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Analysis of Influence of Surface Texture Type on Lubrication and
Friction Reduction Performance of Friction Pair
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(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,
Kunming 650500, China
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Abstract: The current understanding of the surface weave lubrication and friction reduction mechanism is not yet complete. In order
to study the optimal working conditions for different texture types, this paper takes the piston-cylinder liner friction pair of internal
combustion engine as the research object, and uses the time-averaged Reynolds equation and periodic boundary conditions to establish
the control equation of the lubricating oil film of the plane friction pair under texture conditions. Experimental tests are combined with
flow field analysis to clarify the lubrication and friction reduction mechanism of surface homogeneous crater type microweave and
oblique groove type microweave. Further the variation law of friction factor is compared between pit-slot composite weave and
slot-slot coupling pair friction, and the optimal working conditions are clarified for each weave type from the perspective of speed and
load. It is found that the groove texture has better friction reduction effect and the friction factor is optimal when the load is 100 N.
The rotational speed has little effect on the friction factor. Pit texture and composite texture have the best antifriction effect under 80
N load, and the friction factor reaches the minimum at 350 r / min. The friction factor of the coupled groove texture is lower than that
of the monoclinic groove texture at low load-the maximum difference is 10.2%, and the rotational speed has little effect on the friction
factor. The optimal working conditions for several weave types are studied, and the selection and optimization of the weave types
under different working conditions are clarified.

Keywords: surface micro-texture; different types; lubrication and antifriction; optimal conditions; friction factor

* HEK AAFIEIEERBIIH (51766006).
Fund: Supported by National Natural Science Foundation of China(51766006).
20210907 Y FI YR, 20211130 WFIfE R



174 b EBH X W L =

2022 4F

0 HiE

HUMUZ Eh 4T 30%~ 50% 1) 5 453 S e 5l
RIEERE L, 2045 80%I1 ARl BEHEAS A S 302k
R A B R R B AR SR PV R . ML
BEVF AN I O v, AR SN AS 7 T-0] JEE
22 5 1) 7R SR T PR, LA AR . 2T
TREA R BEARAE Dy — P 2 (1) AT S IR 3 08 E 1H 48K
FE, fE AP Mgz R
R B WOz FL Ak 22 5 T R RS
BN 457 0 R B T I ok 4%t o —
RSF TEARFHES (RO S5, 5 5 B A
T O R R ) ) BE R A RE . LI TR M TE X
G . ARG S LR, & BB A
BARFRBRASERTE, AT LG 3 5
WUB A2 1 g PR 2 ek 17, i EL AT LA/
PREACR, KRG A, Bk, JFRAR
TR LR 0 A AT X P 2 0 vk B P i F T 5 L
1w R s,

HAMILTON 2545 BT 1966 47 R IR 24
FiARA R T-HE T R R M AR M R . LK, [
WA VE £ 2 # Rt ok BT T KB e Y,
SIRIPURAM F1 STEPHENS! i 5% T [« IE 15 %+
EW. =GRS K20 AR 735 B K 24
X BE R KRR B, T 5 o L R 5 P 0 AT P 4
il 1) P PR HORE FE AR ] . NAKNAO 2T 4T
UTRERUR) L DO bR (1A 2R 0 [ T (M0 SR AT T %
b, RBLEE MU 2 B R . YU gl
ST < W B T SR = 1 T S A7 A 4
BT DA ko 0 5 0 0 30 Rl P P e R B . QIU
2l713) g SIRIPURAM 253545 % A VR B FAS )
B2 TR R [ TR PR 1 i ek B P, S A ]
TR AN [ B (R 2P A T 00F 50 o MG T Ak
(I A3 7 5k . SHEN 258l . 4= 4 I 0
S = A1y T = b AN R B AL (R I e SR A T RF S
LS 15 T 191 0 LA Bt R i i K 3R
GRABON!"| R H37 4 PO 5 R B T ) — 15U
SRA, I A PR S T LA 2
RO BRSO R S RS 2R AT A 4 AT
A TR INAN AR BE FDBUR ST A A 150 wm PR BE I Af
DR THREEEfE, 50 wm B RCRAR R . B S
FFRFAN R Z B E T VR R T 4R ) 25 s 1k
BEATIFSY, R IETOR A R BR A L R S5
)V RS SUR HAT SR B R

ZR BRI, 6T AR T R T 9 2 )
ERAVAE 2 TE & NIt e NG 28 APk e b
PUHRIFIIE F Lo CReal, 7R 80 IRETTEA 2 W
It ASCER R MIGT R R iR A
A TG LA DURRE B SR D 91 RS 5 B SR AEAN
) FE S AN [F) 28 1 PR R B ME REHEAT AT 9, WA AT
A 00 AN O T R BE L EE, - 45 HEANTR] SR
TR 2R SIE B e /) PR 4 DR B3I PR 6T T ) A S T 7 9

S(EASES
1 AR ST

1.1 JU{a&RE

AL LA G J5 70 PR ) A ARG 5, A [ A R
PR 100 20 90 0 1T 45 284 Al 2 KA R A R i 2R
¥, W1 PR I AT A R 2 TE R A
TR ) o0 AT AR, WO I Y A ZRA 0 JEE
52 03 0 PR DRI P s e A, 38T BA AN ] B XAk
ZRAE - 1 PE SR AR ik Rt e ()3 Y s BE AL

(b) Chute texture

K1 e RE

Fig. 1 Sketch of microtexture

i 1a pros, WAFEAA R, WHREARA 7,
ML EAER S By L, WIS &0
iy WP 1b Fros, ARTZURIRE 04 S, KON L,



14

AT, A RIS BEAE R R T RE 1) WA 20 W 175

FERIBAR A E N a, WHRSZMEIEE N bL,, %55
HAREE 2R 1 Fios.

F1 LMEREAEKSH

Table 1 Textured surface specific parameters

Parameter Value
Specimen diameter R / mm 50
Inner ring diameter » / mm 15
Pit diameter S;/ um 400
Slot width S/ um 120
Pit spacing L,/ mm 1
Slot length L; / mm 11.78
Slot length L,/ mm 5.89
Spacing length /;/ mm 13.8
Spacing length /,/ mm 13.8
Spacing length /3/ mm 13.8
Tiltangle a/ (° ) 30
Area ratio S,/ % 7.8
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Fig. 2 Schematic diagram of oil film boundary
123 Wi

FE] P 411 2 5 5o 2 R ) e sk B PR L BT 5 3 22
53 =25 HAMILTON 251 OMi t 4k 1) [ B 25 B
2K ] LUK HE Bl F 200N 3k 217 W ek B 1 R
HIRAYAMA 25245 Bl 40Uk £ 42 A 200 7 th m LAt
WREATFTHEBY, DU AP 5% B SR /L g
(R REMR o A SC R B0 7 T AR T8 B s A 225Kk, P A
MAYH IR P s 7 53 A I 26 1] ke S vl Sk AT Ui 3
i

T 3R T A A, T LIS A AN
BISMEReRAE, A Ansys Fluent *V- &, KH ke
T G ABE TR S s ) [ (1) e o JBE O 1 1R AT R
e WOEWAAEE N 804 kg/m’, B EERE N
0.022 8 Pa-s, [k Jj-IH R A 2%i%$¢ Coupled 5572,
THELE RSk 75N T 1070, AT A A T R
(100 T3 2R G ) AR A 7Rl 2P P et ) T e e
W 1A an & 3 Fios

W 3 Prow, fEAHEERET, RHE R fHR
oy ] LA R S | (R SR A5 50K R 2k e g, (R I
RATUZE G 1R s ) 3 AT B R B R R B 34y 5 . 1
SRR AT FIR R385 o An Ak sl s, 2R
4 P R AU B0 T T 5 s v T IC A X 3 A 28
TR T B 1) 2 s )% i vy T I R R, I
(548 T AR A P P DX 3 v T il s DX, il de A1k
el DX S5l A7 /N AR X

Inlet

Moving wall /.

Rationally- /&
periodic /e

Rationally-
periodic

Outlet ': Stationary wall

~4&



176 b =B X @ L E

2022 4F

Pressure p / kPa
21.5
18.2
14.8
11.5
8.10
4.75
1.40
-1.95
—-5.30
-8.65
-12

(a) Pitted texture
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(b) Chute texture
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Fig.3 Oil film pressure distribution under different textures

BB M M 5T B SR AR R Uk N FR i3
sz AL, i 4 Fros, AEAR ROERRTE R,
BIETRIEET A (AR RAAY (AR LT R WP 8 AT 0] Z SR Ah
T RS AL LICRE ML JER 8 B 5 P ok 80 55 S A 1) B
P AR R ) RS P AN R 7114 W Rt P e 2
JINFEE T o o o) DX R S IA R, MR ARE A A E A
SERERT R, /S T AR 8] DA R 2K T B 17 5
RGP AT — ARSI C RS, I 2 2k e i ik
NN P b 7S bR (AR P 6 O N
(R i K B B A A e ot b, 1 e ) DR
% AR 4 T 00 T T SR EANTR] L A [ R TR
B, NIRRT AN 2 DR I g 0 P AR L
B, A E L, R R TIR SR A 1
M5 RV MG R R i T A — s (KBS, R 2
S AL A (P P, 30 S A A v s Bl R
U A R R R S B R B, I8 F
TR BRI 8RS TR A LR SR, W] LA 28
WA BT ARAELG I NI i, 78 il L5t
Je BB NIRRT RE AN SRR, PRI i A 22
T RS FA AT SRR S SO0 1A 52 PELA T B R SR B K
PRSI RESAFESE NS, ARSI BT e A 1) [ )
RESEOR, DRI R S Py T RS PR A 80 s 255 12 5 T
W2, Wil 3b s il BIRE oA, ANHERIR:
AR TOLAAETS , MIGT Y SR 3 0 1 0s U B 11

Jr OB SR AR AR TR AR SR ) 2 20
L Bl s R BT AR AR ) 105 R . T
B UEAN ) U AR T DR BE LR B AN, A S
B I REAI IR,  0  R A R AR L 1 20
RS R R EE AT T AT 3 M o

Pathlines
[ e —— ]
0 6.91X10? 136%10°
(a) Pitted texture (b) Chute texture

K4 ARREZUH A
Fig. 4 Flow diagram of different types of texture

2 B

2.1 iR HFRYHI &

AR TG R 7 AR AR TN T 240
K 1 P A R A

KSR LM-20 B A0 63T FR L
T . HHEAARARSH N Ik EOL K
1 064 nm, WOEDZETEH 0~20 W, [k 55 B 110 ns,
% 20~60 kHz, FADGHEEAEL 50 pm, £EJR
220 mm. P& 5a. 5b. Sc A SCRLUA BN L %
I s

(a) (b)

BIS akfrrmT

Fig. 5 Machining of specimen
FEWOCIN TR, 7RI A ¥ i P
WAL TRREVE T3, AEBOLIThRHL ERDE L)
AR SRR, BB N TSR AT SR Ot 1
AN TSR PR PR30 A A P A T4
BUPERRIL, R BES SRl R BN AT A A )

FBGHVENLAEDE 15 min J5 T4



%11

BATAT, A RIS BRI Y B P BE 1A M 70 177

h PRAE B VA R ) — Bk, RA
SEF-680 1Y 3 [f1FH R 58 46 30 TR B ASO0) n T fe 23
Faj 2 THI RO REDRS P55 1A 700 5

W 6 Fras, TG AR R 2 AU T 2 2R
(AR R THTHDRE 0 0.3~0.7 pum, HL N T et
FAEAE— L6, B AR N T f5 748 H P600 H b
AUHT B AR TS B 7RI, 75 567E 100N
[E A R, LA 600 r/ min [0 HEAT 30 min
WSS, BEE3 5 7 A 0] ISR R TR 560 I

%8 [Pitted texture

0
-10
20
=30

|

Roughness / um

1 1 1 1 1 1 1 1
120 144 168 192 216 240 264 288
Assessment length / mm
(a) Chute texture measurement parameters

15k Chute texture
0
30k

1 1 1 1 1 1 1
1.00 1.25 1.50 1.75 2.00 225 250 275  3.00
Assessment length / mm

Roughness / um
|
[

(b) Measurement parameters of pitted texture
B6 iR &

Fig. 6 Measurement of specimen
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Table 2 Experimental test conditions

Physical quantity Value of number

Load /N
Rotational speed / (r / min)

40, 60, 80, 100

350, 400, 450, 500, 550, 600
Temperature / 'C 25

Lubricating oil SLV5W-30

&3 HIBMAIERE
Table 3 Lubricating oil property

Density / Flashpoint Viscosity of 100 ‘C

Designation (g/cm?) / °C / (mm?/ s)

SLV5W-30 0.91 240 11.6
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low load single slot and coupled slot
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Fig. 15 Comparison of friction factor between

single groove and coupled groove with high load
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