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Effects of Bionic Multi-scales Groove Textures on Surface Tribological Properties
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Abstract: Bionic texturing is to produce a specific texture type on the surface of friction pairs based on biomimetic principle,
to achieve expected surface properties. It has wide spread application prospects in mechanical friction under the harsh working
conditions. Referring to the multi-scales groove textures of the earthworm head, the groove textures with different gradients
were designed and manufactured by laser machining on the surface of ductile cast iron and gray cast iron, based on the basic
structural parameters of groove textures: depth, width and interval. The experiment was carried out on the pin-plate module of
the RTEC multi-functional friction and wear tester. The surface properties and function mechanisms were analyzed on the
aspects of friction coefficient, wear volume, surface morphology, energy loss, SEM and element distribution. The experimental
results show that the friction properties of the friction pair appear differences when the same texture is applied to different
material surfaces. Material should be considered as one of the factors in designing texture parameters. The structural parameter
of groove textures is one of the main elements that affects the wear resistance of the surface. The interval gradient groove
texture has the better surface properties than other types of multi-scales groove textures due to its excellent ability of oil film
formation, replenishment, stability and debris storage and scour.
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Fig.4 3D diagram of cast iron samples by laser processing

*1 ZREAERAMNEFILASH

Table 1 Specific geometrical parameters of multi-scale groove textures

Types of textures Depth/um (£10 pm) Width/mm (£0.1 mm) Interval/mm (0.1 mm)
Untextured, UT
Textured, T 100 1 2
Depth, D 60-80-100-100-80-60 1 2
Width, W 100 0.6-0.8-1-1-0.8-0.6 2
Interval, / 100 1 1.2-1.6-2-1.6-1.2
Depth & Width, DWW 60-80-100-100-80-60 0.6-0.8-1-1-0.8-0.6 2
Depth & Interval, DI 60-80-100-100-80-60 1 1.2-1.6-2-1.6-1.2
Width & Interval, W/ 100 0.6-0.8-1-1-0.8-0.6 1.2-1.6-2-1.6-1.2
Depth & Width & Interval, DWI 60-80-100-100-80-60 0.6-0.8-1-1-0.8-0.6 1.2-1.6-2-1.6-1.2
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Fig.7 SEM and Fe and C distribution before and after wear of ductile cast iron with interval gradient groove textures
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Fig.8 SEM and Fe and C distribution before and after wear of gray cast iron with interval gradient groove textures
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Fig.10 Fe and C distribution before and after wear of gray cast iron with interval gradient groove textures

TN C oURIGIN, ARk C i, M
BOR, HARWHEN A TRAR S PORE S, %k
T M RE AN RE U B 1R s BREB BB BUE
HAOWBERLERL, 7 A I T8 LURCIR O £, AT
IRBE R PEAR ORI T, B ) i 4 3k v
ﬁ%@2¢,ﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁ,%ﬁﬁ
IH2: 32 B BRI RISy, S EORSB AR T
JR¥EHRE) Fe, C 70 A XSRS NI, HIgRE A
g COoLR S REMES,

24 BEEMFE

B 11 Sy 22 RO VA RS RV 2R (1) BE J2 e S A A AT
RE, XA FFEHE T MRERIHFER, SN
ARG N B RE S AR B

M 11(a) O LAEH, XFERERSEEL, BR
JRAR VR 5 TR BERS B YA AE 50, 100 r/min 353 T
BT A T AR UM R T RE R B IR R A, R AIRJEE
BEAS, HAE 150, 200 r/min 5% 38 (14 BE 45 5L
wahn, EEEERABEZ M, ARG
F, RERHBFEIKIHR T REMERT; fE2ZREN
T, FUR T R B S R BE B4R D TR M
T, 20T 35%, AL R A REZIR
REA SR THHLMRCR , i H e A ) 2 RUEE VA Al
VI 7 RESAAE, RO T PR,

& 11(b) A IREEER IS e i O, Skt
BRI, Rk 1 SR 2R 2R T 4 A e v ) JEE
PR, T A 28 Y 22 RUBE V8 i 1 1 O A1 B 4 b



o1 BRI, S U7 2 R VR R X 3R T BRI R i 2 29
2000 2000
Hl 50 /min Il 50 /min
H 100 r/min Il 100 r/min
_, 1600 - B 150 r/min A _, 1600 - [ 150 r/min
= [ 200 r/min = [ 200 r/min
£ g
g 1200 g— 1200
3 E
Z 2
: g
>, 800 - >, 800
2 2
QL L
= ]
[S3] 53]
400 400
0 0

WI DWI W DI DW T

Types of multi-scales textures

D UT 1

(a) Ductile cast iron

WI DWI W DI DW T

Types of multi-scales textures

D UT 1

(b) Gray cast iron

K11 2 RUEVARE SRR R REEIAE

Fig.11 Energy loss of multi-scales groove textured surfaces

&, DWI IREREARIE B/, N 13%, [BIEEAS
TREREARIR B I, o 88%.

E 11 Fs i R FE S b SO R AE 1) 2 1 S
PAEREAILST, £ —XIIEH T, it RERES
BRAR IR BE K, ) B B Y0 A SR AT RE A5 A 5
FEARRE S BUFE, $2mPLIRECR; MU AR A)
B Ash B YA A B, 7k AR AR R TR R Sk K
PRERENRIU T AN RE R BAE, ULIIEZU 4,
S EEAMACRIIE LT, TSR T 1 A 114 B 42
PERE 0 B 28 ol bk ) 22 55 T 5 30 R A
REZEHE,  [RIBAAE T AT R YA A S U mT 7

3 & i

(1) BREBFEERNKBEERS 45 WA P 1P 22
S, 05 A 22 RO Y R SUR A AR P R T
XTI BEENERE ™ A AN R RO R2 M, DR e e
RIS SIS, BORRAE 75 25 A
HHRZ—

(2) WG REAFIETE, TR i, R
BERIAGSE PRIl AR, VARG A, Tl
R P P 25 22 52 W Y R AR ) DB RE g, T X
AEN SIS S SR B AR, AR
JEE 1A Y R 2R A A Bk s Bk 9 K s B R T
P B IR AR AL S B AR R ) i 3, TR 2R
Fa) R G5 A8 2 RO Y R AR R A 3 T P B P45 E T 114
FERHNRZ —.

(3) DA M5 Sk F ) 22 RO R Uk v, ] B
B BE VR AR T T R RO I S ik
F 55 8 PRI RE 3, PR B e A 2 T JRE 4
AE, RERSA RULER RS IR DR, e

PUBECR, a2 4t =% .
Sk

[1] DOWSON D, NEVILLE A. Bio-tribology and bio-mimetics
in the operating environment[J]. Proceedings of the Institu-
tion of Mechanical Engineers Part J-Journal of Engineering
Tribology, 2006, 220(J3): 109-123.

[2] AR, 8GEM, &R, & kR A s R s
HERE[I]. TP E 2R T, 2016, 29(1): 7-15.

MA F L, ZENG Z X, GAO Y M, et al. Research status and
progress of bionic surface drag reduction[J]. China Surface
Engineering, 2016, 29(1): 7-15 (in Chinese).

[3] XUQ,WANY,HUTS, et al. Robust self-cleaning and mi-
cromanipulation capabilities of gecko spatulate and their bio-
mimics[J]. Nature Communication, 2015(6): 8949.

[4] Hssti, SRR, Rl . Ui Uk B2 5ok it hh R AR
HOEESEPERERT T[], EEHE 242431, 2018, 38(1): 28-36.
YANG Z R, GUO Z W, YUAN C Q. Tribological properties
of water-lubricated stern bearing composites modified with
biomimetic microcapsules[J]. Tribology, 2018, 38(1): 28-36
(in Chinese).

[5] LIUC,ZHUL, BUW, et al. Superhydrophobic surfaces:
From nature to biomimetic through VOF simulation[J]. Mi-
cron, 2018, 107: 94-100.

[6] GUOZW,YUAN CAQ,LIU A X, et al. Study on tribologic-
al properties of novel biomimetic material for water-lubric-
ated stern tube bearing[J]. Wear, 2017, 376-377: 911-919.

[71 YEAAMR, Brbut, ERIL. D54 288 R MU X s B8] 22 e
BRI []. SSEEk TSR, 2014(1): 43-48.
WANG J G, CHEN S H, WANG Q J. Effect of bionic
rhombic surface texture on frictional noise of high-speed
train[J]. Journal of Traffic & Transportation Engineering,

2014(1): 43-48 (in Chinese).



30

b @3 x T T

= 2019 4

[10]

(1]

[12]

[13]

[14]

W, TR, EWgk, &5 T 0 A B LA R A S H
IRetE MBI R[] MR TR, 2018, 46(1): 133-140.
TAN N, XING Z G, WANG H D, et al. Research progress
on geometric texturing and function based on bionic
theory[J]. Journal of Materials Engineering, 2018, 46(1):
133-140 (in Chinese).

INC e, . 7 A MO B e K 6 JE B 15 75 i
RE ). AR, 2017, 38(2): 234-240.

SUN Y W, RU S F, CONG Q. Wear-life experiment of
drilling mud pump piston with dimple-shaped bionic
surface[J]. Acta Petrolei Sinica, 2017, 38(2): 234-240 (in
Chinese).

YUHY, ZHANG H C, GUO Y C, et al. Thermodynamic
analysis of shark skin texture surfaces for microchannel
flow[J]. Continuum Mechanics and Thermodynamics,
2016(28): 1361-1371.

ZHENG L, WU J J, ZHANG 8, et al. Bionic coupling of
hardness gradient to surface texture for improved anti-wear
properties[J]. Journal of Bionic Engineering, 2016, 13(3):
406-415.

BRI, B, #ERAL, 55, B BN O 85 K ThI R
PEVERERUSL IR ], BESESA244R, 2016, 36(2): 207-214.
LIJL, CHEN P, SHAO T M, et al. The effect of gourd-
shaped surface texture on tribological performance of stain-
less steel[J]. Tribology, 2016, 36(2): 207-214 (in Chinese).
HUA X J, SUN J G, ZHANG P Y, et al. Research on dis-
criminating partition laser surface micro-texturing techno-
logy of engine cylinder[J]. Tribology International, 2016, 98:
190-196.

CHENG X J,RU S F, SUN'Y W, et al. Wear performance of

[15]

[16]

[17]

[18]

[19]

bionic strip-shaped mud pump pistons[J]. Proceedings of The
Institution of Mechanical Engineers Part C-Journal of Mech-
anical Engineering Science, 2017, 231(21): 4076-4084.
AHMED A, MASJUKI H H, VARMAN M A, et al. An
overview of geometrical parameters of surface texturing for
piston/cylinder assembly and mechanical seals[J]. Meccan-
ica, 2016, 51(1): 9-23.

) FEL . e ) A 2 RO I FEL D R D7 LE B SE[D]. 35 Ak
HMRRAE, 2009.

LIU G M. Coupling bionic research on the adhesion and res-
istance reduction of the earthworm surface[D]. Jilin: Jilin
University, 2009 (in Chinese).

A, BREEER, B, S5, SOLTE w3 2 T 0 1 YA Al 2 T
L HATSE[T]. LLAN S HOGTAR, 2016, 45(2): 146-
153.

WU W, CHEN G M, ZHAO N, et al. Experimental study on
the groove surface texture processed by laser on the surface
of high-speed steel[J]. Infrared and Laser Engineering, 2016,
45(2): 146-153 (in Chinese).

FIY . Wi RS L = AN AR A S B AG I 7 iR
[D]. FA/RIE: MG /REERETR%, 2014,

LU N. The three-dimension evaluation system establishment
and detection method research of casting surface
roughness[D]. Harbin: Harbin University of Science and
Technology, 2014 (in Chinese).

WU W, CHEN G M, Fan B X, et al. Effect of groove sur-
face texture on tribological characteristics and energy con-
sumption under high temperature friction[J]. Plos One, 2016,
11(4): €0152100.



