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Effects of fiber flow lay-up on mechanical properties of jute/polypropylene composites based on
finite element simulation
WANG Qingtao', MA Yunlong', WANG Jiangang”, WANG Chunhong', QIAN Xiaoming', DENG Hui', WANG Lijing'
(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China;
2. Shaoxing City Quality and Technical Supervision and Testing Institute, Shaoxing 312366, China)

Abstract : In order to improve the mechanical properties of jute/polypropylene (PP) nonwoven composites, a new continuous
fiber lay-up forming system was designed and used to prepare the jute fiber reinforced lay-up net as the reinforcement layer of the
nonwoven composites, which was stacked on the upper, middle and lower layers of jute/PP nonwoven fiber net. Then the fiber flow
lay-up reinforced jute/PP nonwoven composites were made by hot pressing. Based on the mechanical properties tests and finite
element simulation analysis, the influences of the fiber flow lay-up reinforcement method and different reinforcement layer positions
on mechanical properties of the composites were analyzed, the damage mechanism was also analyzed, and the accuracy of the finite
element simulation software in simulating the mechanical properties of the composites was explored. The results show that the
composite has the best flexural and tensile properties when the reinforcement layer is placed on the upper layer of the composite.
When the reinforcement layer is on the upper, middle and lower layers, compared with the composite without reinforcement layer,
the flexural strength increases by 110.30%,39.44% and 76.97% respectively, and the tensile strength increases by 39.33%, 12.55%

and 39.33% respectively. The finite element analysis software was used to establish the model for simulation analysis. The results
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show that when the reinforcement layer is placed on the upper, middle and lower layers of the composite, the relative error between

the simulated data and the actual test data is 11.73%, —11.37% and 4.37% respectively, which indicates the simulated data are basi-

cally consistent with the experimental data. At last, the damage mechanisms of the composites with different reinforcement layer

positions were analyzed by combining the stress cloud diagram. This fiber flow lay-up method significantly improves the flexural

performances of the composites and provides a new reinforcement lay-up method for natural fiber reinforced resin nonwoven

composites.
Keywords : fiber flow lay-up ; jute fiber ;
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Tab.1 Data comparison between actual flexural stress and simulat-

ed flexural stress of jute/PP nonwoven composites

Reinforcement Actual stress Simulated stress Relative
layer position value/MPa value/MPa error/%
The upper 75.44 84.29 11.73
The middle 54.08 47.93 -11.37
The lower 60.38 63.02 4.37
No reinforcement 33.71 30.67 -9.02
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