 1283.577 1303.755 1287.085
R, 27.405 15.081 27.611 19.531
K 0.035 503 0.035 142 0.035 076 0.034 809
Ky 0.035 433 0.035 090 0.035 464 0.034 911
Ky 0.034 916 0.035 152 0.035 057 0.035 340
A>C>D>B AsB4CsD
K4 0.034 912 0.034 859 0.035 188 0.035 282
K5 0.034 756 0.035 269 0.034 723 0.035 173
R, 0.000 747 0.000 410 0.000 741 0.000 531
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Fig.6 Effect curve of four factors of micro-texture on bearing capacity and friction coefficient:
a) bearing capacity effect curve; b) friction coefficient effect curve



Fs51E oM

TaeAe, SF. W ShihR I TG R i E 2 2 S AT 5Y - 137 -

x4 BEAMESEKFHFHXEKE

Tab.4 Average correlation degree of each parameter level of microtexture

A B C D
Value/um  Average relevance Value/um Average relevance Value/um Average relevance Value/um Average relevance
150 0.4190 100 0.500 9 40 0.554 6 30 0.669 0
180 0.474 7 110 0.6415 45 0.486 3 40 0.649 5
200 0.645 4 120 0.577 4 50 0.603 5 50 0.527 8
220 0.6318 140 0.598 0 55 0.568 9 60 0.478 2
250 0.605 7 150 0.558 8 60 0.663 3 75 0.5519
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Fig.7 Nephogram of pressure distribution in
micro-texture with Optimal structural parameters
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Tab.5 Test factors and levels of response surface

Level B/(°) Ba/(°) S/mm
1 0 30 1
2 30 60 2
3 60 90 3
4 90 120 4
5 120 150 5

xR 6 WMEAMDHSHETEIEIRAINEL
Tab.6 Response of micro-texture distribution
parametersto various indicators

aumber A/ B Smm O St icion
1 0 30 1 1397.24 0.028 0
2 120 30 1 1353.23 0.028 7
3 0 150 1 1427.42 0.027 8
4 120 150 1 1239.83 0.0350
5 0 30 5 1381.24 0.028 5
6 120 30 5 1337.23 0.0322
7 0 150 5 1411.42 0.028 8
8 120 150 5 1197.16 0.036 2
9 30 90 3 1329.76 0.032 8
10 90 90 3 1309.62 0.033 6
11 60 60 3 1348.18 0.030 0
12 60 120 3 1333.25 0.032°5
13 60 90 2 1 344.89 0.029 8
14 60 90 4 1325.98 0.0330
15 60 90 3 1340.78 0.030 2
16 60 90 3 1340.78 0.030 2
17 60 90 3 1340.78 0.030 2
18 60 90 3 1.340.78 0.030 2
19 60 90 3 1.340.78 0.030 2
20 60 90 3 1.340.78 0.030 2
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Tab.7 Comparison results of bearing capacity

Category Model 7 Notable item
value
Keep insignificant items  49.99 S, B>, S, B152, p>S, s?

Get rid of 8,8, A1, §3 54.69 B, B i, BoS. S

Get rid of ;.S 56.50 B, B S, B, BaS, B3, S°
Get rid of 8, 63.75 i, B2 S, B2 BaS, B3, S
Get rid of 8,° 3574 B, P oS, S
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Tab.8 Comparison result of friction coefficient

Category M\?ﬁileF Notable item
Keep insignificant items ~ 38.16 ﬁ%’ gzz’ S Bibas BiS, BoS,
1>
Get rid of 3 3570 S

HIZE 7 P X T REO RIS, 24 K45 25 10
BT, BEARLR F DR B8 AR 35 1000 49.99 34
T 63.75, HORFEZBAWE R RE TR ik 20
AR P2 8 RIA: PEESEINBORI HA 1 A 3%
Wy, BBUSHRS FAHREAK, WOEPERE A AR
5 T (R ABE RUATE Sy PR 4 RS — ok 22 30 X [ A ABE A

W IR Hr AT LA 30 1 shit R R R,y
L EAE IR Ry KT R B E D7 #Ean=X (9)
X (10) FixR,

R =1369.1356+0.116 23, +0.624 63, +

17.81S - 0.016 98,3, —0.0633,S +

0.2107,S —4.960 8x107° %, —6.6275>  (9)
R, =0.032-6.583x107° 3, —2.187x107° 3, —

1.313x107° 5 +7.43x107 3, B, +

7.5%x107° 8,5 -6.875x107° B,S +

2.639x1077 B2 +1.4583; +2.625x107* 5> (10)

LR 5340 ZHO6 B AR Ry R R, A 521 R B2 A 38
i TTHRAE KB RN R R o K AAEBOK, 1Z H=%)
HER R Hl Ry FYsZma R, =l (11) A= (12) Fios.

0 F<I

St P R (n

F

1 . .
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Tab.9 The contribution rate of each influencing factor

Contribution rate of

Evaluation index cach factor K Contrr;t)éltlon
B B S
Bearing capacity 1.9804 2.8058 2.7602  f,>S>p,

Coefficient of friction 3.133 3 3.082 6 3.1044 S,>S>p,

A 2% DR T s Al s RSO Ry 1Y BT
KRN s R A A >R R fih i) i) B> 2 R A
s 0 TR Sl AR R 45 DB R, Y BTHR R
TSR I A > TR R Bl 1 o) BE > SR R0 A

32 WEAMHHSHRALEIT

LA sl R fo(PYBORFIEEEE N EL £2(P)
/R B R R, DACAR S B9 2 I 20 1 shf R 1)
TR ga(PYFEESEINEL gs(PYIL T TZUa i SR
LIRS, LIS shilR o i S 8O A8 &, T
HARA R B AR I (13) PR

min F(P) =[fs(P)~ f,(P)]"
g,(P)>11262
2. (P)<0.0401
s P BRAT (13)

0<P <120
30< P, <150
ISP <5
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Fig.9 Target expectations under various factors
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Fig.10 Responsive surfaces of bearing capacity (a) and friction coefficient (b) under optimal parameters
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Fig.11 Nephogram of oil film pressure distribution
sliding bearing with optimal micro texture parameters
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Tab.10 Comparison of performance parameters

Non-textured

Optimal micro-texture sliding bearing

Rate of change

sliding bearing Model prediction Simulation value Relative error
Bearing capacity 11262 N 1438.67N 1363.28 N 5.144% 21.05%
Coefficient of friction 0.040 1 0.027 2 0.028 9 5.88% 27.93%
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