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Wear behavior of PTFE-coated continuous alumina fiber sewing thread

MENG Ying"?, WU Ning"”", YUAN Zhiqing’, ZHANG Yifan'?, CHEN Li"’

(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 2. Ministry of Education Key
Laboratory of Advanced Textile Composite Materials, Institute of Composite Materials, Tiangong University, Tianjin 300387,
China; 3. Technology Center of Shijiazhuang Customs District, Shijiazhuang 050000, China )

Abstract: Combined with sizing and two-dimensional knitting technology, continuous alumina fiber sewing threads with partial
covering structures of F-3, F-4 and F-5 were prepared, and the effect of covering structure on the wear behavior between sewing
threads and pinholes was studied by using a self-developed experimental device. The contour appearance of sewing threads with
different coating structures and the damage morphology evolution under friction were characterized by 3D profilometer. Through the
tensile tests, the strength retention rate of sewing thread under different rubbing times was characterized. The wear performance of
sewing thread under different experimental parameters was evaluated by the number of wear breaks. The results show that the change
of coating process parameters affects the fluctuation state of sewing thread surface profile, which leads to the increase of hairiness
length after wear with the increase of coating yarn number and knitting pitch. Compared with the original yarn and sizing yarn, the
wear resistance of sewing thread is significantly improved. With the increase of rubbing times, the strength retention rate of sewing
thread shows a rapid decline and then tends to be flat. When rubbing times reach 30 times, the strength retention rates of F-3, F-4 and
F-5 sewing threads are 12.89%, 28.82% and 18.35% respectively. With the increases of friction distance and yarn tension and the

decrease of friction angle, the number of wear-out of sewing thread decreases gradually.

Key words: continuous alumina fiber; sewing thread; wear; semi-coated structure
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Table 2 Sewing thread related parameters

Number Woven yarn/number of strands Weaving pitch/mm Linear density/tex Weaving angle/ (°)

Coverage coefficient/%

F-3 3 2 684.3 44.5 33.97
F-4 4 6 720 17.5 34.93
F-5 5 19 772.3 5.5 34.79

B A i AR P A2 OV AL R4 T, 2R
[ N £ N S (NN & A N LR B b TR TR0
RSP A i R P R BRI AT O, B SR Y F
#£9 0.22 mm, 54EEFHEHRAYEAR— B BEEK Y

% Crl2MoF., S 2L EfEbr R F, i i
WA S I B, S EE A A, S5
X R[] R 2 L P A0 L 42 i) 4 20) 4% A P R

B3],

Nut J_I_I—Yarn guide hole
' fra] ] ]
P Continuous alumina
i fiber sewing thread
o Guide wheel
\W— Grinding
head I
<+— Weight
Control 8 8=
panel o o +— —>
Elect_rical —> vaN AVAVAY AVAVAY £— Screw guide rail slide
machinery A |

Slider

K2 BEEACERE

Fig. 2 Schematic diagram of friction device

FRAEI R FH 70 em AYIRAE, BF A8 )Lk — i
ML FLEE R, fif IR RRR L [, P a2 a1 )
— USRIk, L U — M 2R E i Rk
5K 1. SEERTFURET, IS Zh S ke i, TP sl Sk
)& K AT B By, 52 BT A 2] 2 1) JEE 45
iR, MAEDNLEEW T, 45 LK, T SR 5% 2) 26 B 442
WEL

T R TUSIE Y, e I B 4 S 0 2 P 2D 4
gk BRI | BEPEIR B | EEHE AR B A S S|
BEE N 0.8 N, 200 YK /min, 100 mm, 75°FF, FHDIR
B ZERE T,

14 SEE&RERIRKRIE

4 3D 8 ERAN B — Fofi fa0, 78 445 Wy e 20) 24 7 B

P 5 AR 58 90 S B A AT L, X A ) 2 B i



5 4 39

PTFE G % 2L A AL R AT e A DN Y BB A TR 71

G HIE S AT MR RAE . SR AT SEM 94l fL S50
SRR AT MU RO R LSRR AE, FE 6 H]
XI5 HL s [ 2 A DT TEANE SR 1
1.5 HifRlEae

I =R GE L)L IEA S R PERE, 18 A
MR EERERE B b X B D) AR AT — 5 WO EE ), A

TR, T8 5 G0 TR AP A 3 ok e AE 48 2] 26 14147
TR, MR ES % GB/T 3362—2017 (reF 4
2R RIS YR ) o PIMREENE 3 B, 7E
B 2] 28 T it SR FH AN 4200 TG FSC At W 4 S fin s -, e
RIS B H 150 mm, THRHEEH 20 mm/min,
Sy 5 1k R 22, BERR AR K 10 A4, 11

FH & AGS-J IKN J7 Res UL AT R e H0H.
o 50mm 150 mm R
I25 mm
T SewinTg thread

Reinforcement film

(IR VAL vy AE]

Fig. 3 Schematic diagram of stretching device

EOAGIEIE PR S

K =2 x100% (1)
o

I KO PLSRE G155 o N IR 82 D) 20 1Y
PARGRE 3 oo AR BEIRSE DN LR AR R

2 FHRE5VWR

2.1 PEIRT4EL % R IR T A R0
2,11 BEOILFR LS L

(&l 4 “hy 4% 1) 2 3% TH P 35 RN 2% T kS AR % 30 ith
2k MR 4 ATH, F-3 882k 4540 — IR B
DRI RE BB MREEY, 0BT
B, GEET R F-4 SR L R S5 R R MIAR A
B EE w2, 422K im

-2) 0.125
o R T,
R g e S
-0.125
0
(b-2) 0.179
GO = | (| a0\ [
P R e e ©
-0.179
(c2) 0.474
o R o R Y T D E ol
Y T = £
-0.474

Kl 4 SEO) LRI SRR IR B 3l £k

WL IS . F-5 8945 R M5 R AR
BRI EEE S S RUEY, ELNTT
KRR, RS LR L, —
WY 2 R R AR R R 8, th FamEsss
14N [ i s i 174) 2 T e AR I8 s R AR TR) o 3 e %of
Fen] LA H, F-3 85928 Tl F-4 88 2) £k R mite R A7
TERUEEYE, ELOEsh 50, I 4E 212 M 45 AR
SE, SR PEREZE AR K M F-5 S5 BRI
ST I, il H R kS AR TC I R, R 20
LT YEAEAE D) S A L ph R IR 2R AR AT ELIR,
e 5 34 S SR AR AT A P T4 B, R 2 2R B2
BN, ANFE
2.1.2  BERUSSEYILFEIESNT L

] 5 o0 = RS2 I1 28 AN [R) S B2 T 1Y H510E
Ao HE S FTLIE M, B BEBERE B, B

4 8 12 16 20 24 28 316
mm

(a)F-3; (b) F-4; (¢) F-5; (1) EREIEH; (2)BRIEshhZE

Fig. 4 Surface topographies and surface fluctuation curves of sewing thread (a)F-3; (b)F-4;
(¢)F-5; (1)surface morphologies; (2 )fluctuation curves



72 o= M

F a4t

[
0
L e
— U
T o
o .

Yerrm felliie £o e e oo e e ccccccccbanan.
LML

K5 =MEEgIZA R BEER AT BEHUE AR EE (a)F-3; (b)F-4; (¢)F-5
Fig. 5 Wear pattern diagrams of three kinds of sewing thread under different friction times (a)F-3; (b)F-4; (¢c)F-5

TR T Y 2 P ) B , S
AR LT RN 2L, 5622k 53, IR 2

& 5(a) Y, F-3 882 2 78 BE 48] 1 5% 2 2%
SRR R, 0 1 2T R B, P34y
TP, LA AR N, % BEER
BN, 3 S R AL SR AP e AR T T, WA
2hhEs ok, HELN LR R, PR A 1
53 P 5 A T D G e, LR B A T 2
SEVS MRy

H & 5(b) % i, F-4 282 AEBE ), 452
SRR AR SRR 5% . MR DL — i T S O
5 S PR 4 e et AR o Sk AR RS B SR
AR LT L 72 R W R, e D) R G5 A5 % R A5 4k, R
BRI R 5, P D . At — R
PESBEIT , S AR LT 2 A T Y, B )28 sk,
S U2 4 ) S AL 5 T I, A5 Kt I

A 5(c)F i, F-5 8821478 B0 0 9 5 3k
F BE A R 2 B AR AR A 4 S B 4, 7E

2ot — B AR EE IR I, 1 S A AR A R A Y,
BEON R AR R, AN L B ANt . 2] 2k
VR 51 i LA PR 41 4 B P, EHLR B BB 19 43
BIER, 5RBEBAHEM L, HiE 205K,
ARITE F-3 ., F-4 Hl F-5 S8 2) 28 B4 5 0 HAK
JR, X = a2 i s B AR . 8] 6 Sl =ik
IR EBE RN B, =R TE 4L R,
LA MR G L B, A [] () 4 24T HE R G 20 £ o
FEAH R A G SR B 24, dn 28U BN, 2D
FEGR LU AR P T AZ 5k DD R, X % R A AR 41 4
A% . WYL B BIE SR E, F-3
F-5 4 2)) 2% () 1 1 A0 B0 47 2 70 BE 85 AR P R 5 F
B F-3 28910 gn T I B /DS, IR T B4 I
S LR AT AR L BE 1 25, A5 =R, Tl
i T F-3 4820 B 20 1 M (98U D KR, 7
VB Sk 55 00 78 20 2 sk, S Sk A% st 7 AR A BEL T
K, XFEE D)2 0 AR A M T, A 2bth i B T
B AT 2D IR 4 . F-5 S8 )40 8L IR K, w4t



44

PTFE G % 2L A AL R AT e A DN Y BB A TR 73

PRI, BN RS O L B0 -5 8 K ] ) EE 52 )
AR, AR TR R S B HA B Z M 8
PRI, M= A g S B G, By th B a5 3 e o IRtk
TS e S8 D) 2 ) 2 B4k 2 WA, ZEHTE3S
AR, BUT A I AR D, PR LR S
VB Sk B Al . BEJR, BRER RIS A AL R AT 4k K

B S R FUSAR,  HAS R 2 I S 1 BE AR
JHIE, BE2 sk AW F-4 56202 T B IF 97
G, AT LD X AT e A 3 F1 N, M S A LA
T2 AT — 5 (A5 T i 1 B 270 28 11 5 Mk A%
IR, M 5 2128 S 2 Jat o, 46 o0 7 PS4 f
SOV

K6 —MagiREpiisingER  (a)F-3; (b)F-4; (¢)F-5
Fig. 6 Wear models of three kinds of sewing thread (a)F-3; (b)F-4; (¢)F-5

22 PE G AT T AT
7 i S A AL B 2T 2 BE A T 25 RO 1 i R
BElEl o Hy B 7Ca) T LAY A i 0L 1) A JBE 45 0 7
Hh, LA AR AT 4 L B R 2% A BB UIR A 22
o K 7(b) B B S s i e rp s Sk o SR A
AR, BB AR 27 3R B R A T W] AR A

2.13

o IR HERr 2GS R v, 27 4R B T Wi e i
TR | BB M1 ™ AN 1 FHAR S Wi 18 25 22 b By 2O 25
(E7(c)~(e)) o MAh, TEEF4E S B2 FE ST R AR
ATRE M TSR, BRI | Kk K BT AR 4
EAE T i T 4 Syl 52 7, 4T 2 PRI R AN )
I, HBLANE 7(F) B B HOR -2 v

= _:‘-“-*aﬁ "
Blocksheddile, ¢

B

K7 LA R AT R R RS RO AR IS () SPEETRL; (b) JEMEBEVR 5 (o) FLi;
(d)HUBEHT s (e ) BB ; (F) BRI T%
Fig. 7 Cross-sections and surface morphologies of continuous alumina fiber after friction fracture (a)fiber breakage;
(b)sizing film; (c)holes; (d)rough section; (e)wedge section; (f)mass shedding

2.2 BERIENLAHEERNZMm
221 BEOEAIRHANGR

P 8 M AN [ 4 7 25 W 4 ) £k B PRSI .
flise g2k Z [ B AT v] Lo bk, B8 R E 2 L5
&l 8 A, L A AR A Y R I LS L S
Xof AT Ik BE R MR A /N, AR B A 2 AT AR

BYm TR, T gezeid R A IS — 2R
JE kD T g U R R BT . F-4 SE L)L
F-5 B2 L isR BEARIR AT, F-3 282403 F-4 4%
DN PLAR R EET/N T 3.10%, 35 Al G2
F-3 8812 th To AT BN, B2 3K T BOR, 1E4%
UL TR AU BEZD RS £ 4 i i s AR, S B0



74 it

HY

L7 S S

3.8
34r

301 248 267 op5g 266 264
26 + £ T T

22¢
181
14+
1.0f

0.6t
Grey yarn Sizing F-3 F-4 F-5

Woven yarn/number of strands

8 BELNRALANR
Fig. 8 Tensile breaking strength of sewing thread

P AR A PTG
222 BEEIUSEELIL BN B RE R

(] 9 Shy 4 2] 28 25 AN [) BE 88 R B0 A r A
TR3EA HY IR 9 TR, AE )20 T A o A 4 R il
5 RS S T4 S B0 B A TR R A

IR LT 10 IR, IR R ¥ &
AT, T = A 2 2 1 5 ﬁ%?iﬁc%@l Fe 2
PER T 50% AAy o UhBHIE S A AL AR 2T 2 R T gn 21
LIS, B . MR 30 R
b, = b 4 2 26 19 9 B AR 5 2 00 i Ol 12.89%
28.82%. 18.35%. FEEEHER BT 30 )5, F-3 il
F-5 S22 s R FE R TP A2 . i B SCadr ]
1, WD) RPN TR I AR S A AR A A, (R
T S E AR LT 4 i T B PR A 22, TR D IR

Tensile breaking strength/
(cN-dtex™")
—

180
(@)

160
140 t /(
120

100
80

|

40t

Number of broken sewing threads

45 60 75 90 105
Friction angle/(°)

400

544 4
120 ‘
1 1 — F-3

1001 & | ——F-4
5 sof .
'g i g.rgy yarn
..é 60 1ZIng
S 40f
]
a 20 r l

0 L

6 1.0 2.0 3.0 4.0 5.0 éO 7.0
Abrasive times
B9 AL Shi Mam R

Fig. 9 Tensile strength retention rate of sewing thread

B oL, s e B b 7™ 5, ot DA BE it
B AR A e e kAR W3 . LA F-3, F-5
LE D) S E AR AR A T S ™, AR B R
SR FEEE PR . F-4 829K AE R
WHGE T 30 G, oo B R R R0 A T R, Ui
F-4 420 21 s M e -

Xt Lt F-3., F-4 1 F-5 45 2) 26 78 BE 82 30 IR Z il
B R A i B A 4 R, AT L R BAE T 10 R EE 4
F-5 SE2) 2 s BT et b, 9 B IR 4 R B AIX
N 45% ., FEFEREIE 20~30 IR Z ]I}, F-3 424k
APPSR T B bR, R OR R BRI 12.1%,
2.3 SRS SEIXT4EL Lk BRI AL RO R0

K10 AR SEE S50 T 45 212 BE Wk B, H
F<1 10 Ca) AT, 48 2004 114 5 DRI VR 55 Bk 5 B8 482 71 1)

225
200
175}
150 |
125}
100 |

75}

50

(b)

Number of broken sewing threads

6 8 1 0 1 2 1 4
Friction distance/mm

360} (©)
320}
280}
240}
200}
160 |

80t
40}

120 \

T i

Number of broken sewing threads

0.4 0.6

0.8 1.0 1.2

Tensile force/N

P10 SEIe 200 A ) 2 I TR 52 )

Fig. 10 Effects of experimental parameters on number of thread breaks

(a) BEEERAIE; (b) EEHEIE G, (c)5k )y

(a)friction angle; (b)friction distance; (¢ )tensile force



5 43

B 2R, iR 2B bRl LLE R A
FE i Kakad /N, AT A A A% )4k B 1 1 RE R AR
SE o HIE 10(b) AJ 1, 482042 1% 5 e v 50 bt 7 8 452
R A B I T T R, M EE AR R B AT 10 mm
B, it 5 PR 42 1 B A 348 i, S 0 2 ) S T VR K o
G218, MIE 10(c) AT, TR SRS, X aE 2 2k
Jiti SR 5K R, B4R Y R oD . Hid Y
K7 0.4 N 78k 0.6 N I, 4% 2] 26 (0 B W v 8
Rt tlt, TR T2 50%.

3 Zig

(O T = FPAS [ G078 45 44 1) i S AR 41
e U 2%, Wt 3TN 4k g 21 R HRE g L R
P, 57 1T R 4 2 A AU A )Xo A ) 2 1 B
P, S22 2 R0 7 5 A0 A [ 1 22 B0 AS [] P it
Vit S o Bt 25 4 2 BB A 388 KRN 2 2L 20 B K 1) 1
Jin, B2 LM 1 4b P BE BTG K L E AR
ZF2f BT VBT R A 1M DRI T SR | B
T AR ZF 2 i v 55 2 Fh BT A28

(2)EB L EE DA R LD Fdk &b, Foir fif
PEREAR A AS B S, (G B 1k S 4 i . FE e
10 R, IR 2D R 2D 34 L W 4, SR 2 2 11 ok J3F
REERIT L RS T 50% it . TE&T
30 WG, — FhaE 226 BT 4% W 2458 5 DR R 43
WN 12.89%. 28.82%. 18.35%, F-4 55 4] 2k 3¢ P
T P S

(3)EEHE A B | R IE By FnZb 2k 1 S50
TERTEE LR PR R — % [ SE IR, BE2) 2 s
VBT R S it PR A% A7) 5 ) M8 T S R o, i A
B FNZb 25K 7 3 I ize /N .

&% Lk

[1] STEINHAUSER U B W, GORING J, et al. A new con-
cept for thermal protection of all-mullite composites in
combustion chambers[J]. Journal of the FEuropean
Ceramic Society, 2000, 20(5): 651-658.

[2] CLAUSS B, SCHAWALLER D. Modern aspects of
ceramic fiber development[J]. Advances in Science and
Technology, 2006, 50: 1-8.

[3] SCHOLZ H, VETTER J, HERBORN R, et al. Oxide
ceramic fibers via dry spinning process-from lab to
fab[J]. International Journal of Applied Ceramic Tech-
nology, 2020, 17(4): 1636-1645.

(4] TR, BRM, BZE EaME 4SRRI E R
[J]. 24144, 2019, 40(12): 169-177.

PTFE G % 2L A AL R AT e A DN Y BB A TR 75

WANG H F, GAO T C, XIAO J. Research progress of
stitching technology of composite materials[J]. Journal
of Textile Research, 2019, 40(12): 169-177.

[5] PFEIFER S, DEMIRCI P, DURAN R, et al. Synthesis of
zirconia toughened alumina(ZTA ) fibers for high perfor-
mance materials[J]. Journal of the European Ceramic
Society, 2016, 36(3): 725-731.

[6] RT, MR, KM, 5. IR ST HE 4 B R T
MR (1], KA TR 2244, 2021, 40(4): 45-51.
WU N, YANG H Y, ZHU C, et al. Effect of twist on
wear behavior of quartz sewing thread[J]. Journal of
Tianjin Polytechnic University, 2021, 40(4): 45-51.

[7] REIFLER F A, SANCHEZ F A L, CLEMENS F J, et al.
Flexible ceramic-reinforced polyurethane composite coat-
ings on synthetic fibers: process of continuous liquid film
coating and its influence on the coating thickness[J].
Composites Science and Technology, 2010, 70(8) :
1207-1213.

[8] XIEK, XUY, SHEN H, et al. Effect of coating process
on morphology, bending rigidity and wearability of
polyester harness cords [J]. Journal of Industrial Textiles,
2020, 50(2): 187-204.

[9] RUDOLF A, GERSAK J, UHELYIOVA A, et al. Study
of PES sewing thread properties[J]. Fibers and Poly-
mers, 2007, 8:212-217.

[10] MA J, FAN B, GAO Y, et al. Effects of Kevlar® 29 yarn
twist on tensile and tribological properties of self-lubricat-
ing fabric liner[J]. Journal of Industrial Textiles, 2017,
46(8):1698-1714.

C11 ) oAbl T 60000 52 G 2P i i I & S AR R AT
[D]. BB BILGTHRAE, 2019.

WANG C C. Product development and property research
of core-spun composite yarn[D]. Wuhan: Wuhan Textile
University, 2019.

[12 ] ZHANG Y, GHASEMZADEH S, KOTLIAR A M, et al.
Fibers from soybean protein and poly (vinyl alcohol ) [J].
Journal of Applied Polymer Science, 1999, 71(1): 11-19.

[13] OGALE A, MITSCHANG P. Tailoring of textile pre-
forms for fiber-reinforced polymer composites[J]. Jour-
nal of Industrial Textiles, 2004, 34(2): 77-96.

[14] FoR%, D), BN Y20 /3035 27 2 AL 20 1 k1
(V). BEEN/ 41 2007(3) - 41-44.

WANG R R, MA C Q, HUANG G. Investigation of
polypropylene/glass core spun yarn[J]. Fiber Reinforced
Plastics/Composites, 2007 (3 ) : 41-44.

[ 15 ] PEREIRA M A, CHIMISSO F E G. Synthetic ropes jack-
ets made of polyester and high modulus polyethylene
(HMPE ) : comparison of abrasion wearing behavior [C]//
The 9th youth symposium on experimental solid mechan-
ics. Trieste, Italy: [s.n. ], 2010: 7-9.


https://doi.org/10.1016/S0955-2219(99)00265-4
https://doi.org/10.1016/S0955-2219(99)00265-4
https://doi.org/10.1111/ijac.13521
https://doi.org/10.1111/ijac.13521
https://doi.org/10.1111/ijac.13521
https://doi.org/10.1016/j.jeurceramsoc.2015.10.028
https://doi.org/10.1016/j.jeurceramsoc.2015.10.028
https://doi.org/10.3969/j.issn.1671-024x.2021.04.007
https://doi.org/10.3969/j.issn.1671-024x.2021.04.007
https://doi.org/10.3969/j.issn.1671-024x.2021.04.007
https://doi.org/10.1016/j.compscitech.2010.03.008
https://doi.org/10.1177/1528083718819865
https://doi.org/10.1007/BF02875794
https://doi.org/10.1007/BF02875794
https://doi.org/10.1007/BF02875794
https://doi.org/10.1177/1528083716631327
https://doi.org/10.1002/(SICI)1097-4628(19990103)71:1<11::AID-APP3>3.0.CO;2-1
https://doi.org/10.1177/1528083704046949
https://doi.org/10.1177/1528083704046949

76 it = M

B W %44 %

[16 ] BAAEIR, FRED5. —AEgmSUE0 a8 R 451 S H A fPERE
[1]. 958124k, 2012, 33(3): 48-52
ZHAO Q J, JIAO Y N. Structure and tensile properties of
2-D braided cored rope[J]. Journal of Textile Research,
2012, 33(3): 48-52.

[17] DAVIES P, DURVILLE D, DO V T. The influence of
torsion on braided rope performance, modelling and
tests[J]. Applied Ocean Research, 2016, 59: 417-423.

[18] K%, PR, E-a bk e & &b 5 EE R RE
ke [J). BEEH/AL A RPRL 2008(2): 16-19.

NIU T J, CHEN N L. Research of the drawing and abra-
sion property of sewing yarn used in composites[J].
Fiber Reinforced Plastics/Composites, 2008(2): 16-19.

[19] FART, BIH. “Ae Ul gese & L E B e Ry
5T (3] RHEE TR 2224412, 2008, 27(6): 11-14.
WANG D N, JIAO Y N. Abrasion properties of 2D
braided carbon fiber sewing thread[J]. Journal of Tianjin
Polytechnic University, 2008, 27(6): 11-14.

[20] MUNSHI V G, PAI S D, UKIDVE A V. Studies on abra-
sion of sewing threads with scanning electron
microscopy [J]. Textile Research Journal, 1982, 52(12):
776-779.

21 ] INVEIE, TR A SEDILR IR SR DI B Y AR A
t5E L], PRSI T4R, 2002(3): 81-84.

SUN B Z, NING F J. Investigaition on surface character-
istic of sewing thread after and before sewing[J]. Mel-

liand China, 2002(3): 81-83.

= A

[22] &7, fast, EETHE, % —F B LTS A R 2

5 5 4k J) 2 1 i £ J 15 0 CN202211353684.4[P).
2022-12-30.
WU N, MENG Y, HOU Q L, et al. Preparation method of
continuous alumina fiber composite sewing thread with
semi-coated structure: CN202211353684.4 [P]. 2022-12-
30.

[23 ] HE2205, PV, TS B AOR BT (7], B OR
AR CHAARFAMD, 2009, 22(1): 62-67.

CUIL F, SUN Y X. Study on wear-resistant self-lubricat-
ing materials[J]. Journal of Liaocheng University (Nat
Sci), 2009, 22(1): 62-67.

[24] BUENO M A, LAMY B, RENNER M. Effect of grain
size and abrasion duration on the state of textile fabric
surfaces[J]. Wear, 2002, 253(3/4): 448-457.

[25] TOURLONIAS M, BUENO M A. Experimental simula-
tion of friction and wear of carbon yarns during the weav-

ing process[J]. Composites Part A, 2016, 80: 228-236.

R H 92 2023-12-29; 1517 H - 2024-01-29

BT E < K HE T I S 50 = B # A 5E 3 H (22HHXCIC

00007)

WIRES: =T (1981—), 5, i+, BIFFSE 6, W5k

Tk B AT 2 S 2 BRI T BB PRI Sk | 254045

EAFIRL, R Mk KT P IXORS a A S K P I 399 5

KTl K2£(300387), E-mail: wuning@tiangong.edu.cn
(WA 1BKAE)


https://doi.org/10.3969/j.issn.0253-9721.2012.03.011
https://doi.org/10.3969/j.issn.0253-9721.2012.03.011
https://doi.org/10.1016/j.apor.2016.07.003
https://doi.org/10.3969/j.issn.1671-024X.2008.06.004
https://doi.org/10.3969/j.issn.1671-024X.2008.06.004
https://doi.org/10.3969/j.issn.1671-024X.2008.06.004
https://doi.org/10.1177/004051758205201206
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.3969/j.issn.1672-6634.2009.01.018
https://doi.org/10.1016/j.compositesa.2015.07.024
mailto:wuning@tiangong.edu.cn

	1 实验材料与方法
	1.1 实验材料
	1.2 缝纫线试样制备
	1.3 耐磨性实验
	1.4 缝纫线表面形貌表征
	1.5 拉伸性能

	2 结果与讨论
	2.1 磨损对缝纫线宏微观形貌演变的影响
	2.1.1 缝纫线表面形貌对比
	2.1.2 磨损后缝纫线表面形貌对比
	2.1.3 单丝摩擦磨损断面分析

	2.2 磨损对缝纫线拉伸强度的影响
	2.2.1 缝纫线初始拉伸强度
	2.2.2 磨损后缝纫线的拉伸强度保持率

	2.3 实验参数对缝纫线磨损性能的影响

	3 结论
	参考文献

