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Modeling of radial carbon rods weaving 3D preforms and influence of structural parameters
YANG Ning, LIU Feng, DU Wudi, WU Xiaochuan, MING Yu, WANG Chiteng, HU Peili
(State Key Laboratory of Advanced Forming Technology and Equipment, China Academy of Machinery Science and
Technology Group Co. Ltd.,Beijing 100083, China)

Abstract : Unlike the unit cell structure of conventional 3D braid, 3D woven, and other preform components, the unit cell
structure of carbon/carbon composite preforms fabricated by the radial carbon rods weave method changes with the radial thickness
of the preform. This leads to difficulties in predicting the fiber volume fraction of the preform and in designing the forming process
parameters related to preform structural control. To address the above issues, a mathematical model for the unit cell structure of
carbon/carbon composite preforms produced by the radial carbon rods weave method, and algorithm for predicting the fiber volume
fraction of the preform have been established. By comparing the test samples of woven preforms with the predicted values from the
mathematical model, it was found that the outer dimensions were generally consistent, the number of preform layers matched the
predicted values, and the relative error between the fiber volume fraction of the preform and the model's predicted results was
3.10%, verifying the correctness of the established mathematical model and the accuracy of the fiber volume content algorithm.
Using the established mathematical model, the influence of two structural parameters—the axial center distance of the guide rods
and the circumferential angle between the guide rods—on the formation of preform layers and fiber volume content was investigated
under identical dimensional conditions. Typical structural parameters were selected to fabricate preform test samples, in which the
number of preform layers and outer dimensions matched the predicted results, and the relative error between the actual and predicted
fiber volume fractions did not exceed 5.05%. This further validated the mathematical model and the prediction of the influence laws
of structural parameters.
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Fig. 3 Diagram of axial yarn cross-section of unit cell structure
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Tab.1 Comparison table of predicted and actual measured values

of preform
. . Axial
Preform parame- Outer diam- Inner diame- . Number of
height/
ters eter/mm ter/mm layers
mm
Predicted value 70.812 30 36 28
Actual value 70.192 30 38 28
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Fig. 9 Physical image of radial carbon rod weaving preform
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