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Fretting Wear Behavior of Ti Alloy under Different Cycles with Surface Texture
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Abstract: In aero engines, fretting wear of titanium alloy parts is inevitable. Studies have shown that surface texture can slow down
fretting wear to a certain extent. However, the understanding of fretting wear behavior under different cycles is insufficient. The
groove surface textures in different orientations are prepared on the surface of Ti-6Al-4V alloy by laser processing and different cycles
of fretting wear tests are carried out. The results show that in the initial stage of wear, the fretting loops of samples with perpendicular
grooves are “slimmer” than the others. As wear progresses, the distribution of wear debris changes, and the fretting loops of the 3
samples are similar. As the fretting cycle increases, the entire wear process can be divided into an adhesion stage and a stable stage.
However, on samples with perpendicular grooves, the adhesion stage can be further subdivided into two stages according to whether
the adhesion area is connected into one part. According to the distribution of wear debris and the results of EDS under different cycles,
it can be found that the evolution of wear debris is the continuous grinding and oxidation of the large wear debris layer, which is
converted into small pieces of wear debris, and finally into fine particle grinding. The research results have important theoretical
significance for understanding the role of surface texture and the evolution of debris under different cycles in fretting wear behavior.
Keywords: titanium alloy; fretting wear; surface texture; wear process; laser processing; debris
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Table 1 Compositions and hardness of the tested Ti-6Al-4V alloy

Chemical composition / wt.%

Hardness
Ti Al \% Fe C N (e} H /HRC
Bal. 6.2 3.8 0.09 0.08 0.009 0.07 0.009 325

A RGO YLP-MP20 U0 TARHL (i K
I 20 W, Gl FiiE<<1.5. kol sgfE 4~200 ns.
kP EE A 1.6~1 000 kHz) HEA TR MR %
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Table 2 Test parameters of fretting wear

Applied Frequency / Load / Fretting cycles /
displacement / um Hz N 10°
1,2,5, 10, 20, 50,
40 100 40

100, 200, 500, 1 000
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Fig. 3 Fretting loops under different cycles
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(a) Friction factor curves during 10° cycles

(b) Friction factor curves during the first 10* cycles
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Fig. 4 Friction factor curves of different samples
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Fig. 7 Two stages of fretting wear of samples with parallel grooves
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Fig. 9 3 stages of fretting wear of samples with perpendicular grooves
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Fig. 10 3D morphology of the wear scars of ball after different fretting wear cycles
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Fig. 11 SEM images of debris collected from the ball and the plate samples



% 3

E0K, S RGN S A R RIS B BT 81

FE R X 31 138 L B33 X 35 P B R Ak . A
E 11b B I BOR A (B 11e) HidgER L,
A TEA IS G ARA S — AR, T2 o i TR
2N, FEH, X (XD HeRECK, i
BB X A P e (1 K ——I X——111 [X.
IV XD, ATERREE IS RSN, 240k B
TEASBURLIR IR BB S o

M AL B EEEREIGIER kG, A BERA
Sl 39.7 %, B ESE A SRl 436 % (55 3),
YL T BE N A TEA R B B AR RE T, kAT HE
—W R R, BT A TSRS
WDk, BHEE . Ak, BB 2 B IX
W2 A, TERCT BURCIRIE B BT

#=3 A, BRERTESEMWL %)

Table 3 Compositions of debris in area A and B (wt. %)

Element Ti (0] Al \Y%
A Bal. 39.7 31 2.8
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Sz, YMEh BRI e B G, TR
DI T2 b, SRR BHEREE. B
PO AR () 45 K (TTS, Tribologically transformed
structure) 2 BAR B JE 2 (1] 12) P22 it s
PAUHEAT, WAL E LA TTS EZdin F AR,
VS o3 J22 W) 5 e 1 MR, AR St /NPT B e AT
Wi BRI RIES), BRI B X b, b
WS FRORE T 25 B Z IR LA T — B il
IHpUN £

|—: TTS layer ‘

Debris layer
Base alloy

12 BUBh BRI B X R I Ak 1 3 2 4 A s e el 2

Fig. 12 Schematic diagram of the cross-section

feature of the fretting wear scar > 2

AR ORI R B R BRI LS, Wl g
HI TR IR B i 2 N TTS 23 BRI ARG s
BRI R o PRI SR SR AR DY, 2 i
JoS i T -2 ) 240 7 P Ji R (1 K B T o AR AR
Mot pawE g, N ORLIR B S A/ B il 2
(] ST IR ER AR I ROR, BATRT I DR EE A
HEs 0SS P S SR AT XA o DR, 4R

DM B R . K38, B B AT, TTS
JE A RE S 2, PEBRNEOL BT, IF HAxik
FIRE

R AR TSI, BB RIRE I BEZ A
PEAR DI MR R AT, TE R B BANELL (1
b (E 8b)o PR, — BAEAGUR AR,
JEBeResE e tHae, b EARFER s e B s, Y
AN B e JZmi e o N TTS = B, #EA
FIXANZEBE A . TR R A AE SV, AR A
AR BRI AT (B 11b) W LA
P i o A S RN PR e . Wt e v, AE
ARG SN, F1TTS JZ4e B e = bt i
LA Al BEVERLAC, BT = R M 7 e
BAke Pk, AT SV A i B IC SR IR e RS DA
BRI IRAE D

4 #Eig

FIHBOCH 2 VAR R T2, It BT AR
FAR IS EE A, WL T RIS LG -S4
A R s BE 1A T hy o E BRI

(1) VARETRI 7 m) 0k BS540 SO ) PR 6 DRI K00 4 W
SR REMA o PR T T TR i ik T T ) B o
5/, MORH R I G b ™, LR R D AR Y
5000 J& ¥ HEK

(2) B ISR 5 i) B Pt R o AR B
TEFA BN BEBAS [FIB Be b A HE A, n DAY A
PO FE T R B BEAEEE B B o

(3) JE 5 PR A ot R K B ) % g 2 31/ B
PETE , P20 40N RORL S B, AN IR AT . Ak
(it 2

TGS FT AR TS BE 5147 A th AN R F IR 3R
THZRA AR B B s A AT — e B T X

& & X M

[1] FRIDRICI V, FOUVRY S, KAPSA P. Fretting wear
behavior of a Cu-Ni-In plasma coating [J]. Surface &
Coatings Technology, 2003, 163: 429-434.

[2] Z=vpsl, SEAEAR. ADRLF ol B S S BB M]. b
5 HUBRCDMP H SAL, 1987
LI Shizhuo, DONG Xianglin. Erosive wear and fretting
wear of materials[M]. Beijing: China Machine Press, 1987.
(in Chinese)

[38] b, pahEmIM]. dbat: BlEliiRet, 2002,
ZHOU Zhongrong. Fretting wear[M]. Beijing: Science



82

2 =B X W L =

2022 4F

(4]

(5]

(6]

[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

Press, 2002. (in Chinese)

BARST, RS SNSRI AR [J].
o E R LR, 2014, 27(4): 1-11.

CAI Zhenbin, ZHU Minhao. Research and prospect on the
torsional fretting wear [J]. China Surface Engineering,
2014, 27(4): 1-11. (in Chinese)

B, KRS SAMABEHRIML Ll LECE
R AL, 2004,

ZHOU Zhongrong, ZHU Minhao. Compound fretting
wear [M]. Shanghai: Shanghai Jiao Tong University Press,
2004. (in Chinese)

ZHU M H, ZHOU Z R. On the mechanisms of various
fretting wear modes [J]. Tribology International, 2011,
44(11): 1378-1388.

JEA AR 5% Tl B B 5 s s o7 T AT 9], TR AL
WA, 2000, 11(10): 1146-1150.

ZHOU Zhongrong. On fretting wear and fretting fatigue
[J]. China Mechanical 2000, 11(10):
1146-1150. (in Chinese)

WANG J, DUAN D, XUE W, et al. Ti-6Al-4V fretting

Engineering,

wear and a quantitative indicator for fretting regime
evaluation [J]. Journal of Engineering Tribology, 2021,
235(2): 423-433.

WANG J, XUE W, GAO S, et al. System deformation
behavior of friction pair in fretting wear[J]. Journal of
Tribology-Transactions of the ASME, 2020, 142(12):
121702-1-121702-8.

ROSENKRANZ A, COSTAH L, BAYKARA M Z, et al.
Synergetic effects of surface texturing and solid lubricants
to tailor friction and wear—A review [J]. Tribology
International, 2021, 155, 106792.

MAO B, SIDDAIAH A, LIAO Y, et al. Laser surface
texturing and related techniques for enhancing tribological
performance of engineering materials: A review [J].
Journal of Manufacturing Processes, 2020, 53. 153-173.
GACHOT C, ROSENKRANZ A, HSU S M, et al. A
critical assessment of surface texturing for friction and
wear improvement [J]. Wear, 2017, 372. 21-41.

LENART A, PAWLUS P, DZIERWA A, et al. The effect
of surface texture on lubricated fretting [J]. Materials,
2020, 13(21): 1-20.

BOIDI G, GRUETZMACHER P G, KADIRIC A, et al.

Fast laser surface texturing of spherical samples to

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

improve the frictional performance of elasto-
hydrodynamic lubricated contacts [J]. Friction, 2021, 9(5):
1227-1241.

WANG J, ZHUANG W, LIANG W, et al. Inorganic
nanomaterial lubricant additives for base fluids, to improve
tribological performance: Recent developments [J]. Friction,
2022, 10: 645-676.

WU J, YU A, CHEN Q, et al. Tribological properties of
bronze surface with dimple textures fabricated by the
indentation method [J]. P | Mech Eng J-J Eng, 2020,
234(10): 1680-1694.

FUBG FRUY, A, & BOGREAM GRS
XA R TERER AT, R TR, 2017,
30(4): 71-77.

WANG Minzheng, WANG Chengbiao, KANG lJigjie, et al.
Effects of shape parameters of laser surface texture on
tribological performance of titanium alloy [J]. China
Surface Engineering 2017, 30(4): 71-77. (in Chinese)
WANG Y, LIANG G, LIU S, et al. Coupling fractal model
for fretting wear on rough contact surfaces [J]. Journal of
Tribology, 2020: 1-32.

VARENBERG M, HALPERIN G, ETSION I. Different
aspects of the role of wear debris in fretting wear [J]. Wear,
2002, 252(11-12): 902-910.

SUH M S, CHAE Y H, KIM S S, et al. Effect of
geometrical parameters in micro-grooved crosshatch
pattern under lubricated sliding friction [J]. Tribology
International, 2010, 43(8): 1508-1517.

SINGH A, PATEL D S, RAMKUMAR J, et al. Single step
laser surface texturing for enhancing contact angle and
tribological properties [J]. International Journal of
Advanced Manufacturing Technology, 2019, 100(5-8):
1253-1267.

LU W, ZHANG P, LIU X, et al. Influence of surface
topography on torsional fretting wear under flat-on-flat
contact [J]. Tribology International, 2017, 109(3): 67-72.
WANG J, XUE W, GAO S, et al. Effect of groove surface
texture on the fretting wear of Ti-6Al-4V alloy [J/OL].
Wear, 2021[2022-04-06]. https://www.sciencedirect.com/
science/article/pii/S0043164821004658?via%3Dihub. Doi:
10.1016/j.wear.2021. 204079.

ESIK, BEfE, mARE, SF BEEX TC4 BRGeiu
B BT I [ 1 OLL. JF 5% 2% 4t , 2021



% 3 EB K, S RGN R B AN R RN sl B 40T 83

[25]

[2022-04-06]. https://kns.cnki.net/kcms/detail/62.1095.04.

20211115.2029.006.html. Doi: 10.16078/j.tribology.2021194.
WANG Jianfei, XUE Weihai, GAO Siyang, et al. Effect of
debris on fretting wear behavior of Ti-6Al-4V alloy[J / OL].
Tribology, ~ 2021[2022-04-06].
detail/62.1095.04.20211115.2029.006.html. Doi:
j.tribology. 2021194. (in Chinese)

ZHOU Z R, SAUGER E, LIU J J, et al. Nucleation and

https://kns.cnki.net/kcms/
10.16078/

early growth of tribologically transformed structure (TTS)

induced by fretting [J]. Wear, 1997, 212(1): 50-58.
[26] FAYEULLE S, BLANCHARD P, VINCENT L. Fretting
behavior of titanium alloys [J]. Tribology Transactions,

1993, 36(2): 267-75.

fEZE N EOIK, 5, 1994 fEE, Wb, EEHSOTRN
PR el

E-mail: jfwangl7s@imr.ac.cn

BRI GUAEEED, U5, 1985 4EMI/E, RIBTFNL.
SRV

E-mail: whxue@imr.ac.cn

LEBTUT 1 N



