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Purpose. The study of the influence of vibration load on elastohydrodynamic lubrication of textured surface by nu-
merical calculation.

Methodology. Based on the elastohydrodynamic lubrication model of the textured surface subjected to vibration and
impact load and its solution, a series of phenomena were discussed.

Findings. The research showed that the instantaneous oil film of the textured surface has a similarity of the thickness
time variance and similarity of pressure time variance in a vibration load excitation cycle. The texture in the low-pressure
region has little effect on the thickness and pressure distribution of the oil film, but the one in the high-pressure region has
an obvious influence on the thickness and pressure distribution of the oil film and its dynamic pressure effect is significant.

Originality. In the whole calculation region, the number of the pressure peaks is related to the one of the texture in the
high pressure region. The study showed that the maximum pressure and the average friction coefficient of the oil film in-
creases and the minimum film thickness decreases with the increase of the load amplitude. The maximum pressure, mini-
mum thickness and the average friction coefficient of the oil film decrease with the increase of the vibration frequency.

Practical value. Research results are of importance for the design of the texture of the surface bearing vibration load.

Keywords: vibration load, texture surface, elastohydrodynamic lubrication, maximum pressure, minimum film thick-

ness, average friction coefficient

Introduction. Elastohydrodynamic Lubrication (EHL)
displays lubrication problems under dynamic load, and
mechanical vibration would inevitably lead to lubricating
oil film dynamic response when the machine rotates at a
high speed [1—3]. Because sine function is the most basic
cycle function, the study is focused on the response of the
elastohydrodynamic oil film under dynamic load changing
in sine law. In the last decades, artificial texture has been
proved to be an effective method to improve the lubrica-
tion performance, reduce friction and wear, and improve
the bearing capacity of the friction pair [4—5].

It is significative that the research about the elastohyd-
rodynamic oil film of the surface with pitches under dyna-
mic load, especially for cyclic load, should be carried out
for engineering practice. Based on the elastohydrodynam-
ic lubrication model of the textured surface under vibra-
tion and impact load, the pressure and thickness distribu-
tion characteristics of the elastohydrodynamic lubrication
oil film were analysed. The effect of the load amplitude
and resonant frequency on the oil film pressure, minimum
thickness and average friction coefficient were discussed.

Texture surface lubrication model under vibration
load and its solution. Fundamental equation. Due to the
load and film under shock and vibration are function of
time, the Reynolds equation considering time-dependent
effects was adopted [6]
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where x is the coordinate in direction of motion, p is oil film
pressure, / is oil film thickness,  is entrainment velocity, n
and p are lubricating oil viscosity density, respectively.

The boundary conditions for equation (1) are:
p(xim t) = 0’ p(xout7 ZL) = Oap(x> t) 20 (xin <x< xout)a here Xin
is the starting point of oil film pressure domain and x,, is
the end point of oil film pressure domain.

Film thickness equation is presented as follows
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where Q) is region of all pits of the texture surface, £,(x, ¢)

is pit depth of x, and %(x, ¢) is oil film thickness of non-
texture surface, calculated as follows [6]

hy(x,0)=h +x—2—ir°m (x",0)In(x — x")?dx’
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where A, is average central oil film thickness, R is equiva-
lent curvature radius and E” is equivalent elastic modulus.
Pressure-viscosity relationship of lubricating oil is [7]

N (x,¢) = Mo exp{(Inn, +9.67)[(1+5.1x10° p(x,))% 1},

where m, is lubricating oil viscosity at ambient pressure
and Z, is viscosity-pressure coefficient [7].
Density—pressure relationship is expressed as follows [8]

p(x.) =Py [ 1+(0.6 X107 p(x.1))/(1+1.7x107 p(x.1) ],

where p, is lubricating oil density at ambient pressure.
Load equation for linear contact periodic load prob-
lems is [9]
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out

j p(x,t)dx= C, (t)wo,

where C,(¢) is load change function, for sinusoidal peri-
odic load problems, C,(t) = 1 + C,,, sin(2nf?), f is load
frequency and C, is load magnitude, C,, < 1.

Periodic equation of parameter is

Vix,t)=V(x,t+T),

where 7'is load cycle, 7= 1/f.

Numerical computation method. After equation has
been non-dimensionalized, full multigrid method [10] is
adopted to solve it for multiple working conditions by
Matlab program. Each cycle was divided into 24 instanta-
neous points, which would be solved through the 6 level
grid based on W cycle mode by Gauss-Seidel iteration re-
garding Hertz pressure as its initial pressure.

Results and discussion. Basic parameters. Working
parameters: Dimension univoltine calculation domain
Xy = —4.6, X, = 1.4. Average velocity, US =1 m - s\
Slide-roll ratio: CU = 0.25. Integrated elastic-modulus,
E’=2.21 x 1011Pa. Equivalent contact radius, R = 0.02 m.
Dimensionless material parameters, G = 5000. Ambient
viscosity, Ny = 0.08Pa - s. the Roelands viscosity-pressure
coefficient: Z = 0.68.

Sine vibration load-time curve is displayed as in Fig. 1.

The lubrication performance of oil film of the tex-
ture surface exerted the vibration load. Oil film charac-
teristics of instantaneous point applied by the vibration
load. Fig. 2 shows the distribution of oil film pressure P
and thickness H along the width X of bearing area for
W=1.0x10°N, C,,= 0.1, f= 1500 Hz, pit diameter D =
=100 um and depth A =5 um.
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Fig. 2. Oil film thickness H and pressure P distribution
along the width X of bearing zone
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According to the analysis and solution of texture sur-
face lubrication model under vibration load, it is shown
that, at r =T/4, T/2, 3T/4, T, the oil film thickness distribu-
tion curves shape is similar and pressure distribution
curves shape is similar, too. Fig. 2 shows that the texture
in the low-pressure interval (—2.6392, —1.98046) has little
effect on the film thickness and pressure distribution of the
oil film. There are three pressure peaks in the whole calcu-
lation region and the texture of the interval (-0.61954,
0.0392) is between the first pressure peak and the second
pressure peak. Obviously, the texture of the interval
(—-0.61954, 0.0392) in the high pressure has a significant
impact on the film thickness and pressure distribution. The
effect of the dynamic pressure is obvious. The oil film dy-
namic pressure that is produced due to its suction causes
the first pressure peak. Because the oil flow is suddenly
retarded, the second pressure peak is generated. The third
pressure peak located in exports area still retains the typi-
cal characteristics of elastohydrodynamic lubrication and
it is relative to the shrink oil film in Fig. 2. The number of
times the texture correlation peak pressure and high-pres-
sure area. There is a correlation between the number of
pressure peaks and the texture of the high-pressure region.

Table presents the comparison of the maximum pres-
sure, minimum film thickness and mean friction coeffi-
cient of the oil film as t=7/4 T, 7/2, 31/4, T.

Table
Oil film parameters of the sinusoidal periodic impact load
Parameters . Minimum Mean
Maximum . ..
_ Pr N Film Friction
Time essure Thickness Coefficient
T/4 5.589523e8 | 3.917707¢-7 6.1496¢-1
72 5.559116e8 | 3.922974e—7 | 5.8878e¢—1
37/4 5.525312e8 | 3.930253e—7 | 5.5842¢-1
T 5.559116e8 | 3.922974¢—7 | 5.8878e¢—1

As can be seen from Table, when ¢ = 7/2 and ¢ = T, the
vibration load, which the film subject to, is the same and the
maximum pressure, minimum thickness and average coeffi-
cient of friction is respectively equal. When ¢ = 7/4, the vi-
bration load affecting the film is maximal and the maximum
pressure, the average coefficient of friction is greater than the
one as ¢ = T/2, while the minimum thickness is maximal.
When ¢ = 37/4, vibration loads the oil film subject to is the
smallest, the maximum pressure, the average friction coeffi-
cient is the minimum and the minimum film thickness is the
greatest. As a result, the external vibration has great influ-
ence on the lubrication performances of texture surface.

Influence of load amplitude C,,, on oil film character-
istic. Keeping other parameters constant and only chang-
ing the load amplitude C,, we have studied the character-
istics of oil film of # = T/4.

From Fig. 3, it can be seen that the maximum pressure
P,.. and average friction coefficient M,, of the oil film on
texture surface increase along with the load amplitude,
and the minimum thickness H,,;, is decreased.

Influence of vibration frequency of load on the oil film
characteristic. As W=1.0x10°N, C,, = 0.6, pit diameter
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Fig. 3. Maximum pressure P,,,, average friction coeffi-
cient Mu and minimum film thickness H,;, distribu-
tion along load amplitude C,,

D =100 um and depth H = 5 um, the variation character-
istics of the maximum pressure P,,,,, minimum film thick-
ness H,,;, and average friction coefficient M, of oil film
have been studied for f'= 1500 Hz, 2000 Hz, 2500 Hz.

In Fig. 4, the solid line is time-history of the maximum
pressure P,,,., minimum thickness H,,, and average friction
coefficient M,, of the oil film of texture surface subjected to
the different frequency vibration load. By contrast, the dot-
ted line is time-history of the ones of the smooth surface
exerted by the different frequency vibration load.

Fig. 4, a shows that the maximum pressure of the tex-
ture surface oil film is greater than that of the smooth sur-
face oil film excited by different frequencies of vibration
load, but these two time-history curves appear similar, and
when subject to the same frequency vibration, the cycle of
this two time-history curves is identical. With the increase
of vibration frequency, the cycle of the time-history curve
of the oil film is decreased.

Fig. 4, b shows that the minimum thickness of the oil
film of the textured surface is less than the one of the oil
film of the smooth surface subjected to vibration loads with
different frequencies and these two time-history curves are
similar too. When subjected to the same frequency vibra-
tion, the cycle of these two time-history curves is identical
too. With the increase of the vibration frequency, the cycle
of the time-history curve of the oil film is decreased.

Fig. 4, ¢ shows that the average friction coefficient of
the textured surface is less than the one of the oil film of
the smooth surface subject to vibration load with different
frequency and these two time-history curves are similar
too. When subject to the same frequency vibration, the cy-
cle of these two time-history curves is identical too. With
the increase of the vibration frequency, the cycle of the
time-history curve of the oil film is decreased.

Discussion and conclusion. The instantaneous oil
film of the textured surface has similarity of the thickness
time-varying and similarity of pressure time-varying in a
vibration load excitation cycle. The texture in the low-
pressure interval has little effect on the thickness and pres-
sure distribution of the oil film. However, the texture in
the high pressure has more significant impact on the film
thickness and pressure distribution. The effect of the dy-
namic pressure is obvious. In the whole pressure region,
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Fig. 4. Influence of vibration frequency of load on the oil
film characteristic: a — Change of maximum pres-
sure P, with time t(x10%®); b — Change of Minimum
film thickness H, with time t(x107"); ¢ — Change of
mean friction coefficient M, with time t(x107")

there exist pressure peaks and their number is related to
the one of the texture in the high-pressure region.

In a vibration load cycle, the maximum pressure of the
oil film of the textured surface varies at different moments.
For minimum film thickness and the average friction coef-
ficient, it is the same case. It is shown that vibration load
parameters have a great influence on the EHL of the oil
film of the textured surface.

The minimum thickness of the oil film of the textured
surface is less than the one of the oil film of the smooth
surface subjected to vibration loads with different frequen-
cies and these two time-history curves are similar too. When
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subjected to the same frequency vibration, the cycle of these
two time-history curves is identical too. With the increase of
the vibration frequency, the cycle of the time-history curve
of the maximum pressure, minimum thickness and average
friction coefficient of the oil film are decreased.
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Merta. BuBunuty BIUIMB BiOpamiiHOro HaBaHTa)KEHH:I
Ha NPYXHOTIAPOJMHAMIYHY 3Ma3Ky TEKCTypOBaHOI I10-
BEpXHi 3a JIOIOMOTOI0 YHCETIBHOTO PO3PAXYHKY.

MeTtomuka. Ha ocHOBI MoJieni Mpy>KHOT1APOANHAMIY-
HO{ 3Ma3K1 TEKCTYPOBAHOI MOBEPXHI, CXUIIBHOI /10 BIUTUBY
BiOpamii if y1apHUX HaBaHTaKEeHb, Ta 11 PIIICHHS, PO3IJIs-
HYTO DS/ SIBHIL.
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PesyabraTu. JlociipkeHHST TOKa3yloTh, L0 3MiHU
TOBIIMHM ¥ THCKY B MacJsHiH IUIBII TEKCTYPOBaHOI 110-
BEpXHI B KOKCH MOMEHT 4acy 3a3HalOTh CXOXi 3MiHH B
KO)KHOMY LIMKJII BiOpariiiHoro HaBaHTaxxeHHs. B oOmacti
HU3BKOTO THCKY TEKCTypa 3MiHCHIOE He3HAUYHUI! BILTHB Ha
PO3TIONLT TOBIIIMHN MACIISTHOI TUTIBKH Ta TUCKY B Hil, ITPoO-
T€ B 00JIaCTi BUCOKOTO THCKY BOHA 3MIHCHIOE OYCBHTHIHA
BIUTMB Ha PO3IOILT TOBIIMHYU M THCKY B MACIIAHIN TUTIBII
Ta CYTT€BO BIUIMBAE HA IMHAMIYHUHN THCK.

HaykoBa HoBu3Ha. Y Bci€l po3paxyHKoOBOI oOacri,
KIJIbKICTB ITIKIB TUCKY ITOB’s13aHa 3 TX KUIbKICTIO B 00J1acTi
BUCOKOTO THCKY TeKCTypH. JlOCIi/PKEeHHS TaKoX IoKa3a-
JI0, 110, 31 30UIBIICHHSIM aMIUTITYIA HABAHTAXKCHHS, MaK-
CHUMAJIHUH THCK 1 cepesiHiil Koe(ilieHT TepTsi MaclsiHOT
TUTIBKH 3POCTAIOTh, & MiHIMaJIbHA TOBIUHA ILTIBKU 3MCH-
mryeTbesi. MakcuMabHUH THCK, MiHIMAJIbHA TOBIMHA Ta
cepenHil KOeQIIlieHT TepTsS MAcISHOI IDIIBKHA 3MEHIIY-
IOTBCS 31 301BIICHASIM YaCTOTH KOJIMBAHb.

IpakTuyHa 3HAYMMicTh. Pe3ymsraTe mOCHiKeHHS
MAarOTh BEJINKE 3HAUEHHS IS pO3POOKH TEKCTYPH ITOBEPX-
Hi, 1110 MAJAEThCSI BiOpaIitHOMy HaBaHTaXSHHIO.

KirouoBi ciioBa: siopayitine nasanmasicenist, mekcmy-
DA NOBEPXHI, NPYIHCHOLIOPOOUHAMIUHA 3MA3KA, MAKCUMATb-
HULL MUCK, MIHIMQIbHA MOBUUHA NIIGKU, CePeoHill Koei-
yieHm mepms

Heap. M3yunTts BIusHUE BUOPAIIIOHHON HArPy3KH Ha
YOPYTOTHAPOIMHAMUYIECKYIO CMa3Ky TEKCTypHUpPOBAHHOM
MTOBEPXHOCTHU C ITOMOIIBIO YHCIEHHOTO pacyeTa.

Metoauka. Ha ocHOBe MozieNid yIpyroruipoiuHaMu-
YECKOM CMa3KM TEKCTYPUPOBAaHHOW IIOBEPXHOCTH, IIOX-
BEP)KCHHOM BO3ICHCTBHIO BUOpAIMK M yIapHBIX HArpy-
30K, M €€ PEeIICHUs, PACCMOTPEH P SIBICHHUH.

Pesynbrarel. VccrnenoBanus MoKa3bIBAOT, UYTO M3MEHE-
HUS TOJIIMHBI U IaBJIE€HUS B MACIITHOM TIJIEHKE TEKCTYpPHPO-
BaHHO OBEPXHOCTH B Ka’K/IbIii MOMEHT BPEMEHHU IIpETEpIIe-
BAaFOT CXO)KHE M3MCHCHHUS B KOKIOM IMKIIC BHOPAIIMOHHOM
Harpy3ku. B o0acTi HU3KOTO TABIICHNUS TEKCTypa OKa3bIBACT
HE3HAYUTENBHOE BIIVMSHUE HA PacIipe/ieTIeHHe TOMIIMHBI Mac-
JISIHOM IUIEHKH U TaBJIEHHS B HEW, OHAKO B 00IaCTH BHICOKO-
TO JaBJICHUS OHA OKAa3hIBACT OUYEBHIIHOE BIMSHUE Ha pactpe-
JieJIeHHE TOJIIIMHBI ¥ ABICHHUS B MACISTHOM TIJICHKE M CyIIe-
CTBCHHO BIMSIET HAa TMHAMUYECKOE JaBIICHHUE.

Hayunast HoBu3Ha. Bo Bceli pacueTHO#M 001acTH, KOJH-
YECTBO IMUKOB JIABJICHUS CBSI3aHO C MX KOJIMUECTBOM B 00JIa-
CTU BBICOKOTO JaBJICHUS TeKCTyphl. MccrnenoBaHue Taxoke
MOKa3aJio, YTO, C YBENUYEHUEM aMILUIUTYAbl Harpy3Ku, Mak-
CHMAJIFHOE JIaBJICHHE U CPeHIN KO3 PUIMEHT TpeHHs Mac-
JISTHOU TUICHKH BO3PACTAIOT, & MIHUMAITLHAS TOJIIINHA TUICH-
KU yMeHbIaeTcsi. MakcuManbHOE JTaBIICHUE, MUHAMAJIbHAS
TONIIMHA U CperHuit KO3(DOUIHUESHT TPEHI MACTISTHOH TUICH-
KU YMEHBIIIAIOTCS C YBEINYCHUEM YacTOTHI KOJICOaHHI.

IIpakTHyeckas 3HAYMMOCTD. Pe3ynsTars! rccienoBa-
HUSI UMEIOT OOJIBIIIOe 3HAYEHUE JIJIsl pa3pabOTKH TEKCTYPhI
MOBEPXHOCTH, TIOIBEPraeMoii BUOPAIITMOHHON HAarpy3Ke.

KuaroueBrble ciioBa: subpayuonnas nazpysxa, mekcmy-
pa noGepXHOCMU, YNPY2o2UOPOOUHAMUYECKAs CMA3KA,
MAKCUMATIbHOE 0aBNeHUe, MUHUMATbHASL MOIWUHA NieH-
KU, CPeOHULl KOIQhPuyuerm mpeHust

Pexomenoosarno 0o nybnixayii O0okm. mexH. HayK
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