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Influence of lock-stitching technology on formation of flexible guided three-dimensional fabric loops
YU Xianglei"?, ZANG Yong', HU Peili’, LIU Feng’
(1. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. State Key Laboratory of Advanced
Forming Technology and Equipment, China Academy of Machinery Science and Technology Group Co., Ltd., Beijing 100083, China)

Abstract : Locking yarn process is an important process of three-dimensional fabric forming, which determines the fiber
volume fraction of three-dimensional fabric and affects the mechanical properties of three-dimensional fabric. To achieve high-
quality Z-direction yarn locking in 3D woven fabrics, the damage mechanism of the residual tensile strength of yarn locking loops
during flexible guided 3D weaving was investigated. A novel three-dimensional fabric loop forming wear test device was designed.
The effects of different forming process parameters such as yarn insertion speed, latch needle diameter, yarn K-number and yarn
insertion force on the residual tensile strength of the loops were tested. Tensile tests were employed to evaluate the residual tensile
strength of loop, and a predictive model was established to correlate yarn insertion force with the residual tensile strength of the
loops. The results show that the residual tensile strength of the loop is not affected by the yarn insertion speed that can be increased
to achieve efficient weaving. The residual tensile strength of the loop is significantly reduced due to the poor bending resistance of
the fibers with the diameter of the latch needle less than 0.3 mm, which provides a basis for the design of the latch needle. When the
fiber K-number is less than 6 K, the residual tensile strength of the loop decreases slightly with the decrease of the fiber K-number.
When the fiber K-number is greater than 6 K, the residual tensile strength of the loop decreases significantly with the increase of the
fiber K-number. There is an exponential relationship between the yarn insertion force and the residual tensile strength of the loop,
and the maximum relative difference between the predicted value and the actual value is 7.48%. This study provides essential data
support for achieving high efficiency and high quality lock yarn in 3D woven fabric manufacturing.

Keywords : carbon fiber ; three-dimensional woven fabric ; yarn locking process ; forming process parameters ; yarn loop
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Tab.1 Parameters of yarn loop forming test process

Test group Traction force/kg Diameter of latch needle/mm Fiber K-number/K Yarn drawing velocity/(mm+min ")
A% 0.2 0.3 6 6/60/120/180/240/300
D 0.2 0.1/0.2/0.3/0.4 6 60
K 0.2 0.3 2/4/6/8/10/12 60
F 0/0.2/0.4/0.6/0.8 0.3 6 60
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Tab.2 Comparison of predicted and actual values of yarn loop

residual tensile strength

Fiber K-number/ Traction  Predicted Actual Relative
K force/kg  value/MPa value/MPa difference/%
8 0.37 3148 3326 5.35
10 0.49 2917 2987 2.34
12 0.56 2732 2 540 7.56
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