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Natural fibre reinforced polymer (NFRP) composites can be environmentally friendly and cost-effective
alternatives to synthetic fibre-reinforced composites. Major industries have expressed significant interest
in the advancement of new natural fibre-reinforced composite materials. However, these materials per-
form poorly on their own and require further analysis since accessible information is lacking in the lite-
rature. This paper presents the results of previously reported works on natural fibre reinforced polymer
composites, with strong attention to the types of fibres employed, the polymers used in the matrix, the
treatment of fibres as well as the test parameters. The best proportion of composites is consequently
selected. Composite materials are tested using a CNC router machine. Pinewood dust is combined with
vinyl ester resin. A hand layup technique is used to prepare the samples. The availability of relevant
pinewood dust and the volume of pinewood dust to be used are first determined to continue with the
experiment. According to the findings, the impact of machining performance is successfully evaluated
by employing the tensile strength test, Charpy V-notch impact test, flexural strength test and surface
roughness measurement. The findings are derived from the microscopic assessment of the surface rou-
ghness of pinewood dust (PWD) fibre reinforced vinyl ester resin.
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1 Introduction The available literature has proven that the machina-
bility of composite materials differs from that of ho-
mogeneous materials in several crucial aspects. Ma-
chinability refers to the ease with which a material can
be cut (machined), allowing for the removal of mate-
rials with little cutting force, good surface finish and
preserved structural integrity.

The heterogeneity of composite materials is a con-
tributing factor to machining difficulties since the di-
fference in mechanical characteristics between the fib-
res and matrix is highly significant. The machining
procedure of NFRP composites is more complicated
compared to other composites. Natural fibres are
composite materials composed of cellulose micro fib-

The environmental limits on our ability to protect
our world are becoming increasingly severe. As a re-
sult of these considerations and other economic and
ecological issues, the use of natural fibres in the com-
posite sector has proven to be an unquestionable suc-
cess in non structural applications over the past seve-
ral decades. Currently, research have highlighted the
appropriate use of natural fibre composites in structu-
ral applications, mainly polymer matrices reinforced
with pinewood dust fibres.

As a result, finishing procedures such as milling on
natural fibre reinforced polymer (NFRP) composites

ate becoming increasingly critical for completing the rils embedded in natural polymers of hemicellulose

required processing stages. ‘ and lignin, which are also composite materials as well
The conventional manufacturing procedures for 21, [3]

composite materials are in capable of producing parts
with near net shapes (i.e., holes, precise dimensions,
high quality peripheral surfaces, etc.), which is espe-
cially true when creating long fibre composites [1].

Heterogeneity is thus present within each
crude fibre. Natural fibres are also gathered in a bun-
dle of dozens of elementary fibres with random sizing,
geometries and diameters [4]. Therefore, a promising
approach for investigating the properties of NFRP
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materials is required for manufacturing process inves-
tigation, material performance analysis [5] and material
characterisation. This research has developed pine-
wood dust reinforced vinyl ester as a composite mate-
rial using wood dust waste material. The aim of this
research is to investigate the qualities of wood dust
composites. Itis anticipated that the research outcome
will create a satisfactory product from wood dust
waste.

For this reason, the authot's previous works [0],
[7], [8], [9] have focused on the multiscale analysis re-
garding the machinability of the main structures of
NFRP materials. The published works regarding sur-
face roughness are summarised.

2 Materials and methods
2.1 Materials

2.1.1 Preparation of material specification of pine-
wood dust (PWD)

In this study, a pinewood dust reinforced vinyl es-
ter composite panel with the dimensions of 300mm x
210mm x 10mm was used as the workpiece material.
The fibre's aspect ratio and volume fractions are 70%
and 30% vinyl ester [10]. The choice of this fibre
aspect ratio is based on the benchmarks that have
been made before determining each appropriate ratio
[11].

Each composite plane consists of 650 grams of vi-
nyl ester with a fibre volume of 70%. A combination
of hand layup and compression methods was used to
prepare the natural composite samples. Pinewood
dust was initially dried at 105°C to remove storage mo-
isture. Next, a measured quantity of vinyl ester resin
was mixed with a catalyst (MEKP) for rapid curing.
The detailed manufacturing process described by the
work conducted by [12] was similarly followed.

The vinyl ester matrix has a specific density of 650
grams and a flashpoint of 23-29°C (74-84°F). The
composite layup was subjected to compressive (com-
paction) pressure and left for 24 hours at room tem-
perature for curing. Next, the samples were post cured
for one hour at 105°C using a standard oven. No sig-
nificant reduction in the weight of the sample was ob-
served. Previous studies also believe composites can
be produced from a vacuum process [13].

2.1.2 Preparation of sample for the tensile test
This experimental test procedure required the uni-
versal tensile testing machine (INSTRON model
5969). Each sample was tested using three specimens
with different parameters. This test also involves the
pulling process. The test technique adhered to the pro-
cedure from start to finish. The (ASTM) 3039 was
used to test the specimens. The sample size for testing
is 100mm x 25mm x 10mm. The basic mechanical
properties of structural materials such as maximum

stress strength represent fundamental material charac-
teristics [14].

2.1.3 Preparation of sample for the impact test

The Charpy impact test was conducted using the
Charpy impact tester machine at the Universiti Tekni-
kal Malaysia Melaka (UteM) Mechanical and Manu-
facturing Engineering Technology Laboratory. The
material was cut according to the (ASTM) A370 stan-
dard, which is 100mm x 10mm x 10mm. The Charpy
impact test using the INSTRON CEAST 9050 was in
accordance with the (ASTM) A370 standard. It
requires a V-notch that helps produce a stress concen-
tration for increasing the probability of brittleness, ra-
ther than ductility, and fractures.

2.1.4 Preparation of sample for the flexural test

The specimens for the flexural test were cut accor-
ding to the (ASTM) D7264 standard. The Universal
Testing Machine, INSTRON 5969, was used. To con-
duct this test, three samples were cut for each parame-
ter. The length of the support span was set at a ratio
of 16:1 to the sample thickness. Therefore, the dimen-
sion of the sample is 100mm x 10mm x 2.4mm.

2.2 Methods

2.2.1 Tensile strength test

Instron 5969

Machine

Fig. 1 Setup of specimens for the tensile strength test

The tensile strength test requires rectangular speci-
mens measuring 250mm x 25mm x 10mm to be sub-
jected to a tensile force with a pulling speed of
2mm.min-' [15]. The samples were inserted into the
chuck with the mark upside down for proper align-
ment. In this test, three specimens for each percentage
were tested. As shown in Figure 1, testing was con-
ducted using an Instron 5969 machine. The test was
performed until the tested specimens experienced
fracture [16]. After completing the tensile test accor-
ding to the (ASTM) 3039 standard, the
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characteristic curve, specific deformation, longitudinal
elastic modulus and rupture tension of each reinforced
composite were determined. The average deformation
energy for each sample was calculated based on the
load curves of each sample.

2.2.2 Charpy impact test

Hammer

Hammer brking
Hammer release

Fig. 2 Charpy Impact Test Machine INSTRON CEAST
9050)

Fig.3 Setup of specimen for the impact test

The Charpy impact test is a standard test with a
fixed specimen size, as shown in Figures 2 and 3. The
typical specimen measurement is 100mm x 10mm x
10mm with unit energy of joule, J. Impact energy is

Tab. 1 Flexural strength testing of specimens

used to assess the amount of labour necessary for sha-
ttering a test specimen. The specimen absorbs the
energy and eventually yields to the striker. A fracture
occurs when the V-notch square specimen’s ability to
absorb additional energy is exhausted. The hammer is
launched from its original height towards the speci-
men at a speed of 3.8 metres per second in one swift
motion. This test determines the amount of energy
required to break the material as well as the material’s
toughness.

2.2.3 Flexural strength test

The flexural strength test was conducted to deter-
mine the flexural properties of the NFRP composite
materials. The test was carried out according to the
(ASTM) D7264 standard using the Universal Testing
Machine, INSTRON 5969 (standard test method for
flexural properties). Figure 4 displays the specimens
shaped as rectangular bars and placed on two
supports. An average load was applied to the speci-
mens with the maximum load captured at 58.0682N.
The crosshead speed was maintained at 2mm.min-!
[17]. A detailed test report is presented below in Table
1.

Fig. 4 Setup of specimen for the flexcural test

Maximum Force (N)

Specimens 30% 40% 60% 70% 80%
Average 40.876 64.272 40.012 60.076 58.068 61.009
Std (o) 13.851 16.107 5.6239 2.0791 3.3628 3.4368

2.2.4 CNC router machining

The surface cutting experiment was conducted
using a CAM-220 computer numerical control router
machine. For this experiment, a holding device to spe-
cifically hold the workpiece securely on the platform
was employed. The samples may vibrate if not held in
place by this holding fixture which may cause damage
to the surface, thereby affecting the accuracy of re-
sults. Figure 6 presents an overview of the complete

experimental setup. All cutting trials were accom-
plished without using a coolant to avoid contamina-
tion of the NFRP laminate [18].

Furthermore, no pre-cut surface was created in this
experiment to measure the thrust force. As shown in
Figure 5, the RhinoCAM 2016 software was used to
mark every edge of the sample's surface in this experi-
ment. The distance between the centre point of the
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surface and its edge was 3cm. This distance is ne-
cessary to ensure that the end mill tool bit does not
come into contact with the holding fixture, resulting
in tool damage. Using a dial gauge, the flatness of the
workpiece and the rounding out test of the spindle was
measured before the experiment began to guarantee
that data collected throughout the experiment are ac-
curate. Next, the workpiece was cut using a variable
spindle speed and a constant cutting feed rate combi-
nation.

RhinoCAM 2016 - Machining Browser

MILL f; Program Simulate

6o P -® O |

The experimental research was first conducted
with spindle speeds of 5,000, 20,000 and 30,000rpm
with a tool feed rate combination of 0.5 mm.rev-1. The
results were compared with theoretical predictions.
Table 2 provides a summary of the general parameters.
This method was used to program all process parame-
ters and depth of cut for the materials to be cut. This
preliminary inquiry determines the workpiece's ideal
surface roughness and parameter range by analysing
various workpieces.

CNC Router !

Ll

y Machine @ Stock ~ Machine
%3 Post @ Align ~
Setup ~ $= Material ol\p‘l:'c;:r;l:sg'
Machine Setup Stock Spindle Holding Fixture
= End Ml
Ma(hmmg Job Tool Bit
39 Machine - 3 Axis NFRP Panel
22 Post - vhf_3Achs_without_tool change )
@ Stock - None
S Setup 1
Fig. 5 Setup of parameter in RhinoCAM 2016 Fig. 6 CAM-220CNC router machine
Tab. 2 Parameters of machining setup
End Mill Tool Bit Spindle Speed Feed Rate
Run .
Diameter (mm) (rpm) (mm.rev!)
1 D8 5,000 0.5
D8 20,000 0.5
3 D8 30,000 0.5
2.2.5 Cutting parameters 30,000rpm, with a constant feed rate of 0.5 mm.rev-!
and a continuous feed rate of 0.5 mm.rev-!. This met-
hod was repeated three times for each machining con-
&4 ,_..'Q o el dition ugder consideratio.n to ensure the preci§ion and
N repeatability of the experimental results. Previous stu-
dies also used end mill tool bits made of HSS in expe-
III"l""lIHIl""l""l"ulm'[lmllmllmlnnl]m]""l""""ll riments for the cutting process [21].
0m 1 2 3 4 5 6 7
2.2.6 Measurement of surface roughness
Fig.7 End mill tool bit Surface roughness is tested with the Mitutoyo sur-

The end mill tool bit used in the experiment was
fixed to a single geometry type throughout the entire
experiment. The two (2) flute end mill tool bits shown
in the illustration are made of High-Speed Steel (HSS)
[19] with a shank diameter of 8mm [20] and a flute
length of 23mm. The overall length of the tool is
60mm, as shown in Figure 7. According to the tool
datasheet, the minimum spindle speed is 5,000rpm,
and the maximum cutting depth is 3mm. The drill bit
used for all test runs is a brand new piece of equip-
ment. The cutting test was accomplished at three di-
fferent spindle speeds: 5,000tpm, 20,000tpm and

face test §J-410 in Figure 8, available from the Uni-
versiti Teknikal Malaysia Melaka (UTeM). It has been
most typically used to measure the roughness of a sur-
face by using an apparatus in which a stylus travels
across a surface, the movement of the stylus is ampli-
fied, and the signal is recorded.

The result is often measured as the difference
between the deviation of the trace above and below
the centre line[22]. The distance that the stylus travels
across the surface is 5mm.

Therefore, testing the surface roughness necessita-
tes using a flat surface free of any rough edges to avoid
stylus damage.
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Fig. 8 Surface roughness machine

2.2.7 Microscopic view

Microscopy is the technical area of using micros-
copes to examine materials and objects that are too
small to be seen with the naked eye (things that are out
of the normal eye's resolution range). The optical
microscope, often known as the "light optical micros-
cope," is a type of microscope that magnifies pictures
of tiny materials using visible light and a lens system,
as shown in Figure 9. A micrograph can be created by
capturing an image from an optical microscope with
ordinary light-sensitive cameras. The zoom of 5x um
provides a broad observation range. The SMZ745T
also incorporates an optical path switching lever that
enables easy switchover between the eyepiece and ca-
mera.

Fig. 9 Nikon SMZ 745T

3 Results and discussion
3.1 Tensile test

Increasing the fibre content makes composites
stronger. The highest specific strength is achieved

and the vinyl ester matrix. However, the tensile stren-
gth of the produced composite begins to decrease
with further additions of pinewood dust. This result is
similar to [23] who examined the effect of sawdust re-
inforced polypropylene. Tensile strength increases
with the increase in sawdust content. The impact of
wood dust loading on the tensile and physical proper-
ties of unsaturated polyester has been determined by
[24]. Tests were carried out at room temperature and
as per the standards mentioned.

10
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Fig. 10 Tensile stress testing of specimens

From figure 10, the bar chart pattern shows similar
consistency. According to Figure 10, 60 vol% of fibre
dominates the result of tensile stress in an experiment
which is 17.030 MPa lower than another percent of
the composite. This indicates it has the maximum
stress available in that 70 vol% of fibre which is 23.028
MPa. Meanwhile, 30 vol% of fibre shows the worst
result, which is 16.243 MPa in tensile. In accordance
with the present results, previous studies have demon-
strated slightly different due to different materials [25].

3.2 Impact test

The ASTM A370 impact test was performed on six
samples of pinewood dust vinyl ester resin composi-
tes, each of which contained different combinations
of pinewood dust and vinyl ester resin. All samples
were prepared with a 2mm deep notch in the centre of
the edge on all sides. As shown in Figure 11, the im-
pact strength of pine wood dust and vinyl ester rises
in proportion with the increase in material composi-
tion. The impact strength of 70 volume percent pine-
wood dust fibre is 2.55], whereas the impact strength
of 40 volume percent pinewood dust fibre is approxi-
mately 2.0], which is lower than the impact strength of
other composites. The high interfacial adhesion
between the matrix and pinewood dust may account
for the increased impact strength. If this strong link
fails during fracture, a more significant amount of
power is required to break the composites apart. The
following equation is:

Average load break (j)

with seventy percent of fibre (%) content. This is due Impact Strength = — - ™)
to solid interfacial bonding between pinewood dust Width of specimen (m)
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Tab. 3 Impact strength testing of specimens

Fibre 30% 40% 50% 60% 70% 80%
Average 0.002136736  0.002010419  0.002091216  0.002074087  0.0025571 0.002448581
Std (o) 0.000338198  0.000217094  4.7680E-05 0.00020043 0.000727686  0.000258316

0,0035 014

= 0,003 2012

& =)

2 00029 = = oo - = L
7 0002 = B 5 7 008 = B B B
Coos £ 8 - = = 006 = = = = =
Som B B ‘N cox B R EE B B
Soos B — - e 2 2 Z Z Z 2

0o = = E B I ——

30% 40% 50% 60% 70% 80%

Percentage of Fibre (%)

Fig. 11 Impact strength testing of specimens

As for impact strength, 70 vol% of fibre has
0.00255MPa, which is higher than others. Thirty per-
cent is slightly lower, which is 0.0021MPa, followed by
80 percent of pinewood dust, which is 0.0024MPa.
However, 40 vol% of fibre is again placed at the bot-
tom with a value of 0.0020MPa. The results of this ex-
periment show that it is interesting to note how the
reinforced fibre reacts to the direction; the 70 vol%
fibre gives a better result. This is due to the excellent
bond achieved between the composite mixture and fi-
bre. The results of this experiment will now be com-
pared to the findings of previous work [12].

3.3 Flexural test

The test specimens were prepared according to the
ASTM standard using the INSTRON 5969 equip-
ment. The specimens were placed in the test machine,
the weight was released, and the amount of energy
required to break each specimen was recorded and
shown on the computer screen to measure the tou-
ghness of the tested materials. The results of the im-
pact test on the specimens are presented in Figure 12.
Flexural strength was attained at a 70 vol% pinewood
dust concentration, the highest and most optimal for
the application. This was demonstrated by the use of
tensile and impact tests. The results can be attributed
to the effects of good mechanical interlocking of the
matrix chain with the reinforcement.

As for flexural strength, it can be seen clearly in
Figure 12 that 40 vol% of fibre with 0.102 MPa has
the highest flexural strength compared to others. Sev-
enty percent is 0.092MPa, slightly lower than 60 per-
cent of pinewood dust, followed by 80 vol% of fibre,
which is 0.097MPa higher. However, 50 vol% of fibre
shows the most insufficient flexural strength, which is
0.064Mpa compared to the previous study, slightly dif-
ferent due to different materials [25].

w
o
X

40% 50% 60% 70% 80%

Percentage of Fibre (%0)

Fig. 12 Flexcural testing of specimens
3.4 Surface roughness results

The effect of end mill on milling parameter, i.e.,
spindle speed, feed rate and end mill diameter, on the
surface roughness by conducting an experiment is
shown in. It was revealed that the lowest Roughness
average (Ra) value, which was discovered at a spindle
speed of 5,000rpm and a feed rate of 0.5mm.rev-!, is
0.668 microns when the data was reviewed. Alternati-
vely, the highest Ra value is 1.497 microns, attained
with a rotational speed of 30,000 revolutions per mi-
nute and a feed rate of 0.5 microns per revolution. Ge-
nerally, a lower spindle speed with a constant feed rate
and constant diameter will decrease the surface rou-
ghness, but a higher spindle speed helps remove ex-
cess heat rapidly and also ejects the chips produced
during the milling process. So, the lower spindle speed
with a constant feed rate will produce lower surface
roughness. Although, these results differ from some
published studies [19].

Sutrface Roughness

2

1

0
5000 rpm 20000 rpm 30000 rpm

Spindle speed

Roughness average
(Ra)

Fig. 13 Average reading of Ra for pinewood dust at each
spindle speed

3.5 Microscope results

The results of the surface roughness test for pine-
wood dust are shown in Figure 13. It was revealed

595

indexced on: btsp:/ [ www.scopus.com



November 2022, V'ol. 22, No. 5

MANUFACTURING TECHNOLOGY

ISSN 12713-2489

that under a Nikon SMZ 745T microscope, the cut
surface was examined for evidence of bonding
between the pinewood dust fibres and vinyl ester resin
at the microscopic level. The microscope images are
displayed in Figure 14. It was revealed that pinewood
dust fibres would stick to vinyl ester in the area where

% Mag =300 X

.‘ ‘.- 8um .

Mag =300X *

(’:'8}1.1'1.:1 <

the failure occurred without pulling out the fibre. Na-
tural fibres can absorb most strains, and stress is
effectively passed to the fibres. The pinewood dust
was entirely coated with vinyl ester resin, a synthetic
resin.

Fig. 14 (a) 5,0001pm, (b) 20,0001pm and (¢) 30,000rpm

As a result of air bubbles, a few voids are visible
(Fig. 14 b), indicating that smaller pinewood dust vo-
lumes have been added. Feed rate is found to be the
most significant effect in producing the minimum
value of arithmetic average surface roughness, (Ra).

4 Conclusions

The primary objective of this research is to inves-
tigate the significant parameters that determine the
proportion of fibres in a composite reinforced with
natural fibres, as well as the mechanical and physical
behaviours of that composite. s Giocuvvivn wao wae
luded to provide a more thorough analysis of the me-
chanical and physical data measured during the tensile
strength, Charpy V-notch impact, flexural strength
and surface roughness tests. The results were analysed
to determine the aspects that must be considered for
increasing the quality of natural fibre contents in terms
of mechanical and physical properties. The varying re-
sults between tensile, impact and flexural happen due
to the inconsistency in thickness for each specimen
due to a manual hand layup process. Even a slight in-
crease in the thickness of the fibre composite without
sacrificing much on the weight will affect the increas-
ing/dectreasing of the tensile, impact and flexural
properties.

There are numerous ways to make the current ex-
periment more realistic by extending it. And for future
work, the present study is carried out without soft-
ware. It is suggested to find a new method of an ex-
periment by introducing the design of experiment
(DOE) software other than manually calculating the
ratio for pinewood and vinyl ester.
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