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Abstract

With the world involved in an advancing global warming, we have started to be concerned about the environment
and how we could take care of it since just few decades ago. Nowadays the strategy has changed into reduce consumptions and
pollution. The governments and institutions are now setting aims of decrease the emissions during the next decades. In the
automotive industry, the requirements of reduction of weight and fuel consumption have become an essential study without
losing any mechanical strength. This is done by improving old technologies and developing new ones. One of these growing
new technologies is in the field of materials engineering. Coming from aerospace and aeronautic industries, now the composite
materials are being introduced to the automotive sector. One such attempt is made by reducing the weight of wheel spoke.
Spoke is one of the some rods that are rotating from the center of the wheel that connects the hub. Spoke is an important
automobile part which bears a major load. This work is unique in such a way that spokes are made using epoxy based
composite materials along with the honeycomb material filled with liquid foam which is sandwiched between the fibers. In
general spokes are made using either steel or aluminum material. But from this work it is highlighted that the sandwich based
composite materials can also be used as the spokes material.
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1. Introduction

In Automobile parts one of the major important part is a wheel spoke because of all of the
automobile parts are carried by spokes. Heavy load carrying vehicles will have high strength and good
fatigue property spoke. Overdesigning a wheel by adding material increases the wheel mass and
rotational inertia which negatively affects the vehicle’s performance and efficiency. This has led to
substantial development efforts to reduce the wheel weight and rotational inertia while simultaneously
maintaining or increasing the material strength. All these aspects has led to develop a spoke made of a
composite material, which is improved in that it has a higher fatigue strength and impact strength. This
work highlights the production and testing of various mechanical properties of foam filled honeycomb
sandwiched, epoxy based composite material spokes. Honeycomb material is used inorder to improve
the life and also to improve the ductility of the composite spokes. Polyurethane foam is used to fill the
honeycomb core inorder to add strength and also to improve the stiffness of the honeycomb material.
Thus composite embedded spokes can be used in various automobile applications which in turn reduces
the weight of an automobile which leads to the minimal fuel consumptions.
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2. Materials and Fabrication

The raw materials that are used in this work and also the fabrication process that is been carried
out is been elaborated in this section. Materials used are:

Natural fiber(Jute, Banana)

Honeycomb material(Paper and aluminum)
Polyurethane foam(50Kg/m3 and 60 Kg/m?3)
Epoxy

Hardener

2.1. Materials

In some engineering field of applications, composites are still been widely used. It is still used in
finite manner just because of its issues in durability and also difficulty in determining its accomplishment
during its period of assistance. Hence inorder to overcome this drawback honeycomb material is
sandwiched between the natural fibers inorder to improve the life of the composite material and also to
enhance the ductility of the composite. Polyurethane foam is been filled in the core of the honeycomb
material so that stiffness gets added to the material. The resin used in this work is epoxy resin which
exhibits poor thermal and also poor mechanical properties. Inorder to improve these properties this
resin is subjected to rehabilitate reaction. When this occurs the linear chain of this resin gets changed to
3D cross linked chain and this is achieved by adding the hardener which is the curing agent in the ratio
of 1:10.

Fig.1 Aluminum honeycomb  Fig.2 Paper honeycombFig.3 Jute and Banana fiber Fig.4

Polyurethane foam

2.2 Fabrication Process
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Fig.5 Honeycomb Sandwich Composite
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The methodology used in this work is handlayup method. Since the part produced is not under
requirement of getting joined to any other parts, handlayup is the appropriate method that is
incorporated in this work. Binding agent along with hardener is mixed thoroughly in the ratio of
10:1.The foam is filled in the honeycomb core and kept for drying for about 1hour.Once it becomes
stable then the further work is carried out. A layer of fiber is spread and epoxy is made to spread gently
over the fiber mat. Foam filled honeycomb material is then placed over the fiber mat. After perfect
adhesion another layer of fiber is placed over the honeycomb material with the aid of binder. Then with
the aid of vacuum pressing process the excess epoxy material is removed and the composite material is
cured.Fig.5 shows the honeycomb sandwich composite material constituents.

Fig.6 Spreading of Honeycomb Material Fig.7 Mixing of polyol and isocyanate Fig.8 Pouring of
Polyurethane Foam to Mould in the mould

Fig.9 Paper Core Material Fig.10 Aluminum Core Material Fig.11 Sandwich Composite with
Core Material

Fig.6, 7, 8 shows the various stages of the fabrication processes.Fig.9 and Fig.10 indicates the
finished core products.Fig.11 shows the final sandwich composite specimens embedded with jute and
banana fibers. Hence prepared specimens are named based on the materials used in it. ] and B indicates
the name of the fiber used that is Jute and Banana fiber. P and A indicates the material of the
honeycomb used that is paper and aluminum respectively. 1 and 2 represents the density of the foam
used that is 50 and 60 Kg/m3.Table 1 shows the detailed description of the specimens.
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Table 1: Specifications of the Specimens

Sl. No Specimen Name Fiber used Honeycomb Density of the
Material Foam(Kg/m3)

1 JP1 Jute Paper 50

2 JP2 Jute Paper 60

3 JA1 Jute Aluminum 50

4 JA2 Jute Aluminum 60

5 BP1 Banana Paper 50

6 BP2 Banana Paper 60

7 BAl Banana Aluminum 50

8 BA2 Banana Aluminum 60

3. Experimental Procedure

3.1 Tensile Strength

As per the ASTM D3039 standard, the specimens are made for the tensile test. Tensile,
compression, bending tests are conducted as per the standards. Tensile test was carried out in TUE-C-
400 UTM machine. Specimen was machined as per the standard dimension i.e. 150mm length,20mm
thick and 30mm width. UTM test arrangement for tensile test is as shown in Fig.12.

Fig. 12 UTM Test arrangement for tensile test

3.2 Compressive Strength

ASTM (365 standard was used to conduct compression test and the dimensions are 150mm
length, 20mm thickness and 30mm width. Compression test was carried out in TUE-C-400 UTM machine.

2812




Nat. Volatiles & Essent. Oils, 2021; 8(4): 2809-2820

Fig. 13 UTM Test arrangement for compressive test
3.3 Fatigue Strength

Fatigue strength of a material is defined as ability of any material to withheld the highest stress
which is applied during given number of cycles without breaking. Fatigue tests were carried out in the
hydraulic fatigue testing machine with frequency of 5Hz.Load was applied as sine wave. Load was
applied with the aid of 30mm cylindrical material. The dimensions of the specimen used here is
200*50*20mm as per the ASTM C394 standard.

3.4 Impact Strength

Ability of the material to withstand the predetermined load which is applied suddenly on it is termed as
impact strength of that material. Specimen was made as per the ASTM D7766 standard and impact
strength was tabulated by carrying out Charpy test with 5Joule of impact energy. Specimen size is as
same as that of the tensile strength specimen dimensions.

PENDULUM
HAMMER

Fig.14 Schematic of the Impact test arrangement

4, Results and Discussions
4.1. Tensile Strength

The tensile strength of the various specimens is as shown in Table 2.It is been observed from the
table that the jute reinforced, aluminum honeycombed core with polyurethane foam of density
60Kg/m3(JA2) is having a dominated tensile strength when compared other specimens. It has been
observed that the average tensile strength of the specimen JA2 is 7.12MPa and its peak load capacity is
3.841KN.
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Table 2: Average Tensile Strength

Specimen Name Average Tensile

Strength(Mpa)

JP1 5.212

JP2 5.916

JA1 6.163

JA2 7.12

BP1 3.522

BP2 3.981

BA1l 4.4234

BA2 4.7164
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Fig.15 Comparison of Maximum Tensile Load Fig.16 Comparison of Average Tensile Strength

The average tensile strength of various sandwich composites is tabulated as shown in the
Fig.16.We found that the specimen JA2 exhibited a better tensile strength when compared to other
specimens. The poor tensile strength was observed in the BP1 specimen. Fig.15 indicates the maximum
load that a specimen can bear. It is clear from the graph that JA2 specimen could withstand more load
when compared to that of the other specimens.

4.2. Compression Strength

Table 3 shows the average compressive strength of the sandwich composite materials. It is been
observed that the sandwich composite with aluminium core material exhibited better compressive
strength which is filled with foam of density 60Kg/m? and reinforced using jute fiber(JA2).It was also
observed that aluminium core embedded composite material exhibited better compressive strength
when compared to that of the paper embedded core material.

Table 3: Average compressive strength

Specimen name Average compressive
strength(MPa)
JP1 14.912
JP2 13.485
JA1 16.124
JA2 17.386
BP1 11.851
BP2 12.113
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Fig 17 Comparison of Maximum compressive load
Fig.18 Comparison of average compressive strength

The Fig.17 shows the comparison of peak compressive load that a specimen can bear. Maximum
load bearing capacity was found in the specimen JA2 i.e. 8.826KN. Fig.18 is an evidence that JA2
specimen exhibits the better compressive strength i.e. 17.386 and specimen BP1 exhibits lowest
compressive strength of all the other specimensi.e. 11.851MPa.

4.3. Fatigue Strength

Fig.19 shows the peak stress vs the number of cycles. It is clear from the graph that specimen
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BP1 exhibits the less peak stress when compared to that of the other specimens. In the banana
reinforced sandwich composites the specimen BA2 exhibited the better flexural strength for the given
number of cycles. In jute reinforced sandwich composites the aluminium core sandwiched composite
with foam density of 60Kg/m? exhibited better peak stress. It was also observed that jute reinforced
composites exhibited better fatigue strength than that of the banana reinforced composites. It was
proven that as the loading ratio(r) increases the reduction in fatigue strength also increased.
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Fig.19 Peak stress Vs Number of cycle for failure
4.4. Impact Strength

The impact energy is distributed along the width of the specimen. Aluminum core filled with
60Kg/m? density of foam and sandwiched between jute fibers could absorb more impact energy as
compared to other specimens.Fig.20 shows the comparison of average impact strength of the various
sandwich specimens. It is clear from the graph that JA2 specimen i.e. the specimen with aluminium
honeycomb core filled with greater density foam sandwiched between the jute fibers exhibit good
impact strength when compared to other sandwich specimens. Moreover, it is observed that banana
reinforced sandwich composites is having less impact strength as of compared with the jute reinforced
sandwich composites. The maximum impact strength observed was 19.83Kg/m? in the specimen JA2 and
the minimum impact strength observed was 12.16 Kg/m? in the specimen BP1.
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Fig.20 Comparison of Average Impact Strength

Conclusion

The comparison of the mechanical properties of sandwich composites embedded using paper
and aluminium honeycomb material with different foam densities filled in it was done. Two types of
fibers namely jute and banana fibers were used in the work and the following conclusions are indicated
based on the results obtained.

Composites are made by sandwiching 2 different honeycomb materials which are filled with
polyurethane foam of 2 different densities. Thus prepared core material was sandwiched between 2
layers of natural fibers namely Jute and banana fibers. Typical hand lay-up method was used for the
fabrication process.

From tensile test, it is concluded that the specimen embedded with jute fiber showcased better tensile
strength when compared to that of the banana fiber embedded composites. Specifically aluminium
honeycomb material with foam density 60Kg/m? (JA2) required maximum load for breaking.
Compressive test proved that jute embedded sandwich composites had better compressive strength
than banana embedded sandwich composite material. It is also seen that with the increase in the foam
density there was slight increase in the compressive strength of the material.

Fatigue test is an evidence that the aluminium core sandwich composites is having greater ability to
withstand the cyclic load that is been applied on the material. Paper honeycomb material filled with
50Kg/m? density foam which is sandwiched

is having better impact energy absorption capacity without breakage. It was observed that jute
embedded between banana fibers (BP1) was having least ability to withstand the cyclic load.

Impact test again proves that the specimen JA2 paper honeycomb filled with 50 and 60Kg/m3 of foam
also had very good impact strength then compared to that of the banana embedded sandwich
composites with paper and aluminium core materials filled with different foam densities.
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