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Fig.1  Non-smooth surfaces in nature: (a) clover, (b) shark skin, and (c) gecko plantar 

a 

b c 



� 8�                               ���U:!"B-_`jk
ab�cCA$%��                         �2593� 

 

 

 

 

 

 

 

 

� 2  ��!"B- 

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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[30]

��7 45�160�300 µm 3e��n`<

ST 1-1@%¦'(8 2e��Ý�ú��ú��ö;

� AISI 52100v+o<
0�%ØJ���ST-Ti6Al4V

<+,-.8�pg	�q¹	�Ý�ú��ö; 

�°��ËTUn`y 160 µm%rsè�

[31]

��7�

�Ö×t�	G�	't
�Ö×u�< ST 1-2@Ö

×@'(� Si

3

N

4

v+o<�ú�+,G�H�ØJ

' �mÖ×t�y 0.2 mm�G�y 0.125 mm�'

t
y 10�u�y 45°o�+,<<v¨+,-.T

�3mÖ×G�y 0.05 mm�u�y 45°o�+,<0

�`T)%wx�

[32]

ðñ��Ky	Öz	ª« ST 1-3

@ 3 e��'{<�|'(� Si

3

N

4

�çv+<�+

,0��H�Î^ 3eVs'(<0}� Ti6Al4V�


 �m~�0�` �m�%&µKy	ÖzVs

�� ��+,-.��'{y 200� 300 µm<ª«

Vs'(+,-. �m�%Caslaru�

[33,34]

(���

�7ª«K`y 120 µm�G�y 0.507 µm<��ª

«��(10%�20%)< ST 1-4@òª«%¦'(���

çv+o<�ú�+,G�H%ØJ' ���y 10%

<ª«%¦8ú��ö;v�+�{|��% 
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¸ '(Vs�'(9KLM8EFQR+,G

�HD(<{|���� 5 )�< 2 e��n��]

^M1+1>2N<IJbÇÈ�"G�<ÉÊ%üL�

Ti6Al4V <+,G��D(��µ'(Vs+'(d

�/��<��% 

8���C��	ØsSgG�¸QHI<�¤

<¸�A�Ti6Al4V <'(Vsb�O¡<'(Vs

ñ�È'(Vs-'((d�/��)LM��ËH�¡

�Z� Ti6Al4V��<
0��w�'(Vs<��

ú���4�08�HtÎ���d<��
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[36]

��7d���< MoS
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�/ú�d

�<��òn��(13%�23%�44%)< ST2-1@�| 
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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) 

lubricants 

COF [30] 

ST 1-2 

Mesh pattern 

grooves 

 

Ball (Si

3

N

4

)-on-disk; 

deionized water 

COF, wear loss [31] 

ST 1-3 

Line, grid and 

dot textures 

 

Dry sliding; Si

3

N

4

 Ball COF, wear loss [32] 

ST 1-4 Dent arrays 

 

Linear sliding; oil (gear box 

oil and engine oil ) lubricant; 

chrome steel ball 

COF, wear rate [33,34] 
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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 

Micro-dimple 

Burnished MoS

2

 film 

 

Pin (AISI 52100)-on- 

disk; dry friction 

COF, wear 

life 

[36] 

ST 2-2 

Dimple texture 

2-µm-thin MoS

2 

coating 

 

Dry reciprocating sliding; 

100Cr6 steel ball 

COF, 

lifetime 

[37] 

ST 2-3 

Dimple texture 

Cr-doped DLC film 

 

Pin (Cr-plated SAE 

52100)-on-disk; 

PAO oil lubricant 

COF, wear 

rate 

[38] 

ST 2-4 

FPSP micro- 

pattern MAO 

 

Ball (SAE 52100)- 

on-disk dry sliding 

Wear 

volume 

[39] 

ST 2-5 

Dimple arrays 

Hard peo coating 

MoS

2

 film 

 

Pin (GCr15 steel)- 

on-disk dry sliding 

COF, friction 

life 

[40,41] 

ST 2-6 

Dimple patterns 

Chromium interlayer 

3.3 µm thin-DLC films 

 

Ball (AISI52100)- 

on-plate dry and ionic 

liquid reciprocating 

COF, wear 

rate 

[42] 

ST 2-7 

Grid and dot micro- 

structure 

Epoxy resin SiO

2

 coating 

 

Dry reciprocating 

sliding; Si

3

N

4

 ball 

COF, wear 

rate 

[43] 

ST 2-8 

Dimple texture 

Cr interlayer 

TiAlN film of 4~5 µm 

 

Pin-on-disk (AISI 

52100) dry sliding 

Wear rate, 

sliding 

distance 

[44] 

ST 2-9 

Dimple texture 

AlCrN coating of 4± 

0.5 µm

[43]

 

 

Pin-on-disk (AISI 

52100) dry sliding 

Wear rate, 

sliding 

distance 

[45] 

S 

S 

S 

a b 

S 

S 
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'(v+ AISI 52100o<�+,
0��Î^d�<

Vs'(8Sõ
�q¹;R'^
 Ti6Al4V°U<


0���O¡nVs'(Vs���n��'(8

)q	)�Ïg��ö;�+,-.�) Ti6Al4V%

?k�v +,-.���TUn��y 23%�v 

0�����TUn��y 44%%Ripoll �

[37]

(��

7 ST2-2@���n¥¦<��n'{(40�50�60�

70 µm)< MoS

2

d�-nVs'(8��� ;<�+

,
0��ØJ'  MoS

2

d�-nVs'(�d��

7+,-.�¡wµ8�n��¢:;3v /� 

0��nVs�� d����v �� 0��n

Vs#È4�08<���&n{£(�¤8 50 µm

Ù;%?k Amanov�

[38]

v'�d�¥ Cra�¦§�

�< ST 2-3@n%¦'(8 5~50 Nq¹;<�ú�

0�xy�x7��%ØJ' �¸Q�O¡Vs'

(
�d�¥ Cra�¦§��<òn'(+,-.�

�`8Vs'(< 39%<¸�AÛf 50%~65%�Ë0

�� �) �¸Q�1�/<Vs'(%Wang�

[39]

��7ó9:]^  (fine particle shot peening�FPSP)

f9�?<ò�|'(ò¨©g  (micro-arc oxidation�

MAO) ª«d�<��Vs'( (ST 2-4)<�+,  


0�%ØJ���� "nØsv08<4����

FPSP-MAO5 � MAO10 d��d¬Z�7¸/<
 

0�% 

h7ÙAO�Vspqk�'(Vs(­"��

Hgñ�%Qin �

[40,41]

��7=²Èk®Í���ª

«��(8%�12%�20%�33%�55%)<'(Vs	�

�¯°��£±/V²©g  (plasma electrolytic 

oxidation�PEO) ª«�� MoS

2

�/��(ST 2-5)��

'�Øs<�+,
0�%ØJ���� �eK`

250 µm/«��«,�ª«Øsvú��	*�©g

d�<��ÙS*�©g�Z³�q¹´µ���

LST/PEO/MoS

2

'�Øs'^�
LST/MoS

2

°¶<)

-.0����ËVsª«��y 55%�d�¯°�

y 1.0 µmHI�+,-.T)�· 0.15%He�

[42]

(

��7Ù� Cr���'������(44%�24%�13%)

ª«�|�²��a�¦§��  (diamond-like 

carbon�DLC) �k�<��'�Øs(ST 2-6)<�+

��ú�
0�%ØJ' �� ª«¸¹§ºp»

�ª«��08/ú�¼�H�8�+��ú��ö

;�DLC-T44% '(<+,-. �
O¡Vs)ª

«��'(°)%?k��*�<½µ DLC-T24%'

(8�+o0��T)%wx�

[43]

��7²�'{y

100 µm<Öz	�%òØs�¾©¿À�'��k�

SiO

2

d�s?<'�(ST2-7)�+,
0�%ØJ'

 ��%�ÖzÁ��'(
0��WÂÃ)7

32.3%� 53.8%�+,-.ÄÏ ��.Å(R�   

�7�Ë�%+,-.
Öz�%Muthuvel �

[44,45]

   

��7²�ª«��·y 38%~42%<'(Vs�

TiAlN� AlCrNk�U?<Vs'�8 9.8~29.7 Nq

¹;�+,<
0�%ØJ' ��O¡d�'(�


�Cr�'�< ST 2-8�k�'�< ST 2-9@'�

�|Øs8�-¸Ø���âÈZ�<¸�A�0��

8)���q¹;Rm��ËÈv¢+,ù¨�Ï{

£Rm/% 

���������	
��
���

üL�'(Vs8EFwÆ���<+,G�

HD((�â7m"ÉÊ(©' 3 )�)%Sun �

[46]

8 TC11 ��'(n?7 6 e��n`  (60�180�

300 µm)�'(��(10%�25%�40%)<òVs�6

��7 500 Ç;Vs'(<0���%ØJ' �

£¤<Vsg'(Û�7QR'(<ÈÉ©�Ê�

7+,©g�<n?��dZ�7 TC11 <
0�%

�ËVsg<���
�0�`Ã)J� 50%�m

�K`�m���<ò«Øs��HZ� 500 Ç;

TC11 �� <
0�%Tang �

[47]

ðñ-¦0}(T/

q¹WÂy 15�20�25 kN)	Ì0  (400#�800#�1000#

ÍÎ)-fA  (100 Ç/10 min)<DÏ�8 TiNi ��'

(sÓ7 3 e����  (24.3�34.1�31.0 µm)  <�

Ð�®#Vs�6��7w8�ú��-
�0��

ö;0�xy%ØJ' �0R0��©g0�µ

®#Vsg�Ñ<��0�Ð6%�ËVsg'(

�
�� ./ÏÒGI��®#��y 24.3�31.0�

34.1 µm <Vs'(+,-.WÂÃ)7 13.8%�

40.5%�44.8%% 

Liang �

[48]

(ðñy�Ó�èÔZ�LM8 NiTi

��'(6>7"nòØs�ÕÖ�Ù¡¢<g�

(0.8 mm/s)»Ï%8��<Z�H(10�100�400 µJ)

�ö;�n?T@òØs8×µØ/Øs�c<LZ

;�)��%�ÙÚù<Ä×XÑ�ÛÜù<nVs�

mZ�Hy 400 µJo�z�7Ý��<"n'(%?

k�Qiao �

[49]

ðñZ��ÏH  (laser shock energy 

levels�LSEL)WÂy 3�6 � 9 J <]^BC8

Ti-45Al-2Cr-2Nb-0.2B��'(n?ÞXù<X×�m

Z�ßàHáN�o�z�7�"òª«�®#%Ë

Î^ TiAl ��<¯°��ÞXùØsâã({ä�

Z�ßàH<Ûf�Ûf�mZ�ßàH  (Laser pulse 

energy�LPE)y 9 JoûÈT/Å 0.37 µm% 
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Table 3  Surface texture on other titanium alloys 

Alloys Surface texture Annotation Ref. 

TC11 

 

a, 60 µm; b, 180 µm; 

c, 300 µm 

[46] 

TiNi 

 

 

F=25 kN, a, 2D SEM; 

b, cross-sectional profile; 

c, 3D morphologies 

[47] 

NiTi 

 

a,10 µJ; b, 100 µJ; 

c, 400 µJ 

[48] 

Ti-45Al-2Cr-2Nb-0.2B 

 

9 J [49] 

 

��������

A�É '(VsEF���+,G�H<�Æ

?Jy'(Vs	'(LM<Î	��¡�å	��

�<8+,9:;<��Z³7æç<Cèé¹�L

M.ê% 

1) �Cpq'(VsHNEF���<+,G

�H�üL����'(Vs<¸ýOPÙQnª«

@y��8ë@<ª«	Öz�¬­@Vs<¸�A�

°"�ìnù<ª«	®#nù���'(Vs�í

G���% 

2) '(Vs<{|��uÇq¹	î�	� �

+,��F.}~���<'(Vs8��<��F

.;<�������<Vs'(v¸/QR+,G

�H<EF(�)1�% 

3) '(Vs+d� /��/-H�¡�Î�'(

X/µm 

Y
/
µ
m
 

D=180 µm 

b 

c 

Lateral Distane/µm 

H
e
i
g
h
t
/
µ
m
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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. 

Key words: surface texture; titanium alloy; tribology 
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