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Abstract: Self-lubricating fabric composites are the key materials in self-lubricating joint bearings, however, during the
friction process, high temperature and high speed working conditions, the large accumulation of frictional heat leads to a
significant decrease in the overall stability of the composites. It is of great significance to explore the transformation of

friction coefficient and wear rate of composites under different temperatures and the evolution of material friction and
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wear behavior and damage mechanism to improve the self-lubricating performance and wear life of spherical plain
bearings. In this paper, the prepared PTFE (Polytetrafluoroethylene)/Kevlar fabric composites were subjected to
reciprocating friction and wear tests at different temperatures (25~150 °C), loads (20~40 MPa), and frequencies (6~
10 Hz) by using a heavy-duty reciprocating friction and wear tester. The test results showed that the change of load and
frequency had much less effect on the composites than the temperature. The change of frequency could be defined as the
change of friction temperature. At 25 °C, the friction coefficient and wear rate of the material decreased gradually with
the increase of frequency from 6~10 Hz. As the load increased from 20 MPa to 40 MPa, the friction coefficient and wear
rate of the material first decreased and then increased. However, when the temperature started to act, as the temperature
increased from 25 °C to 150 °C, the friction coefficient and wear rate of the composite material showed a tendency of
decreasing and then increasing under the influence of temperature. When the temperature was 75 °C, the composites
showed excellent friction and wear performance, and their friction coefficient and wear rate reached the minimum value.
When the ambient temperature, load and frequency were 75 “C, 30 MPa and 6 Hz, the friction coefficient of the
composite material was about 0.039 and the wear rate was about 5.98x10"° m’/(N'm). As the temperature increased
above 100 °C, the material friction coefficient and wear rate increased dramatically and the friction coefficient fluctuated
drastically, and the mean value of the friction coefficient was as high as 0.117 and the standard deviation was as high as
0.024 5 at 150 °C. In-depth analyses of the composites' wear surfaces, transfer films, and abrasive debris using scanning
electron microscopy (SEM) and X-ray spectroscopy (EDS) revealed that the wear behaviors of the composites were
related to the fracture behavior of PTFE fibers. As the temperature increased from 25 °C to 150 °C, the PTFE fiber
fracture behavior gradually changed from sliding shear extrusion to fiber pulling out, cutting off, and fatigue spalling.
75 °C, the PTFE fiber plastic flow phenomenon was extremely obvious, and the wear surface of the F element content
accounted for as high as 34.2%. At this time, the friction process formed in the abrasive debris presented a fine block
form, and the transfer film formed on the surface of the dyadic pin uniformity and stability was better, so at this time the
material's friction coefficient fluctuation was more stable, the standard deviation of the standard deviation was low to
0.005 3. Correspondingly, with the temperature increased from 25 °C to 150 °C, the composite material of the abrasive
wear mechanism, from abrasive wear into a slight adhesive wear, and then transformed into a serious adhesive wear.
wear and accompanied by thermal composite fatigue wear. In order to ensure the wear resistance of self-lubricating
materials, the friction temperature of 50~75 “C could make the composites maintain in the stage of slight adhesive wear

for a long time.
Key words: fabric composites; temperature; resin; transfer film; friction and wear
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(b) bonding surface; (c) wear surface
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Fig. 3 Wear rate and friction coefficient at different temperatures (30 MPa, 6 Hz)
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Fig. 6 SEM micrograph and EDS results of worn surfaces at different temperatures: (a) 25 °C; (b) 75 °C; (¢) 150 °C (30 MPa, 6 Hz)
Bl 6 AENEE T BRI MSEMIE Fr FIEDSZE HR: (a) 25 °C; (b) 75 °C; (c) 150 °C (30 MPa, 6 Hz)



%10 3

ZEA 1, 2% IR E X PTFE/KevlarZR W) & & 4 1 BE 5 B 151 M BE 11 52 i) 1379

& Ve SRIFEAIC, PTFELF4E45 U)W A4k 1, T ok A 1)
FIVE L. BRI E = 7 808> 213.2%, 06
ZHFet R SRR K. 28 ERTR, B AMRIE B
T R 2 1 i O B S PTFE BE 5147 N %, B
R JE I e, PTREST 4k (1455 th 77 = i 3h 55 Hh %

V17 BT 7 S oA B 453 3 THI RN AS [R) P B 453 3 T 1)
FICE AT, 0 R W, PTFELT 4EAE M URIRAS 2 5 4y
ARTE SRR 45 s A . TEAS (R T A7 BE 488 5 5 A 5
&, 25 CH[E7(b)], Froz F 2240 T B B R IR,
BT PRI 22, TEgm 24 s bl il AR Y,
PTFEZF 445 bt i & BY V) BF . 75 CIf [ 7(c)], T
(1R FH A8 19 PTFEZF 4 2 1 (A% IR 24k, 286 B 30 %0 45
M, PTFEZ ¥ [7) VY JH a2, 453 9w 2345 s AbFoC 3=
BI51 5y A, BB Z WPTFELF4Epi B i, 25 B BRI /2
LR E TR AR 150 CR[EI7(d)], FIoE 2047 B 5
M, K2 B TR L4, Sk, PTFEME B85 V)
W7, IX 3 B A I ) A R PRI

EI8 T 7~ A A [ il BE T B IS 3R T oW T 35 i SEM
MR R EEAE25~75 CHI[EI8(a~b)], BE G 2 It HUIR,

XFEE R I, AE75 CIT S TR RS BE At/ i
VB FIAE A0 B 85 IR R0 S A, RZEAE XA 1, ook 1
PTFEAT 44 B H2 45 45 J 2% 1 119 o7 g 1) 42 1) 15 000, A2 7
1E il P AL I PTRELT YEAE A1 S F T 1 3 ) B 1,
TE R /IS (R JBURIR S T8 . 5L T R 22150 CHY[FEI8(c)]s
P& T8 A5 BA 5l Bk IR R 38, L v IR S B e gk &
FvE, BTV R JE B B B AR R .

Bl BT 7 AN [ I T 6 % IS A0 T 35 ¥ SEM R
Jr. 25 CH[E9(a)], AHEER IR IRE & R4 &t
R R, FEEES R, 0 e 2 3 s
T N RIVE, 1 RS I )38 S M i 22 BB IR T &
275 C [E9(b)], FA2 HE 35 51 A e My, R
HID> B RITE YU, H R ST I J0 B3 B A HLAID T
PR, I 2 PR iR T 5, PTFRERG A3 1k B 5548 K,
BESRAIH, tTIREVER, BAL IR IR AP TFEA: 5t .,
HREHER RN, BRUZRENEEHBIE, 1
BN & 8 B9 R AR, G T 2 5 PTFEAE B H B 4
B, A RS AT, B2 (PTFERYIETE I E#75
JESRTHT, T AR T 0 35 &) HL N AR 58 I U2 B 8% i
LR TR E 150 CIE9(c)], X8 2 T 1 e A% I 5

Fig. 7 F element distribution on unworn surfaces and worn surfaces at different temperatures: (a) unworn surfaces;
(b) 25 C ;5 (c) 75 C; (d) 150 C

K7 REBHBREAAFRE T BREEFICER DA : (AREBEHRIE; (b) 25 C; (c) 75 C; (d) 150 C

Fig. 8 SEM micrographs of composite material debris at different temperatures: (a) 25 °C; (b) 75 °C ; (c) 150 C
B8 AFEEFEAMEERBKSEMEE f: (a) 25 °C; (b) 75 °Cs () 150 C



1380 FEE 2R (P S0

44 3

P HERUIR. I v iR B X A Rk (B2 5 13 B T AR,
MR G20 PTFEST 4 e B R 3 1 Th e, 2 B PTFE
Y B AR, BRI S REE R
BRI, MM AT L 251 1R I 3 B 4.

EITOAT 7~ A R B2 R 1 B MLl s = B,
EI10(a)fT7r, B -EPDRE fid 5 AL (14 45 8 84 3% A7 72
FRURE B, 8 S IR, MR T g S s AR
PTFELT 4k i T I BY V)58 AR, & R EWr R, T
MR B BERL. T PTFERIASKE 1, 4 Y 2 o wft
DATE Fl 35150 HLAR S8 I A . LT ARk i) BE 5 L o LA
JEE L B A

LR EFEETS CE10(b)], & B RmEER
fa, FEPEE I FE A, W 52 AR AR AL, BB & R
M, AR MYTAS BT, PTFEZF4E K AR R
2 R T AN ST OX — R, (R PTFESF 4 72
I REAERE, TR 2, B EIREEEH, Bk Kevlarf
YEWr L. HLAh, SN IR AE N PTFELT 4R Ak, Al

BRI, 5 MER T IM AR &, R84
AR E FIFE RIS, R B 5 SR R A B .
R L F150 C[E10(c)], T PTFELT 4k (MU I
Bl It A A B 1 T T AR, A i P A
B, GEiRE Ve RINIR, MARSZ R A %, PTFE
LR R R AR AT Y)W, 5 H BRI, TOVEER R
TR A BV S . KevlarsT 4 B8 5 4 8 B4 4 fil,
KevlarZF-4E ) 7 % P 5 Bt iR /O 7+ 1 FRAR D, 78
TR F R R AW, WAL 5 8 B, 7 2R S 2 B
1, T A B 2 T 2B A 1 B B TR P R v, P AR AR
9% 55 V& . O IR S BUL i 3 B 7™ B R B .

gk BRIk, B IR B 25 CTH R 2150 C,
AR5 A B 2 T D B A5 ATL i) DA o B 45 B A
MR FE RN AR R, PRI AR Sy R B A i A A
ST PE I SF RIVE . AN, PTRERI S5 4T 9 thrvig 3h 87
DIFs H BIRG I, F 302F 4 14 U W 55 56 B8 A 1 K
PL B Kevlarf Wiz,

T.20 pm

Fig. 9 SEM micrographs of transfer films at different temperatures: (a) 25 °C; (b) 75 °C ; (¢) 150 C
9 AFNEE FHFIRIISEMER F: (2) 25 Cs (b) 75 °C; (c) 150 C
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