#3645 H1 2 B X @ L E Vol. 36 No. 1
202342 H CHINA SURFACE ENGINEERING Feb. 2023

doi: 10.11933/j. issn. 1007-9289. 20220502001
8 &AM A AR R A R

TWm K fF B T OBREK
QUARFHRE UL T TR2EBE 158 266590)

WE: Hiou T2 M S = R RHS 7 WA Rt 2. O TIRTHR AR« BRI BRIl K
FasE v, BRI SARE BT S M HE 3 5 2O T Sl R RGBSR PRI, T 5 S TS Rl R SO SR AT
PR o AU BRZE SR Rl AR e 1 22 48 h il BERY) Reynolds Jy REEATBUE R, S0 BIBRGHIE . =MIBEGZEE MNUE
HENFR=MEEEW, EVURAFEHES T A5 TR SRRt Gl 7RSO BEEERL D At i) DA ik
B (W R BRI e REO KISEMREATRIZE,  IFH ] BRI (O BEE R BE o2 e RE AT 2 — ARG IR T . BB M
WL RN, EATME R LG Rl AR S — G R RAT SRR /N RREE RIS, AR B e RE: =
TR 2T W I R R e e i, R T7 5 JAT 0] VAT HES IS A% X5 SR 1A R ST PR e . WFTU R S U HE
A5 208 Sl A 1 RE i O A SR A S oL b N S (IR S 5 AR T

KR RAWMEW; 1500530 WahiiR; stk BB

HESES: THILT

Effect of Compound Micro Texture Arrangement on Journal Bearing
Lubrication Performance

WANG Lili ZHANG Wei GE Xue DUAN Jingdong
(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology,
Qingdao 266590, China)

Abstract: Lubrication performance of composite micro textured surfaces has a certain extent study, however, current research on the
arrangement of various textured composite surface bearings must be further advanced. To improve bearing stability, capacity, and
reduce the friction factor, the effect of compound micro textures and its arrangement on the static and dynamic characteristics of a
hydrodynamic journal bearing system is studied numerically and experimentally, and a comparison between a single and smooth
micro texture journal bearing is conducted. The Reynolds equation, oil film thickness equation of the micro texture journal bearing,
and the disturbance pressure equation of the oil film in the journal bearing rotor system is numerically solved using the finite
difference method and Reynolds boundary condition. Aiming to produce three compound texture shapes (circular composite rectangle,
triangular composite rhombic and hexagonal composite crescent), the bearing static characteristics: oil film pressure, bearing capacity,
friction drag and end leakage, and the bearing dynamic characteristics: stiffness and damping coefficient are studied under the
conditions of four different arrangement modes (Circumferential and axial corresponding parallel, circumferential staggered parallel
and axial staggered parallel), and the friction pair tribological properties are further examined using the friction and wear tester.
Theoretical and experimental results demonstrate that the compound micro texture bearing obtains greater bearing capacity, smaller
friction factor, better dynamic performance and stability than the smooth and single micro texture journal bearings. This is because
during the process of fluid lubrication, different composite texture units interact, and the hydrodynamic effect of composite texture
units is stronger. The triangular composite rhombic micro texture is more capable of improving the dynamic and static characteristics

of the bearing, and reducing the friction coefficient of friction pairs, has a small fluctuation range and the best tribological
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performance. When the arrangement mode is circumferential corresponding parallel, the texture arrangement of the same shape is

parallel to the movement direction, which is conducive to enhancing the wedge and hydrodynamic effect of the bearing. In addition,

each micro texture in the pressure rise region ensures that the inflow of lubricating oil is larger than the outflow, which also results in

an improved hydrodynamic effect. Thus, when the arrangement mode is circumferential corresponding parallel, it effectively increases

the bearing capacity and direct stiffness coefficient, and reduces the bearing friction drag, crossing coupling stiffness coefficient and

damping coefficient. Simultaneously, the experiment proves that the friction coefficient and tribological performance of parallel

arranged friction pairs corresponding to the circumferential direction are the smallest. In summary, this study demonstrates that

investigating the effect of composite texture arrangement on bearing lubrication performance, can improve bearing capacity and

stability, reduce the bearing friction coefficient, and provide an important theoretical reference including guidance for the practical

application of compound micro textures in industry.
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Table 1 Calculation parameters of journal bearing

<SRN

BRI,

Physical quantity Numerical value

Bearing radius / mm 15
Radius clearance / pm 30
Environmental pressure / kPa 100
Axial rotational speed / (10°r » m™) 6
Lubricating oil viscosity / (MPa « s) 35
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Fig. 7 Dimensionless damping coefficient of journal bearings at different arrangements
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Table 2 Friction piece parameters

Physical quantity Upper test piece Lower test piece
Diameter / mm 6 67
Thickness / mm 10 5
Surface roughness / um 2-8 2-8
Mode of motion Reciprqcating Stationary

motion
Material 45# 45#
Texture No Yes

®3 WMF-1 2 EZEERIREHEARSH
Table 3 Technical parameters of friction and

wear testing machine of WMF-1

Physical quantity Main parameter value

Reciprocating frequency / Hz 0.1-65
Range of motion / mm 0.5-40
Maximum friction / kN 1
Loading force range / N 20-1 000

Loading range Motorized spring loading

Frequency / kW 5

TR0 K BB (1) R ~) 2 200 pm X
200 pm, PRUES TR (IS TR 5 H O SR I T
% URAR—3, #BLE 200 um X200 pm Zify, H B
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gf]ﬁﬁ*j’j 5.5 mm” /s[RI R e i 3l o

(b) Axial corresponding
parallel

(a) Circumferential
corresponding parallel

AN ’m‘
(d) Axial staggered
parallel

(c) Circumferential
staggered parallel
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Fig. 9 Enlarged view of texture friction pair surface

at different arrangements
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(b) Friction factor of triangular composite rhombus texture
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Fig. 10 Instantaneous friction factor of friction pair

at different arrangements
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