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Influence of spreading process parameters for large-tow carbon fibers

on spreading width and fiber breakage rate
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Abstract: To investigate the influence of process parameters on spreading width and fiber breakage
rate during mechanical roller spreading of large-tow carbon fibers, single-factor experiments were
firstly designed within the adjustable range of spreading equipment parameters, to preliminarily
assess the effects of each parameter on spreading width, and to screen suitable factors and determine
their parameter ranges for subsequent response surface analysis. Subsequently, based on three
identified key factors — fiber wrapping angle, vibration frequency, and machine speed — response
surface analysis experiments were conducted with spreading width and fiber breakage rate as
responses to analyze and optimize the mechanical roller spreading process parameters. The study

revealed that fiber wrapping angle, vibration frequency, and machine speed significantly influenced

FEATH R E SO AR (2022YFB3704500) 5 F s g AL 3L AR 4535 H (2232023G-06)

WA H 4 :2024-04-18

EZ TN RO I, 20,2001 4548 FRiseml oAz WFSE 7 1 R 4 8052 B M8, gaoxinyue0922@ 163. com
WAGEVER  RRZE, 2%, WF 9T 07 1 A AT AR 7= 25 U K 9782 A 8K nlch@ dhu. edu. en



£43%
2025 £F 11 85

FUHMAE
Technical Textiles

g AESHA

both spreading width and fiber breakage rate, with the fiber wrapping angle exerting the most

significant impact. Regarding interactions, the interaction between vibration frequency and machine

speed significantly affected spreading width, while the interaction between fiber wrapping angle and

vibration frequency notably influenced fiber breakage rate. Optimization results indicated that within

the tested parameter ranges, optimal spreading width and fiber breakage rate were simultaneously

achieved at the fiber wrapping angle of 35.4°,

speed of 4 m/min.

the vibration frequency of 8.4 Hz, and the machine

Keywords: large-tow carbon fiber; mechanical roller spreading; response surface analysis; fiber

wrapping angle ; vibration frequency; machine speed; spreading width; fiber breakage rate
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Fig. 1  Pictures before and after spreading
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Fig.2 Schematic diagram of large-tow carbon fibers spreading equipment
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Fig.3 Schematic diagram of fiber wrapping angle
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Tab.1 Single-factor experimental design scheme

LFYEtufa/ (°) PRSI/ Ha HLiHE/(m-min™") JELIREE/C iR Zg5Kk J1/cN L5585k J1/N
20,30,40,50 5.0 6 160 98 88

20 3.3,5.0,6.7,8.4 6 160 98 88

20 5.0 4,6,8,10 160 98 88

20 5.0 6 150,160,170, 180 98 88

20 5.0 6 160 88,98,108,118 88

20 5.0 6 160 98 88,108, 128,148
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Fig. 4 Schematic diagram of principle of hair filament

adsorption device
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Fig.5 Effect of fiber wrapping angle on spreading width
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Fig. 6  Effect of vibratin frequency on spreading width
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Fig.9 Effect of unwinding tension on spreading width
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Fig. 10  Effect of winding tension on spreading width
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Tab.2 Experimental design scheme for response

surface analysis

K HE A HZE B SN
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Tab.3 Experimental results of response surface analysis
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FFs a4k k3 ML/ Y 24
HFf/(°) B/ Hz (m-min™') T /mm Wiz %

1 40 5.0 8 34.7 0. 54
2 50 6.7 8 43.1 1.67
3 40 8.4 8 37.0 0.92
4 40 8.4 4 4.7 1.18
5 40 6.7 6 37.0 0.72
6 40 5.0 4 38.1 0.78
7 50 5.0 6 42.9 1.33
8 40 6.7 6 36.0 0.63
9 50 8.4 6 47.0 1.87
10 30 6.7 4 37.1 0.58
11 40 6.7 6 36.5 0.81
12 30 5.0 6 31.5 0.34
13 40 6.7 6 38.0 0.74
14 30 8.4 6 36.2 0.50
15 30 6.7 8 32.0 0. 46
16 40 6.7 6 37.2 0.74
17 50 6.7 4 46.5 1.71
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Tab.4 Quadratic model ANOVA for fiber bundle spreading width

Kl - J5 H ¥ 5 F{H P{H B
s 341. 46 9 37.94 76.33 <0.000 1 Ew nE
YA (A) 227.91 1 227.91 458. 51 <0.000 1 e[S aTES
PRI (B) 39. 16 1 39. 16 78.78 <0.000 1 ew 2
ML (C) 48.02 1 48. 02 96. 61 <0.000 1 EHBE
AB 0.090 0 1 0. 090 0 0.181 1 0. 683 2
AC 0.722 5 1 0.722'5 1.45 0.267 1
BC 4.62 1 4.62 9.30 0.018 6 B
A? 12.97 1 12.97 26. 09 0.001 4 EwnE
B? 2.09 1 2.09 4.21 0.079 3
c? 4.04 1 4.04 8. 14 0.024 6 W
2% 3.48 7 0.497 1
KA 1.21 3 0.402 5 0.708 6 0.595 3 NTE S
a2 2.27 4 0.568 0
psP=3 344. 94 16
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Tab.5 Quadratic model ANOVA for fiber breakage rate
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PR (B) 0.273 8 1 0.273 8 54.48 0. 000 2 [ 4T E
ML (C) 0.054 5 1 0.054 5 10. 83 0.013 3 e
AB 0.036 1 1 0.036 1 7.18 0.031 5 e
AC 0.001 6 1 0.001 3 0.318 4 0.590 2
BC 0.000 1 1 0.000 1 0.019 9 0.891 8
A? 0.316 1 1 0.316 62. 90 <0.000 1 Ew nE
B? 0.002 4 1 0. 002 4 0.482 6 0.509 7
c? 0. 059 1 0. 059 11.86 0.010 8 W
B 0.035 2 7 0. 005
S 0.015 3 3 0.005 1 1.03 0.470 1 ENTES
a2 0.0199 4 0. 005 50
B 3.56 16
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Fig. 11 Effect of the interaction between two factors on the spreading width
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Fig. 12 Effect of the interaction between two factors on the fiber breakage rate
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