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Fretting wear characteristics of fixed joint surface under thermal and
mechanical coupling
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Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: In order to consider the effect of temperature rise on the accuracy of fretting wear
prediction in actual working conditions, the energy dissipation wear model was modified by introducing a
temperature-dependent wear coefficient. And the UMESHMOTION subroutine was compiled, while the
temperature-displacement coupled finite element model of fretting wear was established based on the
cylinder/plane fretting test. The model considered the interaction between temperature, stress and wear, as
well as the effect of temperature on the coefficient of friction. The plausibility of the model was verified by
comparison with the Archard model. The effects of material plasticity, temperature and number of fretting
cycles on the wear and temperature rise of the contact surface were explored. Simulation experiments
showed that the wear depth of the modified energy model was slightly smaller than that of the Archard
model, and the gap between the two models increased with the temperature rise. The wear depth without
considering plasticity and temperature was relatively small. The wear profile taking into account the
plasticity of the material was no longer of a smooth Hertz shape. As the number of cycles increased, the
temperature of the contact surface increased and the horizontal position of the temperature rise peak moved

with the cylindrical specimen. Meanwhile, the growth rate of the wear depth decreased due to the increase
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in temperature. The depth difference between the abrupt change point of the wear profile and the wear

center was getting smaller and smaller.

Keywords: fretting wear; plasticity; temperature; number of cycles;

energy dissipation wear model
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Fig. 1 Fitting situation of energy wear factor

1.2 HEEKR AR

AT B A R h, A R ) R R =
Z IR LA B AR ARG L &R . 1E ABAQUS
A BRITH A, ST s S R - AR A
FROTALRL, SR )5, i A P 7 #2F UMESHMO-
TION BH& 1E /) g s A AU 5| A SR - A & A
FRIC /A, SEBl 7 34 I 7 S 30 AR 5 43 BT
-7 P AR 5 100 Tl 2l S i S { A L it A 4 2
FR, AL BRI

1) 7€ ABAQUS 4 rh e 57 L EE - A 1Y
A PR ICAERY I B AR SEL A HE 5 EE A DG
JEE 45 DR BURT A B 2 880, 3 | sl 16 BR R BL(N)
FIPAEE IR B2 24, A A BB B INP S i

2) KA INP ST, 20 HCHE fioh DX 3875 8 A AH O
TR BRI AR L T AN AR bR L BN ) R X



1808 it = 3 J1 %k %38 %
Frih
TEABAQUS HH vy il 5 -
" PEAARE 1A BRTTAi
- - FEARINP S
WEVESHL )
AP ) e
BRHIREHE H B HORT AR
de&ﬁjﬁjﬁ%ﬁ\ﬁ]\’y *%INPX#{: (E?E{EB%'Z\ Wj])
SRR HECH 15 B
[
Y v A T R T
IR ©0)1H 5 i ]| EIND L
A Y UMESHMOTION T2 F¢ ’
B R BK (D) MRENPRV RN x
v I
M5 T O A IRIB SIS
R 24 5 P A5 BRI | | 38 N A% B AR T
TRT WA AR
2 BUERLR AR A
Fig.2 Flow chart of numerical simulation
WA Fa29, 77 TP 3 % 9 A R R R B2,

3) & T B IE Rk E B 4% 5 UMESHMO-
TION &5 7 A2 1, Joi i 3 (9) AR5 i 79 4 i
¢ A 0E  HHT R N Y A AL A R R R AL KL (1),

THAR I 20 (4) TR i

4) A5 = FT Sl Sl O B0 25 SR R A T R

THRZ IR SR 0 4

5) MR TR UCHE B 00 B AR 25 1 A
PR T R AR, AR U AR S B R TR, B

B INP S,

6) AR T A 0 A B EDRH R AR L R

J15EAE R, BRI R ALK

7) GEAT BRI B n, RN n AR E Y 2
JER R I IE %

8) I W I 3 1 P5 UKL n 2 75 35 B H ARG 26
UBUN; A RIKF, PR 45 2R 0 I, 3R 2R 4T A0 3%
2)~ K 6); Ak E, FIMTL RN, i HAs

2 ABRTHEE

BT 25 2R G HR R TS T S 2K AR 1 [
S5 5 T, T RSl 9 57 1K 56 #1941 T fiph 45

[ 3(a) ALY B bl o B A, R S S T
AR B A B 2B AR R=6 mm, TR fF 7 1 iy K
FTEEE 4350 12 mm A1 6 mm. 78 WA 205 5 18,

R T U A B - R AR A A9 1 TR AR R OT

(CPEAT) . Jg 1 A4t 217" = iy g 7 4 rp R 5 31

SERAR , A0 3 fik DA B T RS 10 e B 248 1)

e, T2 25 4 finh X Sui 1) TR0 % ot o 5 %) 484 o T 32
wWikg e, wE 3(b) s,

A as RGP AFAER S | e e i &2 A 3
W42 fih i T F) 422 g SO 7 93 A1, T RS
[RGEE SIS €] Sl B P uR S S C

o, R

PEBh TOUH5E o ARAR 28 A9 IR0 B A - T i F

T A FprCs o A A JE T 5 4 I8 R (BR ]

T x Fy J7 1) B RS S RTBERS ) o 1B A 5 - Tl 2 1]
02 ok SR P 2 SRR S0 - T B9 THU T A2 S
M, R A [T 38 0 3 i e SO 3R .

C BRI R B T . R (6) Y
BN BBAU RS T S R AT O o BESRAR B BE 42

VR BRI A 7 A R R T 2 P B [
IPE AR PF o RIS, BE 45 A Y P 5 1k



5 8 3 AR POIMA TR I E S A T A ROl R R 1809

LIRS
(b)

B b F
/\/WZ%WSA
o T\ 2
PEARELN=500
(©)

P 3 k- T A FROTARE R

Fig. 3 Finite element model of cylinder-flat contact

JEE 48 ) 2% L T L O B R 1 R YR K
WA R R R R E N 25 °C, 7E WS B b T b e
BT F AL R K 5 W/ (mC) B PR T R
AP, B R AR BN a=8.7x 107,
HEAE R F (A RHE Ti-6A1-4V, HAti bk 2%
HF 2% 1, FerhyRoRTAMA HE, VT IR
5 4 B VR AR AR A 3R AN 3R 2 R P,

£ 1 Ti-6AI4V #HISH
Table 1 Material parameters for Ti-6A1-4V"*!

Ey EJ oy oy

/C
MPa  (MPa/C) MPa (MPwcC) ¥

114 582 -97.6 9273 —0.908 0.34 25

R 2 Ti-6Al-4V BERETHAIRHER™
Table2 Temperature-dependent physical properties
of Ti-6A1-4V"™

TRE/C #LE'FE/ 2% R
(W/(m-°C)) (J/(kgC)) (kg/m®)

25 7 546 4420
100 7.45 562 4406
200 8.75 584 4395
300 10.15 606 4381

D5 FL S 1 B R 2 P AS A B B A
Tt 2B R w1 G A A B A e R 2y
TR - RS M5 0 M A o B 0 A 28 4 I AE
B A 34 B9 TOUIET, PR 0GR FH 22 i 20 R (MPC) R it
JmzAs . MPC i i (B R P i B 2
5 5 B H Bk 2 RO (b ST B9 F R
A FROCAE Y 9 n B A 3 () s

TEE 3(c) H, BEAR AR N 23 BT 20, A A bR R 2
fifo O~13HT 8 R 153020, 1~2 BRS TR -
PR G5t 20, WA 408 20 A I a5 R R 1
TEATE 0~ 1 b, o B A S 04 T 1o vp 5 2 2% 485
Tt I T 9 e S e F LR ST A il . FAE S A
1 S5k B B RAA 185 N, 7E 42 1~2
(RFERAS . FEHTH 1~2 [R5t n
T =M MIE D AL AT S DL AR .
SR AE K /N R 25 um, #E 53 BT 26 1~ 2 i 3%
500 ¥X .

R T B R PR OCH AL, A BR TR T 5 2%
PRV AT RS G Hz fil Ty AT LR, AnTED 4(a) T
o ATLAKR B, ik m AT F ol 185 N B A R T
SEER MBS TR AR — 3 7R X S0 2 A B
TCLE B R 2% SR ATT AT TN B O 22, 3302 R A%
RAF51E M. SR 5 RE S B RIRT Archard A5 74 B0
43590 g FH T 57 B A R G AR AY ) 3 A 6 EE
BT (1 235 SRR 1 B 5 1A 1 1) A A P, an 5] 4(Db)
B o MR 4(b) Hral LAE 3], % 5 J6 5 i i
A ST 4 B VR B 5 Archard 575U fr BB 451 I
AR, L RE 12t A5 70 1 8 53 VR BE O /N — A, X2 A
A Archard B 7 N BE 27 & 25 L BE X BE 48 DR B 1)
S, R T v R A DR R )N, T LA RE B A R Y
FEA R BE T /DN o IR BE B S AL A R AT Ok
PR It 7 A 75 2 1] 14 2 B -t Bt 47 B U 250 %) 184 T
R o TSR e BRI, 25 L R i ) S 4
TR BE LU AN BT B A B R R, R it DR I
T 2 S EUB BRI



1810 o= 3 % %38 E
ool bR 500} i ]
* BRI JUVN -A- NS ME
1000 200l AX |
< <
S s00t S
2 = 300f
6007 i
= = 200
# 400t e y
200 100
0 ' s ' (Y YOO J . Reesess
=03 =02 -01 0 01 02 03 04 —03 -02 -0.1 0 0.1 02 03 04
F il 5 B /mm il 58 B /mm
(a) i BRTOAR IR 5 AR % e BT i A B2 i g LS (F=185 N) (a) $Efl & 15040
-4 Archard $%4 (N=50) === Archard B% (N=20) 0 o o
—o-fE A (N=50) —RE BRI (N=20)
—=-HEREBUE CRIE1E) (V=50) Ll
g
3 ot
1
B 3t
£
_4_ N 4
2 R
- R BB

-03 -02 -0.1 0 0.1 0.2 0.3
BER T /mm

(b) BERAFAY 5 Archard 1 1) 25 5L HL A%

Kl 4 AHERICETAIEIIE
Fig. 4 Validation of the finite element model

3 WiRE5SHh

3.1 HHRMEEMEE R AL E A FERR BN

R TR G RSE AR B R 1 5, K
JEIAE AR I S R T T X . B 5(a)
RIS LB N 25 °C L 500 YR IS S AE 0 JE P R 0
B3 Ml & 7 4340 o v LLE B, GLsh B S B 42 il
FE 153 A0 AN P S B0 B 2% T AR 4 kR T A
KAH FZAE P AER b0, 76 x=0.15 mm 2245 Y
el ) BT I S AR e, R T
PRI SR . — 5 T B o AR R A T YA IE
SN B N 5 — 5 T R R R A R
ol Bl A R R AR T ARk, BB, R
B 2 i R 7 A 2 ik o O DX S (B /), (H D434
JLE O SE o T I I A R A A S R B
fid T AR R, BT DAAE A [R] B 3k ) 8 far T, 42 il
JIE s

T 42 i R T ) MR A, 2 ik L ART R R
KA T2, Bl 5(b) 2% B IR YE 52 8 AR

75 1 1 1 1 1 1
-04 -03 -02 -0.1 0 0.1 02 03 04
& 58 /mm
(b) EHBIRBE 3 A1
LS BPASHIB A X i T RIS 5L TR 11 5 1)
Fig. 5 Effect of material plastic properties on contact

pressure and wear depth

T A2 ik 2 T A B R BE A0 A . NI E] LLA F,
AN SRR IE M 1 AL A S 2 R G bR %% TR
AR o T 25 RERA R B0 e ) B 0L 5 B AN OG A =
0.15 mm 7247 A T 5848 o 3X F 20 A Rl A
P43 51 x 1EJ7 1 20, 78 x=0.15 mm 2245 & 4=
TIRYEARIE, RN J)RA . Ak, IR R Y
FEADTIR FE RN 9 B R . I PR R B PR R 5 R4
fih 3 Bl %) 728 R, S SO O A B, o ) Y
/N2 TN S 5 | R G B, ol A5 s 458 fm R 2
JE A B TR

Kl 6(a) Ry 205 — A 53 Br 28 25 A P R 422 fi 3R
A AR BE 3 A o NI TR el DUE H, A5 B PR
T BEAE R il b O B B ey o kR R o VAR I 2
THFE— & MR . DRIk ] L& B R 1) e
R AE 2 fl b ZE 0 o 3302 PRI Ay it o %) 457 A% 288 i
WG J5 1l 1a) A, FE AR S AE B0 0 % 1k i 20 i, 58 A
T A2 fl o ZE 0 ) A7 iz Bl el B v g, B
T B 28 b B ZI A A0 DX a8 488 A A HiE Rk
P I) 46, S 0T X8l PN 422 i 1 L R R AR
ST VAL e ey AE B o 2200



5 8 3 AR POIMA TR I E S A T A ROl R R 1811

P 6(b) Jg 12 fih o0 Y G AR RO HR T D A o R
PRl DL, Wk 155 B0 B4 3t A2 A AR DL, B R
TGP YR I, 03 R A e JBE S I T
X TSGR I At EE 4 AR PO W iR AT 2L
TR B R ET R — D BREE rb0
A B RE A AT W A el o R DR AR T sl
Sk B, O A A AT U B T i
P fuhmi Ty, BEAE AL I 280 i TR

18.0 —_—
—o- LRI
175 A N IR

w 17.0}
uz}

16.5}
3

16.0 .

-04 -03 -02 -0.1 0 0.1 02 03 04
Hefuh 5L imm
(a) WM

- R A
A NH S RYAYE
01.0 1.2 1.4 1.6 1.8 2.0
A ] /s

(b) TR AL AL

6 5 BT BRI A

Fig. 6 Temperature distribution when considering plasticity

3.2 R EEX AR E 1 A0 R R E RS

(R M, R 2% D FEE 5 AN 25 R 2 A 45 2R
308 ok 23 B ik J3E 08 JE 451 TR 52 ) o 1] 7 ()
75 SEAARHIBE T W1 0 B4 filh I 70 A 4 L
Bl Bl LU B, PR B0 T 12 fil 15 1 69 53
Aii Be FAHAL, e A Al 0 o7 B AR ] o kA>3
GV I 1R T R A5 e B AR ALY, o T
S PR A 1) T2 M R R A R TS R R
SR, A AR WL S AN 2% S iR JEE 1) 422 fih s 3 {ELA
R i, AN G JEE (0 2 A 1 T A Y5 LR /N —
Mo 3 — BRSO AE TR B R T BE SR

LB A0 A P, R AT ) B AN T, 2% L E )
JEA R R

P 7(b) S 75 B JBE 55 A 2 Rt JEE T 4 i R
T B4 B A0 TR E 0 A o NI FR mT LA 31, 45 4 fph
T35 —2, IR LR A AR LR BE A e . 5
it JBE ) A0 A R R 454 5 JBE R LA 25 R FE Y
R, R TR IE o IR DA P A o A e 2R
A AR A A, 5 A 2 THT 43 FEE TR, L EE
Thves 2 0 B4 DN RO/ | 40 AR O O, 5 B
PRI ] UL, R Tk 2R IR R R
U BE T ek B R A e SR . PR, 7SR BR T
R, n] RE G g/ SRR AR s P I
o B v L JEE A

500 | - iR
-o-REEIR

400 | t

[+

ay

=

= 300t

2

&= 200}

A
100

0 I I I I
-04 =03 -02 -0.1 0 0.
IR /mm

(a) Fefph ST 70 A1

02 03 04

- ZIEIRIE
- - NH IR
5 1 1 1 1 1 1 1

204 03 -02 0.1 0 0.1 02 03 04

JEER L /mm
(b) BEHEREE 73 A
B 7 R R X B i ) RS A A B 1) R )

Fig. 7 Effect of temperature on contact pressure and wear depth

3.3 TEIRREEARE S ERR E AR AR
N T BE— SR P R 5 T A R
TAFEEFOECT B0 BA5 R . 18 8 R T A
78 P U SIORT 42 i s g RS R E | 3R E A (14 R
Wi B . AAIE] 8(a) Hh AT LU B, A7 3 1 3l
(N=0) ¥ 32 fish ke 7 73 A S o 25 T IR 5 B 35 97 B 1
BT, 2 i s F7 109 00 A1 22 B 53 gk o o 5 4%



1812 o= 3

% %38 %

B . R O
J SR TRV 7 B i, B D0 T
il 2 12 7 5 T 25 L i
R

P 8 () 34 T 555 A1 B 5 B 25
F P T .. 55454 5 142 580 0 4
T . J5 4546 A0 75 0,15 mm i
(8 A0 BE BRI R K . LSR5 0 R U R
S A 02 SIS . DS A S B
ORI 22 A/ o KRB T BUAS G, W T
GBS IV DT R T SR
T L5 50 148 128 2 ) 22 B B2 0 56 08 e
ST o 36 0K S B R 38 K R
. R o T 40 L 25 9 5 0307
AU K, PECRTEI 605 B SO Sen N . I
PR B/ 8 12 I 7 BB VR
KB,

P 8Cc) 4 a5 o 2 T 3 52 4 B B 3
TEERAEA AR WA o T LR BRI 530 9
REECASTEBE P02 MR . R A
1 48 JPE ) RS o A — A R R
A s 2 3 3 T
DL, o4 JE T 246K R O o 3 o
AT B b LR . AR, T
BRI 17, 7 2 By 2 R BB 7 B 3%
e BB SR YOS HE T K. B T URLIE TG I8
B 53, 5 k315 1 L 1 2
BN ELIRBE R B DB i T BRI
P AR R 525 1 9 B R 14 44 R
PR 3 A R T

1000 :
N=0
- N=100
800 | - N=200 1
—= N=300
£ —v N=400
= 600}
g
]i‘
= 400}
2
200
04 /
04 03 02 -0.1 0 01 02 03 04
2 il 58 B /mm
(a) il 77

B 77 -e-N=500
L A N=400
- N=300
- N=200
| -+ N=100
N=0

é0.4 —6.3 —6.2 —6.1 0 Ojl 0j2 0..3 0.4
V58 B /mm
(b) BRI
18.0
17.5
17.0
16.5
16.0
15.5
15.0
14.5 '

409> TR
-04 -03 02 0.1 0 01 02 03 04
Hefih SEE mm
(c) MR BZ I BEDRFR UK )22 fL AL e

TR/ C

P8 AT T B TR AL B AR PR v i) A A A
Fig. 8 Change law of contact pressure, wear depth and

temperature with the number of cycles
4 &

1) 38 32 X 1% G2 1Y RE £ #E AU BY E 4T 18 1E ok
Z I8 SR A EAE . T IE R RE R
#1445 T UMESHMOTION - #& J%, [ % & 1
AR, 38N -7 -BE R 1 B AR Ay
A RO AY, 45 30 7R R L B2l Fe g R 4 R
JE AR o AR

2) 5 PR EE 5w I, A8 1E A g R AR A A B 4
TR W% /NT Archard #5578 (1% JB 453 VR B, LB % T
JBE BT v, PSR 2 [ (1Y 22 B ROR K

3) AN A A 9 M R R ) A R A R
TR/ 25 RERE AR S P I S 458 5 5 AN P 6 1)
MR %I AR, F2 fioh 2 TET IR T W {5 AN 2% HEORE L 9
PEAH RN

4) Fiti 5 408 PR U B N, 2 fih % 1T D I BE
[ 52 (= N A 21 R W o7 ) I
TR B T 15 4 3 23 bR T3 B B T v T AR /N, B
B SR 15,5 P A H s A TR R 2 ROR R /N



5 8 3 AR POIMA TR I E S A T A ROl R R 1813

SE Wk

(1] BAE, E9-K, W, 5 .0 ) 5 $O ) 3k 3% 25 5L iy
TSN B [J]. A2 3l 1 2 4, 2020, 35(3): 552-559.

YANG Lihua, WANG Zhenfa, XIE Kun. Fretting wear of discon-
tinuous interface considering centrifugal force and thermal stress[J].
Journal of Aerospace Power, 2020, 35(3): 552-559. (in Chinese)

[2] WATERHOUSE R. Fretting wear[J]. Wear, 1984, 100(1/2/3): 107-
118.

[3] PINTO A L, ARAUJO J A, TALEMI R. Effects of fretting wear
process on fatigue crack propagation and life assessment[J]. Tribol-
ogy International, 2021, 156: 106787.1-106787.15.

[4] JIN X, SHIPWAY P H, SUN W. The role of frictional power dissi-
pation (as a function of frequency) and test temperature on contact
temperature and the subsequent wear behaviour in a stainless steel
contact in fretting[J]. Wear, 2015, 330/331: 103-111.

[5] JIN X, SUN W, SHIPWAY P H. The role of geometry changes and
debris formation associated with wear on the temperature field in
fretting contacts[J]. Tribology International, 2016, 102: 392-406.

(6] 452k, M7, ANIG AR, A% I J3E XoF 3 T B8 442 P88 451 1k RE 5
Wi £ BF 5 3 R 7], b IR SR T LR, 2020, 33(6): 1-22.

NIU Yusheng, HAO Xiuqing, SUN Pengcheng, et al. Perspective
of influence of temperature on friction and wear behavior[J]. China
Surface Engineering, 2020, 33(6): 1-22. (in Chinese)

[7]1 ARCHARD J F. Contact and rubbing of flat surfaces[J]. Journal of
Applied Physics, 1953, 24(8): 981-988.

[8] FOUVRY S, KAPSA P, VINCENT L. Quantification of fretting
damage[J]. Wear, 1996, 200(1/2): 186-205.

[9] MCCOLL I R, DING J, LEEN S B. Finite element simulation and
experimental validation of fretting wear[J]. Wear, 2004, 256(11):
1114-1127.

[10] P FE, Fal, 28, 5. 5 220 3h P 47 R 3 245 A2 4L
B 53 7 [J]. MLAK T A& 2= 42, 2021, 57(18): 1-22.

YIN Jiabao, LU Chun, QUAN Xin, et al. Analysis of wear behav-
ior dynamic evolution on railway brake pad[J]. Journal of Mechani-
cal Engineering, 2021, 57(18): 1-22. (in Chinese)

[11] AHMADI A, SADEGHI F. A novel three-dimensional finite ele-
ment model to simulate third body effects on fretting wear of
hertzian point contact in partial slip[J]. Journal of Tribology, 2021,
143(4): 041502.1-041502.14.

[12] GONG W, CHEN 'Y, LI M, et al. Coupling fractal model for adhe-
sive and three-body abrasive wear of AISI 1045 carbon steel spool
valves[J]. Wear, 2019, 418/419: 75-85.

[13] WANGYY, LIANG G, LIU S, et al. Coupling fractal model for fret-
ting wear on rough contact surfaces[J]. Journal of
Tribology, 2020, 143(9): 091701.1-091701.13.

(14] oL, tRFH, B 59, 55 B THHLIF 3 i T 2246 8 sl 1
V5 PR 3T [9]. 025 3l 01 2441, 2021, 36(4): 751-766.
XIAO Li, XU Yingqiang, CHEN Zhiyong, et al. Analysis of influ-
encing factors of fretting wear with helicopter floating involute
spline[J]. Journal of Aerospace Power, 2021, 36(4): 751-766. (in

[15]

[16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

Chinese)

NING P, L1'Y, FENG Z Q. A newton-like algorithm to solve con-
tact and wear problems with pressure-dependent friction coeffi-
cients[J]. Communications in Nonlinear Science and Numerical
Simulation, 2020, 85: 105216.1-105216.22.

JIANG X, PAN F, SHAO G, et al. Prediction of electrical contact
endurance subject to micro-slip wear using friction energy dissipa-
tion approach[J]. Friction, 2019, 7(6): 537-550.

LI L, WEI Z, MA S, et al. Numerical analysis of fretting wear in
lateral contact of sphere/sphere[J]. Proceedings of the Institution of
Mechanical Engineers Part J: Journal of Engineering Tribology,
2021, 235(10): 2073-2085.

PEARSON S R, SHIPWAY P H, ABERE J O, et al. The effect of
temperature on wear and friction of a high strength steel in fretting
[J]. Wear, 2013, 303(1/2): 622-631.

QIN W, JIN X, KIRK A, et al. Effects of surface roughness on lo-
cal friction and temperature distributions in a steel-on-steel fretting
contact[J]. Tribology International, 2018, 120: 350-357.

SHEN F, ZHOU K. Investigation on thermal response in fretting
sliding with the consideration of plastic dissipation, surface rough-
ness and wear[J]. International Journal of Mechanical Sciences,
2018, 148: 94-102.

HAGER C H, SANDERS J, SHARMA S, et al. The effect of tem-
perature on gross slip fretting wear of cold-sprayed nickel coatings
on Ti6Al4V interfaces[J]. Tribology International, 2009, 42(3): 491-
502.

HAGER C H, SANDERS J H, SHARMA S. Unlubricated gross
slip fretting wear of metallic plasma-sprayed coatings for Ti6Al4V
surfaces[J]. Wear, 2008, 265(3/4): 439-451.

WANG L, ZHANG Q Y, LI X X, et al. Severe-to-mild wear transi-
tion of titanium alloys as a function of temperature[J]. Tribology
Letters, 2014, 53(3): 511-520.

PEREIRA K, YUE T, WAHAB M A. Multiscale analysis of the ef-
fect of roughness on fretting wear[J]. Tribology International, 2017,
110: 222-231.

YUE T, WAHAB M A. Finite element analysis of fretting wear un-
der variable coefficient of friction and different contact regimes[J].
Tribology International, 2017, 107: 274-282.

BASSEVILLE S, MISSOUM D, CAILILLETAUD G. 3D finite el-
ement study of the fatigue damage of Ti-6A1-4V in presence of fret-
ting wear[J]. Computational Mechanics, 2019, 64(3): 663-683.
HOLMAN J P. Heat transfer[M]. Beijing: Mechanical Industry
Press, 2005.

HANDBOOK M. MIL-HDBK-5H: metallic materials and ele-
ments for aerospace vehicle structures[M]. Washington DC: US
Department of Defense, 1998.

YANG J, SUN S, BRANDT M, et al. Experimental investigation
and 3D finite element prediction of the heat affected zone during
laser assisted machining of Ti6Al4V alloy[J]. Journal of Materials
Processing Technology, 2010, 210(15): 2215-2222.

SHEN F, HU W, MENG Q. A damage mechanics approach to fret-
ting fatigue life prediction with consideration of elastic-plastic dam-

age model and wear[J]. Tribology International, 2015, 82: 176-190.

(Rt TR A


https://doi.org/10.13224/j.cnki.jasp.2020.03.011
https://doi.org/10.13224/j.cnki.jasp.2020.03.011
https://doi.org/10.1016/j.wear.2015.02.022
https://doi.org/10.1016/j.triboint.2016.05.043
https://doi.org/10.11933/j.issn.1007-9289.20201014001
https://doi.org/10.11933/j.issn.1007-9289.20201014001
https://doi.org/10.11933/j.issn.1007-9289.20201014001
https://doi.org/10.1063/1.1721448
https://doi.org/10.1063/1.1721448
https://doi.org/10.1016/j.wear.2018.10.019
https://doi.org/10.13224/j.cnki.jasp.2021.04.008
https://doi.org/10.13224/j.cnki.jasp.2021.04.008
https://doi.org/10.1007/s40544-018-0230-x
https://doi.org/10.1177/1350650120983677
https://doi.org/10.1177/1350650120983677
https://doi.org/10.1016/j.triboint.2018.01.016
https://doi.org/10.1016/j.ijmecsci.2018.08.004
https://doi.org/10.1016/j.triboint.2008.08.009
https://doi.org/10.1007/s11249-013-0289-5
https://doi.org/10.1007/s11249-013-0289-5
https://doi.org/10.1016/j.triboint.2017.02.024
https://doi.org/10.1016/j.triboint.2016.11.044
https://doi.org/10.1007/s00466-019-01675-6
https://doi.org/10.1016/j.jmatprotec.2010.08.007
https://doi.org/10.1016/j.jmatprotec.2010.08.007
https://doi.org/10.1016/j.triboint.2014.10.017

	1 热力耦合下的微动磨损模型
	1.1 微动磨损模型
	1.2 模型求解

	2 有限元模型
	3 讨论与分析
	3.1 材料塑性对接触压力和磨损深度的影响
	3.2 温度对接触压力和磨损深度的影响
	3.3 循环次数对接触压力、磨损深度和温升的影响

	4 结　论
	参考文献

