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STUDY OF MECHANICAL PERFORMANCE OF HYBRID WOVEN FABRICS AS POTENTIAL REINFORCEMENT IN COMPOSITES
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ABSTRACT
This work compares the porosity, puncture, tensile and stiffness properties of two novel hybrid woven fabrics with two basic woven fabrics (matt and 6 ends Satin). The fabrics were developed using a natural fibre Jute yarn on rapier dobby machine present in a in-house lab. The tests were performed on a universal testing machine and circular bend procedure stiffness tester. The satin weave showed maximum deformation during a puncture test. Moreover, the hybrid weave demonstrated improvement in tensile property during a tensile test. The stiffness of hybrid weave is better as compared to other fabrics. 
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INTRODUCTION
The fabric can be of different types based on design and construction parameters. The basic types of fabric can be categorized as woven, braided, knitted and non-woven (Grosberg, 1966). The variation in fabric architecture influences the mechanical properties of the woven fabric (Booth, 1961). The crimp of the weave structure is also pivotal in deciding the tensile strength. Theoretically, plain weave has high crimp as compared to satin weave. The more the crimp amplitude in the fabric, the less will be the tensile strength. This causes a less contribution towards the tensile force and inter-yarns get more entangled (Saiman et al., 2014). 
Hybridization of yarns in a weave structure by using different fibers can be beneficial in obtaining optimum mechanical performance structures to save cost (Andrew and Arumugam, 2017). The hybrid natural woven fabric can be potentially used in composite for aerospace and construction and low velocity impact applications. In this study, the porosity, puncture resistance, tensile and stiffness properties of natural fiber based woven fabrics from two different novel hybrid woven fabrics, with the combination of longer and shorter yarn floats, and two (2) basic woven structures are studied. 
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RESULTS AND CONCLUSIONS
The results showed a significant effect of weave structure on the mechanical properties of developed fabrics as shown in Table 1. The porosity is linked with the areal density of the fabric. The Matt weave with lowest areal density shows the highest porosity and sample with highest areal density shows the lowest porosity. The results of puncture and tensile tests are shown in Fig. 1. Multiple peaks are present in the load extension curve during a puncture test showing the breakage of filaments. The Matt weave show least penetration resistance and can be linked to high porous structure. Moreover, the Satin weave with loose structure show highest peak load during a puncture test. It is found that the Matt weave show the least tensile strength in the warp wise direction. However, the hybrid weave (consisting of combination of Matt and Satin weave) shows the maximum peak load due to the presence of a compact part in its weave structure (matt weave). The results can be attributed with the presence of crimp amplitudes in the woven structure. It is found that the more the crimped structure the less will be the tensile strength. Furthermore, the sample with a loose and tight part in its weave structure (Hybrid weave consisting of combination of Satin and Matt weave) shows the highest stiffness. The Satin weave having a loose structure showed the least stiffness.
Table 1 Mechanical properties of developed woven fabrics

	Structure
	Porosity
	Puncture load (N)
	Tensile Stength
(N)
	Stiffness (gm)

	S1 (Hybrid A)
	76.2 %
	267
	1148
	18655[image: image2.png]




	S2 (Matt)
	82.5 %
	132 
	798
	15145 

	S3 (Hybrid B)
	81.0 %
	231
	1105
	11312 

	S4 (Satin)
	79.72 %
	275
	961
	10827 
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Fig. 1 Load extension curves of a) Puncture test b) Tensile test (warp wise)
This study shows that there are substantial differences on the mechanical properties by using weaves of different architecture. In the prospective future work these fabrics will be applied as a reinforcement and mechanical characterization of the composites will be studied later.
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