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Fig.1 Non-smooth surfaces in nature: (a) clover, (b) shark skin, and (c) gecko plantar
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Fig.2 Typical surface texture: (a) dimple, (b) groove, and (c) protrusion
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Fig.3 Application examples of surface texture: (a) skis, (b) golf, and (c) propeller skin patch
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Fig.4 Friction reducing/wear resist mechanism of texture surface: (a) storing lubricants and (b) capturing wear debris
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Table 1 Single surface texture on Ti6Al4V alloy

Surface textures (ST) on Ti6Al4V

Wear condition Properties Ref.

ST 1-1 Dimple texture =

Pin (AISI 52100)-on-disk;
poly-alphaolefin (PAO) COF [30]
lubricants

ST 1-2 Mesh pattern
grooves

Ball (Si3N4)-on-disk;

L COF, wear loss  [31]
deionized water

ST 13 Line, grid and
dot textures

Dry sliding; Si3N4 Ball COF, wear loss  [32]

ST 1-4  Dent arrays

Linear sliding; oil (gear box
oil and engine oil ) lubricant; COF, wear rate [33,34]
chrome steel ball
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Fig.5 Schematic diagrams of complex treatment: (a) surface texturing+surface coating/film and (b) surface coating/film+surface texturing
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Table 2 Surface texture-surface coating/film system on Ti6Al4V alloy

Systems of ST Wear conditions Properties Ref.
ST 2-1 Mlcro-dlmple Pin '(AISI 521.00.)-0n- COF., wear 36]
Burnished MoS, film disk; dry friction life
ST 2-2 Dirr'lple texture . Dry reciprocating sliding; 'CO.F, [37]
2-um-thin MoS, coating 100Cr6 steel ball lifetime
56 B 6O 6 Pin (Cr-plated SAE
Dimple texture o O o, in (Cr-plate . COF, wear
ST 2-3 O~ 52100)-on-disk; [38]
Cr-doped DLC film ; . rate
PAO oil lubricant
ST 2-4 FPSP micro- Ball .(SAE 52%0‘0)- Wear 39]
pattern MAO on-disk dry sliding volume
Dimple arrays . L
. Pin (GCr15 steel)- COF, friction
ST 2-5 Hard peo coating . L . [40,41]
on-disk dry sliding life
MoS, film
Dimple patterns Ball (AISI52100)-
. . L COF, wear
ST 2-6  Chromium interlayer on-plate dry and ionic . [42]
r
3.3 pm thin-DLC films liquid reciprocating ae
Grid and dot micro- D . i COF
ry reciprocatin , wear
ST 2-7 structure . y p' 8 [43]
L . sliding; Si3Ny ball rate
Epoxy resin SiO, coating
DimPle texture Pin-on-disk (AISI Wez.lr .rate,
ST 2-8 Cr interlayer 52100) drv slidi sliding [44]
TiAIN film of 4~5 pm ) dry sliding distance
Dimple texture Wear rate,
Pin-on-disk (AISI
ST 2-9  AICrN coating of 4+ 52“110(2)1; dls i'd' sliding [45]
ry slidin,
0.5 pm™* vs & distance
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F AN EE ATST 52100 INF (1) F BRSOV A 1)
SR 2 1 A5 AR Ber T AR BLEL Ti6A14V B A1
iR Bk, i SR FL R 3 THT SR LA i L B SR TH A
H . RIS N, BEERECA KT Ti6Al4V.
UeAh, TR RBON F, LA 23%, X T
PR3 7 i T 5 AR AL FE N 44%. Ripoll 2P A 5%
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P W AR T 5 FE R A 25 K [ S R T - Wang 2507
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n T T e ) ik 1 22 26 1Tk ALK (micro-are oxidation,
MAO) Fig 8 ¥ J7 1) 52 & 2R 3 10 (ST 2-4) 1)+ B 2
M B 1 o S5 R oR, BT 2 LS Rn) B I A SR AE
FPSP-MAOS5 1 MAO10 ¥ )z 5 25 s 88 & 7 344 1y fiif
P o

BT UL BRI T A, RIS R £ 2 T
BEALEE . Qin ZEUOMEF ST P B AMEK UK R AN [ ]
B FE (8%, 12%, 20%, 33%, 55%)EMLUH . AN
) FH R JE 45 B 1 A HL i %04k (plasma  electrolytic
oxidation, PEO) [ & JZ F1 MoS, [f /& # (ST 2-5) 2 &
RZEERI T R B . S5 R EOR, BT XM ER
250 wm KHURI /NI A U350 25 46 0 v o il o s AR Ak
TR 2 WA it DL B 5 A0 2 Bt v 28 e S REVE S
LST/PEO/MoS, % Jz 45 4 Bl H Lk LST/MoS, ¥ K ik
REES T, HUMGUE BE R 55% 5 1 2Rk R
1.0 pm VURC, JEEEREEAK, £ 0.15, He b
WESL T LA Cr J2VEH ] 2, AN [R) %5 % (44%, 24%, 13%)
Mg B R AE N 2 R 4 W f 3 B (diamond-like
carbon, DLC) {E4ME M E GRZEHI(ST 2-6) 1T FE
RO i . SRR, T MBS A SR
T 0 A7 i B T A W S e, AE T R R i I 4 A
I, DLC-T44% < [f [ BE 45 2R H00 W bL i — ZURg (IR 1]
USRI A . b Ak, AR ) 4R DLC-T24%%K
T 7E T BE I B RUR B ik o TV SIS T P 2 )
100 pm EIRIAS « RERETREE R, BR SR I v i) 2 AR 2
Si0, ¥ 2 M I 28 2 (ST2-7) T BEHE i s vk . &5 R %

BH o BRI 9 A B B 7K 3R T L B 0 4 il PR AR T
32.3% M1 53.8%, JEEYE Z BN B M LN E AR AR A Dk
INT, HL SR R R AL RO /N . Muthuvel 25 1444)
WG T N JE M T LA A 38%~42% I 3L 1 24,
TiAIN Fl AICTN 4M 2 RS R JZAE 9.8~29.7 N #
B T EEEER T VE . AR, 532 R
e, Cr )2 ST 2-8 M) 2 ST 2-9 B K2
Pl 22 &5 R A0 8- 5 45 5 i S 1 B i I 6 At B, BB R
TEFTA I EAT N AR N, H BIAS e BEHOIR A W B BE
RPN

2 HEHASHREAMLTFR

HOAT, 321023 7F 05035 JL 8 Bk A 4 1 B 58 2% 1tk
BEF T IRAG T Z Ry 3 FiR). Sun &R0
£ TC1l A&RMIEK T 6 M ARLEE (60, 180,
300 pum) A2 T %5 FE(10%, 25%, 40%)KLH, Jf
WEFET 500 C N R H ) BRI . 45 R LW,
FI I P 2K Ak 2 T 3 5 T OREORE SR 1 IR, Rk
TEEEESA AT i, W E R T TCL R B 1 .
ARG &S, B EREE 50%, &8
/N LA VR v B R B A S5 A A T e 500 C R
TCI1 &4 (R BE 1 . Tang 251708 i 2 51 6 IR (B K
AT BN 15, 20, 25 KN). 4T % (400#, 800#, 10004
W 40)- ik (100 °C/10 min)f¥) 777k, 7€ TiNi & 4%
A3 T 3 BRI SR (24.3, 34.1, 31.0 um) 1 H
WS RR, IR T A v A - O 0 4%
PERBESAT R A5 AT, B R B 40URT AR AL B R
S SR A TR ) R B INLE . ORI
FHLG, BT AR S ) 2% 30V, Yk BE O 24.3, 31.0,
34.1 um UK T BEHE RO I BEAR T 13.8%,
40.5%, 44.8%.

Liang %58 5d i 28 X f §i € A0 OB EORAE NiTi
GRS T 2 LG, R AL — e I A
(0.8 mm/s)# ). fEAFEMIBOCHE(10, 100, 400 W)
FATN TR BY ik 45 R TE DR s 45 40 AN A% [ i 42
N FTANE AP R R I SRR R A R AL
MWOLEEN 400 W B, PEAET MM 2 LR . b
4, Qiao 5ME I Wit 9% 3 i (laser shock energy
levels, LSEL)Zr %4 3, 6 Al 9 J [R5, Ab B4
Ti-45A1-2Cr-2Nb-0.2B & 43 [ JE 45 10 IR AR 80, 4
WOLRKP G208 =, A T2 RMmyTAnT R, H
RI TIAL B FRORE R 55 0 54 R 45 46 7 i T AR B A
WOtk Be r 38 i3 n, 4¥O0E kb A8 (Laser pulse
energy, LPE)A 9 J ik 2| & KMH 0.37 pm.
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Table 3 Surface texture on other titanium alloys

Alloys Surface texture Annotation Ref.
TC11 a, 60 pm; b, 180 pm; [46]

c, 300 um

b
O o0 e T o0 o 30 F=25kN, a, 2D SEM;
TiNi Lateral Distane/um b, cross-sectional profile; [47]
¢, 3D morphologies

NiTi a,10 wJ; b, 100 pJ; (48]

c, 400 pJ

E 3 10 pm

Ti-45A1-2Cr-2Nb-0.2B 91] [49]

& Composite-like microstructure

ek T

3 & iE

R ST AR SR R B < R A MERE I A 2
JRAR N R AN R HA K A A b Wk
SRR T O0R BN 320 T R 5 B iR i T A4
AR -

1) A BB UM BE S 50 AR 1 B R R o
PERE, HAT, BRE BRI SV A e DU B U A

EiCh,JE SRR CER S I LI B AN LR F o PAT . RS20 B T e
2 RREARII M ST i AR A2 2R 1 2K A A
1IN

2) RPN AE ] & 2 8ar . PR fieifn 55
JESERE S B, AR R I A AEA F 1K 2
BOP ARSI, AN TR 0 SR 3R TS 3 A e R 5 o
P BE K 8 B A BT 22 5

3) RS+ 2 8 A 2R BERE b R R i
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Research Progress on Surface Texture for Improving
Tribological Properties of Titanium Alloys

Lin Naiming, Xie Ruizhen, Zou Jiaojuan, Wang Zhenxia, Ma Yong, Wang Zhihua, Tang Bin

(Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Inspired by non-smooth surfaces in nature, surface texture which can play positive roles in tribology such as capturing debris,

storing lubricant and reducing the contact area during service has been regarded as an effective approach to improve the tribological

behaviors of materials. Some beneficial results in enhancing tribological properties of titanium alloys have been obtained. This review was

focused on the studies of design and processing of surface texture, mechanisms of friction reduction and wear-resistance, duplex treatments

with surface technology applied on titanium alloys. Research progress on surface texture for improving tribological properties of titanium

alloys was summarized. The prospect of surface texture related research ideas and methods of titanium alloys were suggested.
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