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Finite Element Simulation of Friction Damage between Eyes of
Carbon Fiber and Copper Coated Heald Wire during Opening
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Abstract:In order to reduce the damage caused by friction between carbon fiber bundle and heddle eyes during
weaving, a method of non-ferrous metals copper plating in heddle eyes was put forward. The stroke of friction between
carbon fiber bundle and heddle eyes during the opening process was calculated first and partially selected for damage
analysis. The simplified model of carbon fiber bundle was established by unit volume method and the model simulation
analysis was carried out by the finite element software ABAQUS. The simulation results were compared with the
experimental data to verify the correctness of the model. The progressive damage model was used to analyze the damage
of carbon fiber bundles when rubbing against different metal materials, which indicates that the friction damage between
the heddle eyes and the carbon fiber bundle was reduced after copper plating.
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Figure 1  Elongation of bundle at

equal tension shed
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Figure 2 Physical picture of T300-3K carbon fiber bundle
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Figure 3 Three-dimensional model of copper-plated
heddle eyes and carbon fiber bundle
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Figure 4  Simplified model of carbon fiber bundles
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Table 1

dimension of carbon fiber bundle

Simplified model geometric

K L/pm JEIE H/
75.0 28.0 9.0
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Figure 5 Tensile stress cloud diagram of
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Figure 6 Method of bundle tensile test
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Table 2 First group of carbon fiber

bundle tensile test data

i W /%  PffidRE/MPa  SfYERTR/GPa
1 2.300 5310.0 234.0
2 2.100 5090.0 238.0
3 2.300 5550.0 238.0
4 2.200 5150.0 235.0
5 2.100 5020.0 242.0
6 2.400 5 440.0 230.0
FHE 2.200 5260.0 236.0
bR S 0.120 210.0 4.1
BMAKC,/%  5.400 4.0 1.7
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Table 3 Second group of carbon fiber

bundle tensile test data

ErRss WIZdAE /%  BLMGRE/MPa  HHEAR I/ GPa
1 2.200 5430.0 246.0
2 2.300 5570.0 244.0
3 2.400 5370.0 224.0
4 2.400 5480.0 233.0
5 2.200 5180.0 236.0
6 2.300 5370.0 234.0
FHIE 2.300 5 400.0 236.0
bR S 0.089 130.0 8.0
BHAERC/ % 3.900 2.4 3.4
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Table 4  Third group of carbon fiber

bundle tensile test data

Ny

% WRGEMAR/% R/ MPa BPESIE/GPa

1 2.000 4590.0 234.0
2 2.000 4 640.0 233.0
3 2.000 4940.0 248.0
4 2.100 5000.0 239.0
5 2.100 4930.0 239.0
6 1.900 4 480.0 230.0
SFHMH 2.000 4760.0 237.0
PRfEE S 0.075 220.0 6.4
BEREC/%  3.700 4.6 2.7
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Figure 7 Structure of progressive damage model
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Figure 8 Pretreatment of finite element
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Figure 9  Abrasion stress cloud diagram of
copper and resin-based carbon fiber
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Figure 10  Abrasion stress cloud diagram of

aluminum and resin-based carbon fiber

Jot, 0 B — 5 i BE I 2 7 A [ 5 B G R D /N5 AT o
PR , 7R 25 22 R R A T AAT 2000k U ik 2T 2 22 A T
G5 1 A A BE A0 1, 0D T BT I DL A A o
4 Z5iE
PO 7AW N R e LR 22 IR N A 1
BRI BT YR 22 RN BE A, I8 W2 s DL
(T#% 23 W)



