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Abstract. Hybrid fabrics are represented by their excellent
mechanical and structural properties as compared to conventional
metals, which results in their increased functions especially for
structural, aerospace applications, automotive, defense as well as
sporting industries. In this paper the hybrid fabric (Jute, glass,
carbon, Kevlar) composites are prepared by hand layup method
and then vacuum bagging is used to avoid voids. The hardness,
impact and machinablity test are performed by Rockwell hardness
testing machine, Impact testing machine and Drill tool
dynamometer respectively. From the results it has been observed
that different parameter affects the hardness, toughness and
machining of composites
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I. INTRODUCTION

Hybrid fiber reinforced composite material plays
vital function in all fields [1]. The reinforcement of
composites makes a decision of uniqueness of the material.
Synthetic fabric reinforced composites in comparison with
natural reinforced fabric, possesses high structural and
mechanical properties. The clarification for this problem is to
use combination of natural fabric and synthetic fabric.
Hybridization helps to enhance the overall mechanical
properties of the material. Natural hybrid fabric, which
includes two relatively thin and stiff faces bonded to a low
density core, offer many gains such as high tensile strength
and hardness, excellent thermal and acoustic insulation
properties, and high specific energy absorption. Due to
escalating global contest, a number of industries have a
sturdy need to establish an superior hybrid fabric for light
weight, with appreciably higher tensile strength and bending
stiffness.

Il. MATERIAL USED

Many novel research works have been found on natural fibers
and synthetic fibers composites. It has been found that the
mechanical properties like Tensile, compression, flexural
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strength depends on the reinforcement and fabrication
method. Jute/Jute/Kevlar fibers have found better properties
in military and automobile applications [2].

Fabrication of laminates

Test laminates of composites 300 mmx300 mm were
made-up to arrange experiment specimens by Hand lay-up
process followed by Vacuum bag method to avoid air gap
between the laminates.

Jute fabric 500gsm, E glass fabric
200gsm, carbon fabric 200gsm &
Kevlar fabric200gsm.

Reinforcement

Matrix:

Reinforcement ratio 35:65
Molding method Hand lay-up 1;)0||0\_Ned by Vacuum
agging

Epoxy Resin (lapox L-12 Atul Itd) &
Hardener K-6.
Hardener and resin System Preparation
Hardener and resign were varied in a ratio of 1:10 by volume.
Reinforcing material Preparation
The fabric used was Jute fabric of 500gsm, E glass fabric
200gsm, carbon fabric 200 gsm & Kevlar fabric 200gsm in
the structure. The fabric structure is spread over plane surface
and required dimension of 300 mm x 300 mm is cut
manually. Necessary layer of material be slice to obtain the
necessary laminates thickness.

LT

Matrix Material

Fig 1: Jute fabric plain view 500gsm and E-Glass
Fabric 200gsm

Fig 2: Carbon Fabric 200gsm and Kevlar Fabric
200gsm
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e Number of layers of fabric for the composite Fig 4(i,ii,iii) : .Geometry, Dimension of composite
laminates specimen for hardness, impact and Machinability test
Table 1: Matrix and reinforcement properties before and after testing
Materials Density Volume Tensile Young’s Il. RESULTS AND DISCUSSION
gm./cc Fraction | Strength | Modulus 3.1. Comparison of Hardness experiment Results of
(%) in MPa in GPa Jute-Glass-Epoxy, Jute-Kevlar-Epoxy and
Jute fiber 1.46 0.275 270 76 Jute-Carbon-Epoxy laminate composites
Kevlar Table 2: Tabulation of Hardness Test Results
fiber 1.44 0.275 3620 6 5
Glass fiber 2.66 0.275 2000 72 ' Average
Carbon No Material Trails RHN RHN
fiber 18 0.275 4500 228 1 57
Epoxy 1.2 0.45 85 3.4 2 52 50
o Number of layers for egch Iaminates: 1 JG/E 3 43
Jute-Carbon-Epoxy for 3mm thick laminates = 7 layer
Jute-E-Glass-Epoxy laminate for 3mm laminates = 7 layer ! >
Jute-Kevlar-Epoxy laminate for 3mm laminates = 7 layer 2 59 53
e Laminate preparation by using Hand layup process 2 JIC/E 3 43
(Unidirectional Specimen orientation) 1 88
e Vacuum bag method 2 92 89
To abolish air gap sandwiched stuck between layer of every 3 JKIE 3 88

fabric the vacuum bag method is enforced to the mould box,
thereby increasing the strength between layers of the
laminates and enhancing the properties of the material. a0
e Curing of Laminates and specimen preparation

Hardness Test

Curing of laminates is a process used for complement the
properties of the composite laminates. The post curing is
essential to raise the glass transition temperature (Tg) of the o F T — T
cured composite laminate. Water jet cutting is used to cut the e = : = =

specimen as per ASTM standard

Rockwell Hardness Number
w
o

Influence of reinforcement and matrix material results in
improve in hardness of Jute and Kevlar with epoxy resin
compare to Jute-carbon and Jute —glass materials. From the
table 2 and graph it is obvious that Jute- Kevlar -Epoxy
laminate prove more Rockwell Hardness number than the
other two materials

3.2 Comparison of Impact test Results of
Jute-Glass-Epoxy, Jute-Kevlar-Epoxy and
Jute-Carbon-Epoxy laminate composites

Table 3: Test results of Impact test

Fig 3: Post curing and specimen preparation

Average
P Impact
[ )

Preparal_t!on of Hardr)ess test, Impact test and, sl. Material Trails Strength in Impact
Machinability test specimen as per ASTM -E18, No Joules Strength in
ASTM-D256, and ASTM-D4065  standards Joules
respectively for unidirectional laminates [3]. ) LOE ; i-gg

i 3 4.00 38
1 5.46
il (-
]| 2 J-CE g g.jg 5 46
r 1 10.00
U 3 JK-E 2 9.00
- -- 3 9.80 9.6
Flg 4(') Impact Test
= B i -
' 1 : .
Fig 4(iii)
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High molecular bonding between the Jute and Kevlar with
epoxy resin results in improves in the hardness compare to
Jute-carbon and Jute —glass materials. From the table 3 and
graph it is obvious that Jute-Kevlar -Epoxy laminate having
3mm thickness prove more impact strength than the other two
materials

3.3 Comparison of Machinability test Results of oo | o s P e
Jute-Glass-Epoxy, Jute-Kevlar-Epoxy and e b o oy
Jute-Carbon-Epoxy laminate composites Figure 5(i) Figure 5(ii)
Table: 4 Machinability test results AN
Speed in rpm
590 990 1725
MATERIA Torqu Torqu
L Torque| Thrust Thrust Thrust
e e
N-m N N N
N-m N-m
JGIE | 68.67 127.4 | 64.74|147.1| 44.14( 98.1 Figure 5(iii)
JCE | 75531 1765 | 6867 115691 6274 1177 Fig 5(i,ii,iii) : Impact test SEM photograp_h of Jute /glass,
Jute/carbon and Jute/Kevlar fiber
107.9 The SEM photograph of cracked surface of hybrid fiber
JIKIE L 254.9 | 71.61(215.7| 69.65( 166.7| reinforced composites. The impact crack is characterized by
the brittle rupture with the accessibility of the voids, Fabric
crack and fabric pull-out is evidence from the picture. The
strict matrix deformation was demonstrated by the picture.
The consciousness of fabric pull-out from the matrix is high.
Torque vs Speed Fig 5(iii) demonstrate the efficient bonding sandwiched
10 between the fabrics and the matrix, Hence the impact strength
100 N is more in Jute-Kevlar-Epoxy laminate composites compare
Ty \\ to other two laminate composites
¢ o —_—— 1 3.5 Machinability test SEM analysis of hybrid fiber
2
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Figure 6(ii)

Graph 1: Machinablity test results

From the above table 4 and graph it is clear that by increasing
spindle speed and feed rate results in the less thrust and
torque in Jute-Glass-Epoxy, Jute-Carbon-Epoxy laminates
and also it leads to maximum machining damages on
machined surface compared to Jute-Kevlar-Epoxy laminates
3.4 Impact test SEM analysis of hybrid fiber
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8. D. Ray, B.K. Sarkara, A.K. Rana, N.R. Bose “The mechanical
properties of vinylester resin matrix composites reinforced with
alkali-treated HempFibers” Part A 32 (2001) 119-12

SEMNV 100NV | WO 119 mm VEGA) TESCAN SNV 00N | worrssem | (||| VEGAI TESCAY

SEM MAG: 20x DetsE  2mm 364 NAG: 100 X OotsE  S0pm
fiw flokt: 162w Oateimidy): 052210 CoR-MS Colloge of Enghowering View fold: 207 mey Datw(miy); 052218 CoB-BMS Codege of Enginencng

Figure 6(iii)

Fig 6(i,ii,iii): Machinability test SEM photograph of
Jute-glass, Jute-carbon and Jute-Kevlar fabric
Composites indication of fabric drag out and unclear area of
fabrics is the suggestion of the failure modes. Fig. 6(ii) shows
the suggestion of hard surface cutting of fabrics and matrix
cracking. This is to be expected produced where the
machined work piece have more fabric angle ply. At this
phase, the progress of stylus tip of the surface roughness
measurer shows the maximum surface roughness values.
Thus, the result of improved spindle speed and feed rate
consequences the maximum machining damages on
machined surface. Hence the withstanding thrust force will
be more in jute/Kevlar/epoxy laminate composites compare

to other two.

IV. CONCLUSIONS

Specimens with constant thickness of 3mm laminates are
fabricated by hand layup technique followed by vacuum
bagging, and test specimens have been prepared in
accordance with the ASTM standards. In the hardness test
nearly 46% hardness is greater in Jute Kevlar composite
compare to other two composites. In Impact test nearly 60%
impact strength is grater in Jute Kevlar composite compare to
other two composites, and in machinability tests the torque
and thrust force required is more in Jute Kevlar composite
compare to other two composites. Hence, from the overall
testing’s it’s clear that Jute Kevlar composite have more
hardness, impact strength and machinability because of good
characteristics and properties compare to Jute Glass and Jute
carbon composites.
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