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Mesoscopic Contact Behavior between Carbon
Tows and Round Roller

WANG Yu'?, JIAO Yanan"?, YANG Zhi'?, XIE Junbo'?, WU Ning"”’

(1. Ministry of Education Key Laboratory of Advanced Textile Composite Materials, Institute of Composite Materials,
Tiangong University, Tianjin 300387 China
2. School of Textile Science and Engineering, Tiangong University, Tianjin 300387 China)
Abstract: Textile composites have been widely used in aerospace, automotive, shipbuilding and construction fields due
to their high specific strength, high specific modulus and high designability. Preform is the reinforced skeleton of textile
composites, and tows, as the basic unit of preform, lose up to 5%~30% of its mechanical properties due to friction,
compression and bending in the process of weaving and forming. Among them, the mechanical properties loss rate due
to friction is as high as 9%~12%. However, researchers have conducted the friction and wear behavior of tows using
different methods, the contact mechanism of tows in the process of friction and wear is still unclear. Different forming
conditions of preforms will result in different contact surface morphology of tows, which seriously affects the
mechanical property of preforms. Therefore, it is necessary for the study of friction mechanism to explore the contact
mechanism between carbon tows and round roller. The contact area of tows is determined by the contact behavior of
numerous fibers. Researchers have carried out a sea of research on the arrangement mode and mechanical properties of
fiber in tows, but the quantitative relationship between the arrangement mode of fiber and the contact area of tows is

rarely studied. In order to improve the prediction accuracy of tow's contact area, a self-designed experiment device was
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used in this paper. Combined with the thin film indentation method, three-dimension (3D) surface morphology of the
contact surface of tows was analyzed, and the effect of different pre-tension and contact angle on the contact area
between carbon tows and round roller was studied. In consideration of fiber orientation, the theoretical prediction model
of the contact area between carbon tows and round roll was established. Experimental value, Hertz model and modified
model were analyzed by the test of significance. The results showed that the orientation of tows in the contact surface
was a key factor of the contact area. When the contact angle increased from 60° to 170°, the orientation of tows
decreased gradually, the contact area between carbon tows and round roller decreased gradually, and the contact area at
the contact angle of 60° was 22 times than 170°. When pre-tension increased from 0.19 N to 1.47 N, the orientation of
tows increased gradually, the contact area between carbon tows and round roller increased gradually, and the contact
area at the pre-tension of 1.47 N was about twice than 0.19 N. According to the probability of significance testing, the
modified model could accurately predict the contact area between carbon tows and round roller. And it deemed friction
behavior of tows should be studied by using the contact model considering the orientation of fiber in tows. As a key
factor affecting the friction and wear behavior of the tows, the contact area of the tows was significant for the forming of
composite materials. However, the contact behavior of tows and round roll was the result of the comprehensive influence
of various factors. In this paper, the influence of different pre-tension and contact angle on the contact of tows was

merely analyzed. In the future, the diameter of round roller, the roughness of the friction pair and the physical properties

of tows will be discussed to further reveal the friction and wear mechanism of tows.

Key words: carbon tows; contact area; contact angle; pre-tension; Hertz contact

SRS R ST A AR R A LR B e LU A
AW SR S AL ) V2 N TS R IR
RN S T RE A 4TUR . R 4 Tk 12 B A R 3
SRR A, T AT 4 SRAE D TR AR 1 AR T, 7R 28 R
AU 3o R 52 B R R 4 RN S 3 S5 3 B0 S ke
PR BIE5%~30%"". Jorh, BT B 5 B0 M RE
PR IR 9%~12%" ", PRIk, Xt £F 2 i AE L i 72
Hh B 458 BB AR (RO T R M S PR £ A

H T, 27 2 o R P B 401 i B 98 7 V2~ A
PEM, GeAE" e BT R IR A A
AR RUEIE TN B RS [R) 5 100t £ 4 R
FEHR BERRAT AT T RS I, (H T4 o 7 BE 2 B 451
T R e A AL A S B R RO, A AU A R
PR A B0 (SR [ 1 5K 0 T 5 ) BE R G e L, BT T
ANTEI SRR T3 B £ 4 o 1) BE ¥ ) F o5 4 T FR A, 2
TG (AR G, SIE B T 2 IR AR 6. Peng " BIE T 1 Bk £
Y SR EE AR T LA, 2 B 2 44 B 1) 2 o o A P 28 A 2
i L R AR AR AL 1 BRI K. Cornelissen s Mt Re
TOPAT B A TN A 4 A B BE R )oK T TR BB
fish 2% P TS PB4 7 10 3 B I IR Ak T AR AR BT DA
R AT GG SR AT H 2T A o f i R R R B AT
NIRRT

S b A 24 o fh T R B A TR R 2 () f
AT RRGE [, 3SR W IR P 5 22 MERR 7 U B 22 (1)
JIEREE, BN LR T — RV 78 Bowden
FTabor5 "k LT 4 %2 11 5 45 R AR AT R AR T, XAl
15 o TR ik T P R 22 HE AT W R 445 Mulvihill

SRR B I8 R e RAHRE 5 i T
FRLE2 R R, R IR ARV ) OB I OR, B2 I
fi T AR 5 B TS {E 2 7] 25 53 W 85k, Tourlonias®5!" ™ (g
BF 70 45 SR 2 W 5 22 1) BAT KRG -&/E FH HL PR 22 35 fiuh £ 2
ROCHT A AN fe K. _EIRWF AL | v S5 AR
P A T 1) R BB 3R, IR BH T 22 P fh T ARON A 4 R
fo T B A R B g B o, (R B e R S o
Y R T AR 2 TR B A G R IR LD

N T IR TR 2 ST, B AT A AR A T R
TS BE, A SR R o ik b B8 7 i 7y 2
2 3 [vi) B A B 22 2 f TR AR s 45 FH B o) BE AR AL, I e
B, WAL T AR R i A B2 S IO sk ) 54 T Bk 4 4
IR [BR6  A) 0) f THTRR A A AR =8 i o 2 ) 5
LT g 2T o o -5 R A D AR P RO TR AL AL, S 2R
Tk R R R R AT AT B AL VS SR A

1 REESD

1.1 RIEMRE

21 o SRR ER 0 R AT 4 AT TR A ) ) 3 1 B
R4 R (TZ-12K), HAERRFRARFI T 3R 1. Ak e v JE R
A H 0 1L 42 B 3K BLRE A BR 2 71 267 (I MCDAS AL
FERZ (L EET:5).
1.2 R E

H 1 () Pt 2 B R = B TR, SCARNG [ o
B #8 5 SRR IR, B2 RS SR
T [A) — 7K T LS5 2 43 A E 4 ful 4 i ], 0, 4
o SR o 43 A1) 5 [ SRR RE A S 4, o B e AN



328 i O E R VR
R RAHRMEEIRR
Table1 Performance index of carbon tows
Sample Young’s modulus/GPa Fiber diameter/um Number of tows Tensile strength/MPa Width/mm
TZ-12K 300 7.2 12 000 5500 5+0.5

(a)

Fixed roller

Frame w——p (8 Weight

Thread guide roller

Carbon tow

-

-

Cont_act.'ra_lll‘g:v

Fig. 1 Experimental rig: (a) schematic of the experimental rig; (b) schematic of tows mesoscopic contact; (c) schematic
drawing of tows mesoscopic contact
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Table 2 Main parameters of experiment

Serial number  Contact angle/(°)  Pre-tension/N  Length of tows/cm

0 - . .
1 60 0.98 50
2 90 0.98 50
3 130 0.98 50
4 150 0.98 50
5 170 0.98 50
6 150 0.19 50
7 150 0.39 50
8 150 1.47 50
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Table 3 Hertz contact area between carbon tows and
round roller under different contact condition

Contact Parameter L R* E* a A,
parameter value /mm /mm /GPa /mm /mm®
60 1254 6.38x10° 106.61
90 9.40 5.60x10°  74.74

Contactangle/(°) 130 522 3.6x10° 17.39 4.20x10° 34.98

150  3.13 2.87x10° 17.82

170 1.04 1.50x10°  4.13

0.19 3.3 1.48x10°  10.42

039 3.3 3 1.92x10°  13.13
Pre-tension/N 3.6x107 1739

098 3.3 2.87x10° 17.82
1.47 3.13 333107 20.40
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Fig. 15 Comparison of Hertz model and experiment contact area under different contact angle and pre-tension
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Fig. 16 Hertz model, modified model and experiment contact area under different contact angle and pre-tension

16 N [FlEefih £ B 5 TUINBK 77 46 A Hertz Bl A A cipdk A8 780 556 B 79 12z i T A2

T4 TERMEMMEGIRTHER-ER e EMER
Table 4 Modified contact area between carbon tows and
round roller under different condition

Contact Parameter  Parameter value  L'/mm R'/mm A/ 'mm’
60 1338 3.5837x10°  113.61
90 9.60 3.5802x10°  76.15

Contact angle/(°) 130 527 3.5792x107 3520
150 3.14  3.5786x10°  17.81

170 1.05  3.5785x10° 413

0.19 313 3.5789x10°  10.78

0.39 3.14  3.5787x10°  13.59
Pre-tension/N 5

0.98 3.14  3.578 6x10 18.47

1.47 3.14  3.5785x10°  21.15

R WA MR, 183 Tukey 2 35 MEAG 36 7 165 =
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AN Hertz 2 il 5 41 5 1 B0 B 20 o B — U1,
TR A7 2 R Al AT A S R o, R A 25 RE 41 4o
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Table 5 Tukey-test parameters of three models under
different contact condition

Tukey-test probability

Contact Parameter

Ex-Hertz Ex-Mod
Contact angle 0.87 0.92
Pre-tension 0.77 0.89

Note: Ex-Hertz represents experiment and Hertz model; Ex-Mod represents

experiment and modified model
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