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Tribological Properties of UHMWPE—-Rubber Reinforced by
Nano Fillers Under Water Lubricated
YANG Dongyal, TIAN Songl , RENJunfenz*, WANG Honggangz, GAO Gui'?, CHEN Shengshengz, LI Weitao'

(1.School of Mechanical and Electrical Eng., Lanzhou Univ. of Technol., Lanzhou 730050, China;
2.State Key Lab. of Solid Lubrication, Lanzhou Inst. of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: In order to study the effect of test load and speed on the tribological properties of Nano—SiC modified ultra high molecular weight poly-
ethylene (UHMWPE)—rubber composites under water lubrication condition, Nano—SiC and Polytetrafluoroethylene (PTFE) filled UHMWPE—
rubber composites were prepared by high temperature mixing and hot pressing.The friction and wear properties of the composites under four dif-
ferent loading conditions were investigated by MRH-3 ring block friction tester. The micro wear surface morphology of the samples was ana-
lyzed by optical microscope (OM), scanning electron microscope (SEM) and non-contact optical three-dimensional profilometer, and the friction
mechanism of the modified composites was explored from the micro layer surface. The experimental results show that when the speed increases
from 0.005 m/s to 0.541 m/s, the dynamic and static friction coefficients of the modified composites show a significant downward trend, the fluc-
tuation of the friction coefficient is stable, and the stick—slip phenomenon gradually weakens until it disappears. The change of test load and nano

particle content are negatively related to the friction and wear degree. Under the condition of water lubrication, the friction coefficient and wear

W5 HHR:2020 — 12 - 31
E2E&MA:FEK A AR REETH (51675509)
EBB N MR (1977—), 55, RIBEZ WS 0] 918 8} E-mail: eastasiayang@163.com
* BIEEE ALY, E-mail: jfren@licp.cas.cn
P 4% HH B B 18] :2021 — 08 — 27 09 : 10 : 10 PO 4% H B 31k - https://kns.cnki.net/kems/detail/51.1773.TB.20210826.1121.003.html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn


http://dx.doi.org/10.15961/j.jsuese.202001141
http://dx.doi.org/10.15961/j.jsuese.202001141
mailto:eastasiayang@163.com
mailto:jfren@licp.cas.cn
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

192 TRERp A HEOR

% 53 %

rate decrease obviously with the increase of nano particle content. The composite with 5% filling ratio has the best tribological performance. The

friction coefficient and wear rate decrease 35% and 46.6% respectively compared with UHMWPE-rubber, and the worn surface morphology also

changes; The wear rate of the composite decreases from 1.25 x 10 6 mm3/(N-m) t0 0.40 x 10°° mm3/(N‘m). The results showed that both the con-

tent of Nano—SiC and the load pressure have a certain influence on the friction and wear, that is, UHMWPE-rubber composite filled with appro-

priate amount of Nano—SiC can reduce the stick—slip phenomenon, and the friction pair composed of the dual steel ring under a certain load pres-

sure can effectively improve the friction performance, which is conducive to reducing the wear of water lubricated bearing and enhancing the ser-

vice life of ship transmission system.

Key words: water lubricated bearing; UHMWPE; stick—slip phenomenon

A R IRE H 45 U, HEROE FLBR & 7™ %
WU Yl /DA S S AR, TR AR Ry A A i 7 1)
A, — B R, i s Y g v A s
PRI I, 7K T 8 il R EC 45 A 7 B, PR3 PR 4, B
FT LA EL AT 75 A op o M 4 A e s, R BT )
F ARBTG5,
SR G, 5l R BB 3 5B 25
FE A REALR | W 7 38, X IR AE 114) 48 4 T i 1 s B
B Lo e b, Hh T K B R 2 B, S EOKIE W
SR H AL TR AT = RO IR, B R R
o e U0 B g e AR X R, P A K e T 4 B
WA AR A

T B4R | ORI 2 AR ISR R A A R 22 1t
T ok, R R B, brdRsh ik 4r, bt
R, IR S HAS 275 YK AT o (BB W AR BY
5 REAE R, Vit e EAR Y, 7R Bl L A HLEAR
HIZFEE T T = fh g, 32 R P B 52
P B 5 5 RIS B M sk R, T A 1 B R A A
SR R BB o A HL A AR & R kL, B TR
ZJ (ultra-high molecular weight polyethylene, UHM-
WPE ) 5 A5 1R f- (0 i BE 482 1 e L o o b R RE L L4k
P BE AT IR PERET(H T4 iR E, SR
FEURBHBE W, T oh Pk 22, i TR X, 5 6644k i) 25 1 45
Ao AR T B DU 9 2 4 (PTFE ) B 948 S 1y )
TR AR M TR otk | % R R AT
FALNE, FEK I N SRR R T B,
FPTFE M UHMWPE f SR #F — E F2 B i3 T 3
JEE 45 28, A T/EIS PTFES) WUHMWPEJE (AR | i
Pt SR A 2o A A R R A4, i
w52 A ARk RS gk Bk AL ik (Nano—SiC) BA
A A R R R e R T e R ok A A
S — P RO S B B M A R FE R A T RA Y
[ ISR AHRBR AR PTG ST L B SRR A 2k
REL OO0 B ok g KA Ak i A E £ 5 R K i i
R R 2 B 453 1 B A 5 i I

Vi 5T X PTFERL 75 UHMWPE—#4 i A4k /K 3
R TAER A AE OB B4 KR 28 1 S LR
SRR, HE— 20 R I Nano—SiCxf Hsct , BF 58 A )

Y43 B R A AL A AN ) 28 A SR B2 11 B 8 S
P BE SO0 I 4 2% T S AR fL B, B FE R 9T Nano—
SICTE /K I ¥t 55 F S ATUHMWPE—# JIk & &5 b1 b} 22
PP R 1 R, SRy AR AL Bl 2R B K T T Bl R 1)
Ak ek F AR B0 AR B AN BRI 48

1 G ER oy

1.1 BER

HE TR 24 (UHMWPE) ; 5 GUR—4150,
FEIRAE 120 pmo R EALREE T HEBE : 5 VP501,
SEHPRIAR F30~50 um; R MU L4 (PTFE) : M5
XPP538, -k 42 425 um, 75 @2 7] ; Nano—SiC: S
YPRiAE A 50 nm, A AEFE RN EE R B A7 FRA H
1.2 i HEFHIF

B E T FREROES TR RIUR .
YK AR ARE 4% HE A5 5 38 43 010 min, #R J5 T Brabender
REEALPLI177 CIRH30 min, BUH REHLE6 MPa.,
185 CAM T #UE2 hiag iy, Fm T 519 mmx12 mmx
12 mm A /NI R B | R 0042 2% 1 I & 4R OR ] e
BIZ A A BRI T L .

=1 AL
Tab.1 Sample formula
%

FE b UHMWPE THEB R PTFE Nano-SiC
A 73.0 27.0 0 0
B 65.7 243 10 0
C 65.7 243 95 0.5
D 65.7 243 5.0 5.0

1.3 #MRMERER 5 o
1.3.1 A2 E K
HRIEGB/TS531.1—200845 1K FIXHS-D AL A G
A5 P85 X AR ot A T R I A I % L
1.3.2 BB AL MK
FE T P £ B MRH -3 18U 3 B 52 P i e ML I
XF U T A 4 R 2 A7 7K VD T JEE 58 S 4 1 56, R FH 118 XoF
PR R GCr1S, FHLREE M 0.1 pmZE A5 . 350
S ok T L S R ER BT, 3 0 i ) 2K Ay 38 2ot
MII-B-1790 14 #1545 4351 33,66, 1325



553

BRI, 55 GOREURHE 55 UHM W PE—AR IS K 18 T B 4 2 M i 193

200 N 38050 AL 18 25 7[R REXF AR MII-B-17901, 1% bR 1
B B A2 M 17.145 cm (6.75951 ), 454k o 1S s

T, Bk s B 8. 17.35.70.105, 140,210, 348,
87011394 r/min, XTIV AU Lk &F 20, 44.90. 180,

270,360, 541.896.2240. 3 589 mm/s, 455 mint i —
W, RIS E] 50 min. B, B0 12055 42 r/min, X
LR A S mm/sTE A LG L A iR i
FHVHS i R 48 1k 1R 5 X B A 2R, X380 I K 1R il
A100 CHEFE T E 24 hig B, B 0.1 mghs Y
L 44T R X R A7 R T R 48 R B i B L
A AT R, EA MR IR BB RE (1)
A A
g Am
pNL
Ao, KO AR RS 0 238, Am ok iR 70 T2 42 5 4t
RIHIE B 22, p MBS B, N IR 0 2k 28
o7, Lo A R BEAE IR B L BE 4H AE i B R 3 UG, R 42
FBOR T 22 U391
133 R&@H Rt
TG A B S 451 T 9% 4 5 R FHISM—6380L V4 4
L~ I S8 ( SEM) X 3% R SR E 47 70 BT R AiF 5 SR
Microxam—8007E 2 fith 2 27 78 BRSO Ho 4B H: B 45
IEREFIZTR

2 HFR5i1TE

2.1 Nano-SiCFIPTFEXI & & #H & E 520
K1 & & MR a0 B Nano—SiC & i A9 ol 28

(1)

T AR AL R
65

[
1L

260t T

I
55 : :
A B c D

B it

Bl 1 Nano-SiCHMPTFEX} S &+ RHEEAIE N
Fig.1 Effect of Nano—SiC and PTFE on the hardness
of the composites

ME 1] 1. UHMWPE—42 I 61 8 A 1 1 B 459
BAM B A10%PTFESG , & & M Rl 5 ws A A

MM ANano-SiCJ5, & & &Yl B2 A B B $2 7

B A K KL T 3 2, 52 G bRk A 32 2 AL g

T, AR T 5] ik A UHM W PEJE {4 41
LR i 5 PTFERURL 25 Bt [a], {5 A4k A0 B A 1 42 5
PEREAR RN AL, M2 A BHRH A A B 46 v, 3X
S A —,
2.2 KB &M TNano-SiCX & & #1 ¥} FE 8 BE 1R
ed- A 0EA !
22.1 REFi&E FUHMWPEA #4649 568 I &
B2 80 7R T FEAS[R] R A 18 £5 7 T DA il B
5GCr157 Z (Bl Y BE 8 R B p i o), TR B T &b
IR AL . 5.15 mm/sif BN AY S R BN &12(a)
Jias, AT LA H i 8l F B I B FL IR BE R e o K12 (b) o
ANTRVRERIAES T s PR 488 R B0 ) LRI O — Mok 1t
Bifi 5 7 I () 38 00, EE A R AR AR VIR I B, B A
A T ™ A 5 X PR AE R A T 3B A AR
B EENE R, BT XHE I B, BRI R BOR
Wik R (E2(0) PR R ) 5 BRI 1 K 3 L 48
IR 2 A, &2 A AL 5 0 26 a0 IR B B
THR, R R B T PR 5 IS (EI2(b) Hh i it
)5 DB X PR AR 222 3y, IR0 55— 4 5 1R i
I AR AR S kO A AR R A, R A R B I RO
A IR, A 52 G0 I o 1 0 52 8 A A A R £ 28—
MG @t E2(0) BT LIE 1, AN IPTFEFI Nano—
SiC IR A4 A 1) 8 By e B fe ) B0, 26— R T, 98 K
TEIMA10%PTFESG , 25— J5 10 T 46 46 , 1% o1 i 8 U
N, FE-TE B8589  ZE N ANano-SiCZ J5, EE# &
A R R R I Ty 200 o e A 4 R X 1
MEA W E ], FE R ARE (5.15 mmy/s ) B, Ho i 2 i
BE i KR 0.024, 9% B A W Bt 4 s 6 A 3 B 19 3
T, P 8 2R B0 ik B I R R S FE 0 2 /N, dn
E2(c)~(g) s, 24 & HHe i $)270.36 mm/sit,
U By e I8z 2 JE) 9 457 B s s i 12 (b) A (g ) Al
DL, FEAHFR EE 254 T, Bl Nano—SiC & & 3
i, R R BE 482 35 B 28 V- 2% o 7E T 3R 21360 mm/s
1541 mm/s(E12Ch) F(i) ) B, B4 2 500 shita T+ F
B, N F B D S R RS U T DL R

M ek,
222 HAMHE) BEERKEAI T IE
&R

HT T BRI Shad Fe b R 2 AR R A,
1T 7 FEE 45 2 0 W K T Sh BE 5 R B I3 /s 1 K
T 2% AF T A TR 8 e R 5 GCr1 S35 22 [R] A
5 AR T EE I R MR AR So ] T s sh PR e
IR ML, 72 HA B sh Z i RS,
W AR I HLAE 9 1 r/min . SR A S S IC
SRR, AR A R B 2R AF T & A 3K,
TR EE S R BB 2 {H



194 TRERp A HEOR %53 %

0.11
0.10 |
Bl
009 1 1 1 1
0 60 120 180 240 300
tls
(a) v=5.15 mm/s
0.12 0.12
0.11 0.11
0.10 + 0.10 +
=0.09 F 2 0.09 |
0.08 - 0.08
0.07 : . : . 0.07 -
30 31 32 33 34 35 36 37 30 31 32 33 34 35 36 37
t/s t/s
(b) v=5.15 mm/s, 37 s N (c) v=20.6 mm/s, 37 s /A
0.12 0.12
0.11 0.11 W
0.10 r 0.10 F
= 0.09 f 2 0.09 L
0.08 r 0.08 ¢
0.07 : . . : 0.07 : . . .
30 31 32 33 34 35 36 30 31 32 33 34 35 36 37
t/s t/s
(d) v=43.78 mm/s, 37 s (e) v=90.12 mmy/s, 37 s
0.12 0.12 ;
0.11 0.11 + —~B —D
0.10 0.10 WW
0.08 0.08 +
0.07 . : . : . 0.07 | . .
30 31 32 33 34 35 36 37 30 31 32 33 34 35 36 37
t/s t/s
(f) v=180.24 mm/s, 37 s (g) v=270.36 mm/s, 37 s
0.090 0.090
T e
0.080 0.080 |
S =
N A
0.075 0.075
0.070 : : . : 0.070 : : :
0 60 120 180 240 300 0 50 100 150 200 250 300
t/s t/s
(h) v=360 mm/s (i) v=541 mm/s

B2 KEABFHTESMREGCrISTHZ B EBFH-BUAR
Fig.2 Stick—slip phenomenon between UHMWPE and GCr15 rings under water lubrication
ME3(a) TAE H, B 233 NG RFI250N, 0T LUE i, Nano-SiCHUHEE & FHEHR A 5/ 1 B 45
SRV 23 B9 52 5 R A0 10 R 452 R BB WS, e RECIESIIE T, R R R A S R RO A A
JETRE ; JF HBEA Nano-SiCE RN 2, XN /o — RN, BEE A8 Al ) B0 2l 0f JBE #5275 114 7
KA MR R AR RS AR W AR, NIEI3 (b)) ARRRE IR W H B MR, B ) 2 (K, PR R



553

B K o R, Nano—SiCelt 42 & #4 K DAH L UHM-
WPE—#4 A B A, B BRI % el R 2 A3 4K
Al LAF ), W& 3 Nano—SiC & &I hn, &
TG Bk 5, BE R S AR
0.12
0.11
0.10
0.09
0.08
0.07

0.06
0.05

0 50 100 150 200 250
/N
(a) W BEHE R B

0.12

0.10 | O shde 2%

0.08 [

0.04

2 1111

A B C D
(b) BEHE R T Bl
3 4AUHMWPESE MR AEH T FHERRY

Fig. 3 Friction coefficient of four groups of polymers un-
der different loads

223 REHRAUHMWPEA AHHEHEE 2 5009 %

Fl4% /8 T AR UHMWPER & 4B A . B, CHIDE
AW EME R, 43 BIAE33 .66, 1321200 NF¥ 2
R R B AL R

MFEIATT WL e AR A b Rk B4 JEE 488 28 5025 o ok 5
1R 358 i S T I B B 2 R AR, (H AR [ 2847 X6 7 A
JEE 8% 22 B0 AR IX [] B S AN TR) 5 B 28 A iR T 184 K, 4
Tt 52 45 4 R ) EE 4 2R XS0 A AN [ R 2 1) FRAIK o 7R 4
AT T, UHMWPEAZ AL (B A A REA) A BE 42
B &, TEIMAPTFENG , &4 B BAY BE 4%
AEE — ERERFRMR, FINA0.5%Nano-SiCli, &
B MR CIY EE 45 R B S REAIL, 1 2 Nano-SiC & i
BN 5%, A BRI D I BE 4 2 B0A B ek EE 52
FR AR AL 5 A Ak 2 T 447 058 5 17 100 8 Bt 2 2R Ay
F14) 338 R 2 B0 L AR ) A 728 T A, B K e o il 7 A e
TE— S YU PN, Bt 28007 0 356 0 i 85 45 2 B 2 ¥ 3
5 2OV A, AR K M 45 F F UHMWPES & 4 BHT
TR Ak T30 B v B B PR R B4, R R A
WG o B R BT, - Bk L i B

P

WA, 252 K SEURHE 55 UHM W PE—A% Jie K e T B 488 4 195
0.20
0.15 }
= 0.10 +
0.05
0 L 1
10 100 1 000
v/(mm-s™)
(a) 33N
0.20
0.15 t
= 0.10 ¢
0.05
0 1 L
10 100 1000
v/(mm-s™)
(b) 66 N
0.20
0.15
= 0.10 |
0.05
0 ! L
10 100 1 000
v/(mm-s™)
(c) 132N
0.20
0.15 +
2 0.10 ¢
0.05
O L L
10 100 1 000
v/(mm-s™)
(d) 200N

4 FREHE FUHMWPES &# R EBR R
Fig. 4 Friction coefficient of UHMWPE composites under
different loads

AR TR A T, R ORE SR T HH BB R M1, 2
KA BEI R, B0 A W, R R A
REARIE 2 7 s TR o X T e S o &/ & M RHIm A
g KA BHE , Nano—SiCHE KA i Ho = A BE R A2
IO 2R B STOM 1, A 1 STO, B e 78 BE HE i R b 37
SYUIAR I , 70 R SR A A R Ry 350 A S, DA T o
TR



196 THRERESHEAR

53 4%

224 KRB HAFUHMWPE A A #4769 %k

E 545 T 4FUHMWPES 4 4 BHE33. 66,132,

200 NZ&AT T A B 1 3 AR A KU, (AR 431 R 4

(D) IR
3.0
- [ 133N
25t 66N
B 132N
Z 20 200N
1 . .
Fos L
=
@ 1.0 b
&
B 05
0
B
T il

BE5 A E#HT FUHMWPES &R EiR %
Fig. 5 Wear rate of UHMWPE composites under differ-
ent loads

PP S TR« Bt AT B9 K, 40 S B A RLAG 14
U451 3 2t BAAN ) o JBE 4y i/ ) o 3 2 PR S A JEE 45
Ty W AR, B B B3N, 526 BB 1 1 2
T Bl R S O R R, A A R I i
U E T, A3 e I e AR PR A S R R
A AR 2 T R AL, T ST DD PR R AL R I, Tind B

(@) FE i A

(c) P C

R GIEC RS €y SNl i WA oy | e (P
FR A 2 1) 1530 AT 6008 T 198 8 i o 37 B T 28 o 385 K
PR BE, DT A5 Hh (A AR5 51 2% I A 488 Ay 1) 34 A T ik
/N Bl Nano—SiC & s, & A bR 0 5 41 % 5
PR B RS, o DAL R (9 B R i AIC, B R B
Jin ANano—SiCHI & 42 5 T & & F kLAY B 1, BEAS
R 7 T i 0 28T o e TR A D R R SR 4N K Ok
HAEME RS — R SRR, 2 m T2 AR
14T 5 U0 0 B0 AR RE U A A TR T g
Nano-SiCTEK I F 5K & A [ W IE 1 Si0,, i
SiOL&E I 1A 46 1 2 A AR BE A 1, 458 T #
BHBURL) Py BLEE T RE ), B E RS T Z A MR T
Pl
2.3 BEFREERSH

El6 ks T 4R 5 & MHBHE BE 52 B 401 56 ) 1 3R
TS . 76 2 2 66 NAKTRIE &1F T, EAHRIA
MR AAETE D E BB S, El6(a) IR, B EMME
AW R — BB E M ek ™ ke, 13X J& i T UHM-
WPEA BHI #APE 2%, 5 T R I VP50145 & F2 B 1K,
453 2 T 70 PR 4R TR A8 A A AL ™) e it S A el
530k 2 B B R 2 R, AT S OB S R
VP50 1A e I3 7 T2 1 /N AR 19 BROE M1 370 8 e

TEK PR T BB 0t i 7™ A 1 B TS A 0 1 2 L ) Ky
e

(b) ¥ B

(d) Ff D

Bl 6 TEUHMWPEE &% #IHISEMRE R 5 04T
Fig. 6 SEM surface morphology analysis of different UHMWPE composites



%5

BRI, 55 GOREURHE 55 UHM W PE—AR IS K 18 T B 4 2 M i 197

Bz TKe6(a), i T APTFE/G & & # kit i
TRERIIN, VPSO AR AS T+ 30 R0 7% 175 100 1 JHC S 43
T SR R RS B g ik L% Xt T MR R
T AR 20 BGE TP AT S, 3ROSR O AR M, (B
B L ATH SR 2 U1 AS S 11 5 24 b Rk 2 1T 5 6T 4 34 422
fib R, A A T A o RS R 0 S B e, R i
() B2 0 2 6 e 00 38 7 A B A o Bl A X BR
B, B AN 1 BT, DU AR T A — R
O35 X IR Ak SE K A A T Y W, 11 R - -
B W RS A AR — E AT RE B,
RCFOIR AT B BB 2 1 & 7 A R R S T i 2, JF
G ROR R N R mIEid QINP QUIE T (¥ v = = TR Y
JEIRIE, WIE6(b), R B JE AE 2 4 B LR A T 9l
24, BRI Ve 1 55 o

Bifi & Nano—-SiCHYMA , & A F R TEBE | PLIE 1
PERE RZRBE 1 PG AR PERE AU BY bl ME BE 4T, 2

FAE RS, BT BB AR . sl 6 (c) s,
A0.5%Nano—SiCJi5 B k2 T 1Y B 5 R 208 4% /i B
TN Pt 3R T 8 T AR AR BB Nano—SiC & i
HI3E AN, GnEl6(d) s, B 2 B 9 KR 55 R 2R T
TR S D6 A FH 5 AT ) T 98 BOL AR B 400, 2 177 B2 AIG
B B 451 3 PO 45 3 T A A5 T NS A 24 4, ALAE
TR B BN ST S 2 A MR AR R S
ATXT b, AT DL BRI R I O, LA e S5 B4 SR
1) JEE 48 22 505 B 3R L 45 MW A OF Hoil T4l
KobrFIFE T, 7 2% 02 T P 4 0 A5 o0 LA
KR, A AR A TN S 5 P O R AE T L
RIRGIKRLFIHFEAE— T 35 T Bk 1 [A]
YER D, (AL T BE S 72, BRIk 2 B B4
HIYEH, SHTSCEE - BRI A5 A R o

P17k 4Fh 52 44 BHEMicroxam—8 00 F fi X'
2RSS 34T

(c) FEAL C

(d) FERI D

B 7 AREUHMWPES &34 RE
Fig.7 Three-dimensional surface of different UHMWPE composites

HIE TR RUE i AR AR 3E SR T 2R LA,
5 1E 645 K —5 . BEE PTFERIIIA , BE IR TEAR ) Bl 4s
¥ o B Nano—SiC ¥y B 3, P41 TR 3 5 IR 5
JEHR BN [ AR E ek, X IR2s e — 2K

3 4 g

1) 524 PR BE 2 45 Nano—SiC 7 fik (1 48 i i
PETF, HORERE Ty Bl 2 358, X R R 9 AL ) BL G

WL/, DT EE 458 28 KA, TRtV v

2) HEXTUHMWPER B 21 BLEE AR K,
S PR 10— T B G A 3k 114 3 o T ek et L
BT o HLFE5%Nano—SiCHL T 1Y & A M RHE 5 18
B AT R A T R A Ve RE A A, 7R AR B0 R
VEE {58 2% AU 5 W R 01 4% O W JBE AR, Bl e R
PR BON Z2 fEL /)N, il R EE SR U B AR, R B



198 TRERp A HEOR

% 53 %

3) LA X S5 R S I ORIt E
AR 11 B 45 2R 0055 S 4 R I A 28 Ay 119 1 DR T k)
YT BLE AT 33 NEE I ZE200 N, 2P 5 A 4 k5 i
E1.25%10°° mm*/(N-m)FE % 0.4x10°° mm*/(N-m).
Bl A Nano—SiC & it 13, 1A JE 408 2 T A A5 e
WL v 1 DA B8, R S T 401k i v 1 L s
BLYR ARG AT , 6 DS 0000555 , S 40 3 A B 4 2R K
BFEFER.

B2 R

[1] Dai Chunhai,Lao Xingsheng,Liu Yong,et al. Experimental
study on water-lubricated bearing material in deep sea space
station[J].Materials Science Forum,2019,947:155-159.

[2] Zhou Xiaoran,Zhou Xincong,Cheng Junfeng,et al.Study on
tribological properties of modified UHMWPE for water lub-
ricated bearings[J].Lubrication and Sealing,2016,41(12):
80-85.[JH I A8 JAL B il R 4R 8, 4 i E UHM W PE /K i i
MR R R B M AR ST (7] 0 W 5 % 1,201 6,41(12):
80-85.]

[3] Ding Xingwu,Wang Jiaxu,Yang Rongsong,et al.Analysis of
elastic deformation of liner on lubrication performance of
water-lubricated structure[J].Journal of Sichuan University
(Engineering Science Edition),2012,44(5):233-238.[ T 4T
I E T MR 55 Ao J2 5L T R K ¥ 548 1 2 A
RE S MR 20 A [J]. DU TR 22 224 (TR R 7),2012,44
(5):233-238.]

[4] Peng Jinmin,Wang Jiaxu.Research on key technology of
improving bearing capacity of water lubricated bearing[J].
Transactions of the Chinese Society of Agricultural Ma-
chinery,2005,36(6):149-151. [ % K, £ X7 425K H
T AR R B RE ) QBRI [J] AR AU 7 42,2005,
36(6):149-151.]

[5] Qin Zhang,Yang Hongling,Zhu Hefa,et al. Experimental
analysis on friction-induced vibration of water-lubricated
bearings in a submarine propulsion system[J].Ocean Engin-
eering,2020,203:107239.

[6] Qin Hongling,Zhou Xincong,Yan Zhimin,et al.Review of
research advances of water-lubricated stern bearing noise[J].
Noise and Vibration Control,2013,33(1):123-126.[Z& 4133,
JEVBT, I A, 5 K o e R AR 57 W5 R SR 0] Mg
S¥R3h1H1,2013,33(1):123-126.]

[71 Qi L,Basavarajaiah S,Kim N H,et al.Synergy effect of hy-
brid fillers on the positive temperature coefficient behavior
of polypropylene/ultra-high molecular weight polyethylene
composites[J].Journal of Applied Polymer Science,2010,
116(1):116-124.

[8] Li Chunyang,Li Weiwei,Li Ruipei,et al.Surface modifica-
tion of UHMWPE fiber composite and mechanical proper-

ties of rubber matrix composite[J].Acta Composite Materi-

als,2015,32(2):409-419. [ A4 L R L AR . 5 B 41
TR O A2 & RIS S AR B B AR )
2EVERB[I. A M B 417,2015,32(2):409-419.]

[9] Ming Yan,Jia Runli.Moulding processing and modifying of
ultra-high molecular weight polyethylene[J].Synthetic Res-
ins and Plastics,2002,19(4):68-71.[ HHa, BY Vi L. &5
IR L RN T R P (9] A OB iR K B, 2002, 19
(4):68-71.]

[10] Huang Li,Yang Ru,Guo Jiangjiang,et al.Friction and ware
properties of ptfe-based composites filled with micron and
nanometer SiO, particles[J].Acta Composite Materials,2004,
21(4):82-86.[ ¥, 17 1, SR VLIL, A% FHOK FI A K Si0, Bt
RV LM 1) BEE R BUPERE (V). 5 & MR 2 I,
2004,21(4):82-86.]

[11] Giigen S,Celik O N,Kushan M.Tribological behavior of
UHMWPE matrix composites reinforced with PTFE
particles and aramid fibers[J].Composites Part B(Engineer-
ing),2019,173:106949.

[12] Song Ning,Song Bo.Effect of PTFE on properties of
PE-UHMW][J].Engineering Plastics Application,2016,44(2):
129-133.[ KT K18 PTFEX PE-UHM W RE By 220 [J]. T
TRIARHN FH,2016,44(2):129-133.]

[13] Pitenis A A,Harris K L,Junk C P,et al.Ultralow wear PTFE
and alumina composites:It is all about tribochemistry[J].Tri-
bology Letters,2015,57(1):1-8.

[14] Mi Xiang,Gong Jun,Cao Wenhan,et al.Tribological behavi-
or of Nano—SiC/PI reinforced PTFE composites[J].Materi-
als Guide,2017,31(18):102-108. [ K 1, 2%, SC i, 55 .4
KSiCHPUHFT U MEPTFER & BRI BE I P RE ()] 41
AH53:42,2017,31(18):102-108.]

[15] Gao Gui,Li Ruihong,Gong Jun,et al.Effect of counterpart
surface roughness on the tribological properties of Nano—
Si0, modified PTFE composites[J].Advanced Egineering
Science,2020,52(2):207-214.[ /5 5% , 2w 2L, 2848, 55 S 2
THTHLRE B 4 Nano—SiO, i MEPTFER 7 1R 15~ PERERY
SEMA ] TRERb2E 545K,2020,52(2):207-214.]

[16] Wang Qihua,Xue Qunji,Liu Weimin,et al.Effect of nano-
meter SiC filler on the tribological behavior of PEEK under
distilled water lubrication[J].Journal of Applied Polymer
Science,2000,78(3):609-614.

[17] Ye J,Khare H S,Burris D L.Quantitative characterization of
solid lubricant transfer film quality[J].Wear,2014,316
(1/2):133-143.

[18] Wang J,Hu X G,Tian M,et al.Study on mechanical and tri-
bological property of nanometer ZrO,-filled polyoxy-
methylene composites[J].Polymer Plastics Technology &
Engineering,2007,46(5):469-473.

(TREE%E2067T )


http://dx.doi.org/10.4028/www.scientific.net/MSF.947.155
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10.1002/app.31478
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1016/j.wear.2014.04.017
https://doi.org/110.1080/03602550701297061
https://doi.org/110.1080/03602550701297061
http://dx.doi.org/10.4028/www.scientific.net/MSF.947.155
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10.1002/app.31478
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1016/j.wear.2014.04.017
https://doi.org/110.1080/03602550701297061
https://doi.org/110.1080/03602550701297061
http://dx.doi.org/10.4028/www.scientific.net/MSF.947.155
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10.1002/app.31478
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
http://dx.doi.org/10.4028/www.scientific.net/MSF.947.155
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10.3969/j.issn.0254-0150.2016.12.016
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..15961/j.jsuese.2012.05.026
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..3969/j.issn.1000-1298.2005.06.041
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..1016/j.oceaneng.2020.107239
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10..3969/j.issn.1006-1335.2013.01.025
https://doi.org/10.1002/app.31478
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1016/j.wear.2014.04.017
https://doi.org/110.1080/03602550701297061
https://doi.org/110.1080/03602550701297061
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.13801/j.cnki.fhclxb.20140611.003
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3969/j.issn.1002-1396.2002.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.3321/j.issn:1000-3851.2004.04.017
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.1016/j.compositesb.2019.106949
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.3969/j.issn.1001-3539.2016.02.026
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.1007/s11249-014-0445-6
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.11896/j.issn.1005-023X.2017.018.021
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.15961/j.jsuese.201801441
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1002/1097-4628(20001017)78:3&lt;609::AID-APP160&gt;3.0.CO;2-D
https://doi.org/10.1016/j.wear.2014.04.017
https://doi.org/110.1080/03602550701297061
https://doi.org/110.1080/03602550701297061

	1 试验部分
	1.1 原料
	1.2 试样制备
	1.3 材料性能测试与分析
	1.3.1 硬度测试
	1.3.2 摩擦磨损性能测试
	1.3.3 表面形貌分析


	2 结果与讨论
	2.1 Nano&#8211;SiC和PTFE对复合材料硬度的影响
	2.2 水润滑条件下Nano&#8211;SiC对复合材料摩擦磨损性能的影响
	2.2.1 不同速度下UHMWPE复合材料的黏&#8211;滑现象
	2.2.2 复合材料动、静摩擦系数差值对黏&#8211;滑现象的影响
	2.2.3 不同载荷对UHMWPE复合材料摩擦系数的影响
	2.2.4 不同载荷对UHMWPE复合材料磨损率的影响

	2.3 摩擦表面形貌分析

	3 结　论

