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Abstract:

Composite materials are becoming increasingly popular in today's world, with their use in a variety of commercial
applications. With the increased use of these materials in Automobiles, it is critical to investigate their wear and
friction performance. Since these materials experience vibration while Automobile movement. Many researchers are
currently working to determine the wear and friction behaviour of polymers. The purpose of this paper is to provide
critical information about the dry sliding impact on FRP Composites. The article mainly focused on the dry sliding
response of polymers, with filler material and fiber reinforcement. Further polymers operating in different
Environmental condition also studied. Furthermore, the reviews provide both continuous and statistical instruments
for determining specimen wear behaviour.
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Introduction:

Polymer composites are used in a variety of applications and under a variety of operational situations. Polymer
composites are used in several industries, including the automotive, aerospace, naval, and, more recently, oil and gas
industries. Due to their outstanding strength, cheap cost, and high strength-to-weight ratio, polymers and polymer-
based materials are often utilised. [1-3] FRPs are extensively used in the self-propelled vehicle and flying machine
industries, as well as in the construction of spacecraft and maritime vehicles, due to their exceptional qualities [4-6].
Many applications need polymer composites with machine driven behaviour and dry sliding wear properties.
Specimens of polymer were subjected to a battery of tests to forecast their resistance to dry sliding impact and
guarantee their strength and service life. The wear process is characterised by the slow loss of material resulting
from the sliding motion of two rubbing surfaces. Sixth, wear effects were made public to ensure that components are
used properly. Several studies have shown the resistance to wear of polymer matrix specimens subjected to sliding
and abrasive wear. It is governed by the material's general characteristics and the external wear state, which is
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characterised by pressure and contact velocity [7]. In addition, the addition of fibres to polymers does not inherently
improve their wear resistance [8]. Utilized in the dry sliding process, it reduces wear rates under situations such as
adhesion and fatigue type wear [9]. The improved load bearing capacity, creep resistance, thermal and electrical
conductivity, and thermal and electrical conductivity of the fibres contribute to the decreased wear. Adhesive wear is
the consequence of rolling and sliding contact between rubbing surfaces, which results in material transfer. The
adhesion between the smooth and counter face polymers might lead to surface deformation of the polymer [10-11].
Adhesive wear is a complex process that is influenced by several factors, such as material qualities and service
conditions. Thus, study into the phenomenon of adhesive processes in polymer composites is necessary [12]. Factors
that affect the dry sliding properties of polymers include load, sliding distance, sliding velocity, contact pressure,
duration, fibre orientation, and aspect ratio. In this article, an attempt has been made to show the effect of the
aforementioned characteristics on polymer composite wear. The effect of fibres and fillers on the abrasion resistance
of polymer specimens is thoroughly examined. In addition, the statistical and numerical methods employed in Wear
study were investigated.

Dry sliding Wear test on Glass fiber and carbon fiber added specimens:

The wear behaviour of graphite filled G-E composites was studied by.S Basavarajappa.et.al [13] Using a POD
machine, the research was conducted out with varied loads, distances, and speeds. It was reported that adding Gr to a
Glass-Epoxy specimen resulted in lesser weight loss which was further lowered when the filler amount in the
composite increased. At a lesser load of 40N, the weight loss of 5 percent and 10 percent Graphite was nearly
identical. At a greater load of 100N, the 5 percent GR specimen lost 6.6mg of weight, whereas the 10 percent GR
specimen lost 5.7mg.This was because a homogeneous layer forms on the steel disc, as well as lubricant particles,
reducing three-body abrasion. Due to matrix wear, the SEM image Figure 1. (a-f) displayed matrix debris
generation, micro cracking, and exposure of both long and diagonal fibre.
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Figurel. (a-f): (a) SEM Micrograph of G-E Composite without filler at 60N load, 5.44m/sec, 3000m
(b) SEM image of G-E specimen without filler at 100N, and 5.44/sec, 3000m
(c) SEM image of Specimen 5wt%GR at 60N, 8.16m/sec And 3000m
(d) SEM image of Specimen 5%Gr at 80N, 5.44m/sec And 3000m
(e) SEM image of Specimen 5%GR at 80N 5.44m/sec, and 3000m
(f) SEM image of specimen 5%GR at 60N, 6.8m/sec and 3000m

Suresh et al. [14] studied the friction and wear of glass and carbon fibre added to vinyl ester composites. The carbon
fabric reinforced vinyl ester samples exhibited less wear than the glass fabric reinforced vinyl ester samples.
According to reports, the specific wear rate of pure vinyl ester samples is nonlinear, but carbon vinyl ester and glass
vinyl ester samples exhibit linear wear rates. The carbon vinyl ester sample deteriorated 184 percent more quickly
than the glass fabric vinyl ester sample. At 142N and a greater load and velocity, plain vinyl ester composites (about
3x10-12mm3/N-m), glass vinyl ester composites (approximately 11x10-14mm3/N-m), and carbon vinyl ester
composites (approximately 7x10-14mm3/N-m) exhibit a high specific wear rate. During sliding, adhesive and
ploughing processes transmit normal and tangential stresses via the contact sites, while hard asperities on the counter
face or hard particles between the sliding surfaces plough and micro cut the soft surfaces. During sliding, both
adhesive and abrasive wear mechanisms are at work, resulting in powdery wear debris at varying sliding speeds. As
sliding velocity/load rises, frictional heat increases, lowering the brittleness of both matrix and reinforcing glass
fibres. During the wear process, a combination of adhesive and abrasive wear technologies were developed. These
wear structures are visible in SEM pictures. The SEM image revealed matrix tearing, the formation of a thin layer on
the film, and fibre fracture. Paulo-Davim et al. [15] developed the Polyetheretherketone Composite, which was
strengthened with carbon and glass fibres. This work examines the wear and friction of PEEK, PEEK C30, and
PEEKGF30 under long-term dry sliding. During prolonged dry sliding, the reinforced composites demonstrated a
considerable reduction in wear rate. PEEK CF30 has superior friction and wear characteristics in comparison to
PEEK and PEEK-GF30. The weight loss of PEEK, PEEK-GF30, and PEEKCF30 were 5.21x10-6mm3/N-m,
0.937x10-6mm3/N-m, and 0.610x10-6mm3/N-m, respectively, while their COF values were 0.21,0.25,0.18 at
Pv=2Mpa-m/sec, sliding distance 15KM, condition v=0.25m/sec, and P=8Mpa. Chen and Wan et al. [16]
Tribological features of 3D carbon-fabric adding epoxy resin specimens were investigated. This research
investigated the wear rate and coefficient of friction (COF) as a function of load, velocity, and sliding. The specimen
with a larger Fiber volume % displayed a reduced initial wear rate at 250N. and 0.84m/sec, as well as a lower wear
rate in steady state. At a load of 250N, the influence of fibre volume % on friction coefficient was likewise reported
to be less significant, ranging from 0.20 to 0.23. J. Quanilier et al. [17] reported on the dry sliding wear of Glass
Polyester Composite at varying weights between 60N and 300N at a constant velocity of 10mm/sec. The authors
observed the formation of a thin coating surrounding the Wear track. The influence of fibres on Wear led to the
creation of Wear track. The fibres dictated the wear track's shape. In wear-tested composites, the authors observed a
variety of wear processes, which are outlined in Table-1. The many wear processes shown in (Figures 2-5).
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Table-1.: Typical wear phenomena caused by the main wear mechanisms

Wear mechanism Wear Phenomenon
Abrasion Micro cutting, Micro Ploughing, Micro cracking
Adhesion Transferred material due to adhesive joint formation and rupture
Erosive Matrix Deboning, Micro Cracking, Micro cutting,, Kinking, Chipping, Fiber Bending,
Fiber Shear, Detachment of Fiber
Surface Fatigue Stress cycles, Micro structural changes, Crack formation and Delimitation
Abrasive Wear
Adhesive Wear Two body abrasive wear
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Figure 2. Shows the adhesive wear process Figure 3.shows the abrasive wear process
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Figure4. Shows the process Fatigue wear
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Figure5.Shows the Erosion process a) Ductile Erosion b) Brittle Erosion
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Filler Effect on Dry sliding Wear behavior of Polymer Composites:

Fillers are additions used in the production of composites to enhance the qualities of blended specimens. The
inclusion of fillers enhances the composites' strength, which is crucial since the composites' wear characteristics may
be altered. However, differences in wear are driven by filler characteristics such as size and shape. Hong-Bin Qiao
et.al. [18] investigated the dry sliding wear characteristics of nanoscale filled Polyetheretherketone (PEEK)-based
composites. Al203 particles and nanoscale inclusion reduced the wear coefficient of PEEK, but not the friction
coefficient. The specimen with the lowest wear rate, 7.5x10-6mm3/N-mm without PTFE and 10x10-6mm3/N-mm
with PTFE, was enhanced with Al203 particles with a mass fraction of 5% and a particle size of 15nm. A tribo-
layer produced on the counter face using a 15Nm AlI203-filled peak decreased friction and wear. S.R. Chauvan et al.
[19] produced a composite by including cenospere particle-packed vinyl ester composts and reporting on size,
weight, and distance. In this study, 20m, 900nm, and 400nm cenosphere particles were filled with vinylster
composites. It was revealed that using submicron cenophere particles as fillers significantly improved specimen
machine driven properties. The wear rate for all vinyl ester specimens decreased from 0.3x10-5 mm3/N-m to
0.5x10-6 mm3/N-mm for all 2 percent, 6 percent, and 10 percent This was due to the uniform distribution of
cenospere particles in the matrix material and the formation of a transfer layer at the counter surface, both of which
contribute to the enhancement of tribological properties.

The mechanism of wear is composed of sticky and abrasive wear. Zhenguo Zhu and Shuo Bai [20] investigated dry
sliding wear-acting pin-on-disc equipment for resin graphite. The experiment's parameters were determined to be the
load, sliding distance, and temperature. It was observed that furan resin may significantly strengthen graphite,
resulting in enhanced mechanical properties. Compared to graphite, the friction co-efficient of resin/graphite was
decreased by 18.3 percent below 10Mpa, with the lowest friction co-efficient being 0.12 at 20Mpa. The wear rate of
resin/graphite was 170 percent at 8Mpa and 104 percent at 10Mpa, while the dusting wear rate of graphite at 15Mpa
was about 800 times more than composite. K.Srinivas et al. [21] investigated the wear characteristics of hybrid
Epoxy specimens. In this study, three types of particles were added to epoxy: GR, SIC, and GR-SIC. Epoxy with
SiC/GR is said to wear less and resist wear more effectively. In conjunction with other composites, the SIC/GR-
containing epoxy hybrid specimens exhibited the lowest wear rate of 2.89x10-5mm3/N-mm. Utilizing Sic and
Graphite filler reduced the wear rate by 5x10-5mm3/N-m at 30N load. While the resistance to wear has been
enhanced.Feng-hua Su [22] demonstrated the machine-driven qualities and wear/friction characteristics of
nanoparticle-reinforced carbon fibre. Dip-coating with phenolic resin produced three nanoparticles: nano-SiO2,
nano-TiO2, and nano-CaCO3. Using the POD machine, the friction and wear properties of these specimens were
evaluated. It was discovered that the addition of nanoparticles to carbon fabric enhanced its machine-driven
properties and abrasion resistance. As a filler, nano-CaCO3 is the most effective of the three nanoparticles in
enhancing wear resistance. Adding more Nano-SiO2 to the mixture decreased the machine-driven characteristics of
composites even more. Y.Xie, G.S. Zhuang, et al. [23] fabricated composites, such as PEEK/PTFE specimens
packed with potassium titanate whiskers, and conducted dry sliding wear testing on a pin-disc machine at varying
weights. It has been found that PTW provides a robust reinforcement for PEEK/PTFE composites. The addition of
PTW increased the micro hardness of the PEEK/PTFE composite. PTW may also boost the wear resistance of
PEEK/PTFE specimens while lowering the friction coefficient. Under varying loads, the friction coefficient and
wear rates of this specimen decreased as the PTW content increased. The PTW 5% component enhanced wear
resistance more efficiently. H.Una et al. [24] investigated the friction and wear of polyamide 6 and graphite and wax
polyamide 6 specimens using a pin on disc machine. This experiment investigated the effect of filler type, quantity,
load, and speed on wear and friction characteristics. Experiments were conducted with sliding speeds of 0.4, 0.8, and
1.6 m/sec with loads of 50, 75, and 100 N. In this work, wax composites performed well, with a low coefficient of
friction and excellent wear resistance. The specific wear rates of pure PA-6, PA-6G, and PA-64 percent wax
composites are around 10 14 m2/N, 10 14 m2/N, and 10 15 m2/N, respectively.

Crivelli Visconti et al. [25] investigated the wear properties of composite materials using hard particles. In this
work, the produced composite was composed of glass fibre with three distinct matrices: epoxy resin, epoxy resin
filled with silica particles, and epoxy resin filled with TIO2. The research was conducted on a pin-on disc machine
at various speeds and weights. The wear rate increased with increasing load, but not in a linear fashion; a significant
increase was seen in the transition from 20N to 30N, 30x10-10mm3/N-m to 50x10-10mm3/N-mas for a typical load.
Kishore et al. [26] studied the dry sliding wear behaviour of a polymer matrix containing glass fibres. During the
wear test, the sliding distance was increased from 500 metres to six kilometres. Little distance ran specimens had a
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distinct pattern for the matrix rather than the continuous bunch-like morphology with debris accumulation,
according to the results. Long-term specimens showed interface separation with debris adhering to them.
S.Basavarajappa and S.Ellaangovan [27] produced the G-E specimen, which is a composite including Sic and Gr
Particles. The samples were assembled by hand. The silicon carbide content of the composite varied between 5 and
10 percent, whilst the graphite content stayed constant at 5 percent. The rate of deterioration was computed using
load, velocity, and sliding distance. It was observed that the addition of fillers to G-E Composite increased its
resistance to wear. The specific wear rate of unfilled G-E Epoxy composites is 8.16m/sec, or roughly 13x10-
6mm3/N-m, while the specific wear rate of filled G-E Epoxy (10 percent Sic, 5 percent Gr) is approximately 9x10-6
mm3/N-m. The particular wear rate at a greater load of 100N is 16x10-6 mm3/n-m for clean G-E composites and
6x10-6 mm3/n-m for loaded G-E composites (10Sic and 5 percent Gr). At a larger sliding distance of roughly
5000m, the wear rate for unfilled G-E composites is approximately 9x10-6mm3/N-m, while the wear rate for filled
G-E composites is around 6x10-6mm3/N-m. Because fillers have greater thermal conductivity, filled G-E
composites have superior wear resistance compared to unfilled G-E composites. To improve the wear performance
of filled G-E specimens, the counter-top tribofilm structure was created. The impact of load on the rate of
deterioration was greater than that of other factors. Figure 6 illustrates the pin on disc machinery used by a number
of writers.
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Figure 6. Shows the pin on disc Machine used by different Authors

In another paper, S.Basavarajappa et al. [28] others evaluated the impact of two secondary fillers, SiC and Graphite,
on the dry sliding wear performance of polymer matrix using the Taguchi method. In this experiment, the effects of
load, speed, and distance on wear rate were explored. In this experiment, the Taguchi approach was implemented
using the L27 orthogonal array. The impact of process factors on the wear of these composites was examined using
analysis of variance. According to the results, the addition of SiC particles to the polymer matrix as a secondary
filler enhanced the material's wear resistance. 10mg for GE composites that are empty and 5mg for those that are
full. Utilize DOE techniques, such as the Taguchi method, to analyse the wear characteristics of composites while
taking into consideration load, velocity, speed, and filler content as test factors. S.Manoharan et al. [29] developed
recycled basalt and aramide fibre hybrid composites utilising the Taguchi model based on the Gray equation. In this
study, a POD rig was utilised to conduct wear testing on a Taguchi L27 array employing variables such as load,
speed, and percent filler content. The findings demonstrated that the addition of filler significantly boosted the
specimen's resistance to wear and friction. The SEM images demonstrate fibre matrix deformation, fibre pull-out,
cracks, and matrix wear.
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Basappa Halappa et al. [30] examined the effect of fibres on the machine driven properties and fracture toughness of
G-Reinforced epoxy specimens. This experiment included a hand-lay method followed by a hot press to produce
graphite and silicon carbide fillers (5to10wt percent). The machine driven properties and mode-1 fracture toughness
of these specimens were evaluated in accordance with the ASTM standard. G-E with 5% graphite has the highest
KIC value, 28.7 MPa m1/2, followed by G-E with 10% graphite, 27.2 MPa m1/2. This may be due to the increased
filler loading in G-E, which induces the pining effect and thus reduces the matrix's toughness. Similar conclusions
were reached in earlier published works. The KIC values for samples containing 5 and 10% Sic were respectively
25.5 and 23.92 MPa m1/2. Composites with the greatest fracture toughness were those containing graphite. When
the whole mechanical result is considered, GE Composites packed graphite particles perform better. Both SIC and
graphite particles enhanced the G-E specimen's fracture energy. B.Suresh et al. [31] submitted an additional
investigation on the influence of GR filler on the sliding and wear properties of CF-added epoxy specimens. Carbon
fibre with epoxy was used as a reference material in this experiment. Using a sliding distance of 6000m and weights
of 25, 50, 75, and 100N, the wear testing technique for POD machine weight loss was determined in terms of
velocity. Also employed in two body abrasive tests were abrasive materials with 150 and 320 grit. Also measured
were abrasion distance, wear loss, and load-related wear rate. According to the data, greater loads and speeds led to
excessive wear loss. The addition of carbon-epoxy to graphite material enhanced its resistance to wear. The 10wt
percent GR wear rate in CF-Epoxy is very low. 0.0242 x103mm3 wear volume. It has been observed that a
Graphite-Tribo-film on the surface of Gr-filled C-E samples may enhance their wear resistance.

B.N.Ramesh et al. [32] studied the addition of alumina and molybdenum disulphide (MOS2) to carbon epoxy hybrid
composites in another study. On wear performance composites, variables such as normal load, filler content, and
sliding distance were examined. In this study, the L18 array and five parameters that influence the abrasion process
were used. Using multiple replies, the GRA Technique was utilised to optimise wear and friction parameters.
Utilizing ANOVAs, the importance of wear-related characteristics was determined. According to the results, filler
loading and filler type are the most critical elements in influencing the wear rate of C-E Composites. The specific
Wear rate for unfilled carbon Epoxy at a 10M abrading distance is 0.6x10-9mm3/N-m and 0.27x10-9mm3/N-m for
10% MOS2-filled C-E composites. At higher loads, unfilled C-E composites have around 0.45x10-9 mm3/N-m,
while filled C-E composites with 10% MOS2 have approximately 0.3x10-9 mm3/N-m. At high temperatures,
N.Mohan et al. [33] studied the machine-driven and tribological properties of SIC-filled G-E composites. In this
investigation, the machine driven properties and wear/friction of G-E composite and Sic-filled G-E specimens were
examined. The specimen was tested on a Pin-On-Disc machine at temperatures of 30, 60, 90, and 120 degrees
Celsius with loads of 10N and 20N at 1.5 metres per second over a distance of 5000 metres. As the temperature and
load rose, the wear loss of both specimens also increased. In a similar setting, the rate of wear accelerated. In
contrast, SIC-added G-E specimens exhibited a lower wear rate of about 3.8x10-4 gramme and a greater 0.3 at
1200C than pure G-E specimens. C.R.Mahesha et al. [34] studied the impact of incorporating Nano-filler into
Basalt Epoxy nano-samples on machine driven and sliding wear parameters. Nano-titanium (T102) and nano-clay
were utilised as fillers in this study of the machine driven and tribological activity of Basalt—Epoxy specimens.
Using a vacuum-assisted resin transfer moulding procedure, B-E specimens were generated in this study. Machine-
driven properties such as tensile strength, tensile modulus, and Elongation at break were evaluated using ASTM
standards. On the wear resistance performance, the effects of different loads (10N to 30N) and sliding lengths (2000
to 8000m) were determined. It was discovered that adding fillers to specimens lowered wear loss while increasing
wear loss with increasing sliding distance. In terms of mechanical qualities, increasing the filler content of B-E
composites enhanced their strength and stability. The coefficient of friction (COF) of nano-clay-B-E composites was
marginally larger than that of nano-TiO2 and TIO2/clay filler composites. N.Mohan and S. Natarajan et al. [35]
studied the adhesive wear behaviour and machine driven characteristics of Jatropa-OQil-Cake-filled G-E specimens.
In this experiment, composites were manufactured using VARM methods. The wear characteristics of mechanical
and sliding surfaces were determined. This project selected three elements: sliding distance, load, and constant
velocity. The severity of wear increases as the sliding distance and applied force increase. However, the G-E
specimen approach used by JOC exhibited improved wear resistance. As the sliding distance grew, the wear loss
reduced, reaching 1.2x10-3g at 2000m. The use of JOC into G-E Composites enhances tensile strength as well as
frictional and abrasion resistance. The SEM image depicts matrix fragmentation, fibre fracturing, matrix cracking,
void formation due to matrix chipping, and fibre exposure. Ashokkumar,R.T and N.Mohan et al. [36] have
published a new paper. The composites were created by filling Basalt Epoxy specimens with UHMWPE. The
specimens were prepared using the RTM method, and wear tests were conducted. It was anticipated that the
introduction of UHMWPE into B-E specimens will lower the specimens' wear rate by 1.25 10-15 mm3 /N-mm. The
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wear properties of the specimen were reduced by polymer-film layers on the steel disc counter face, which operate
as a stress-bearing support to prevent fibre and matrix degradation. K.Kumaresan et al. [37] used a hand-lay-up
technique to synthesise carbon-epoxy containing silicon carbide. Using the POD machine, these specimens were
investigated. In this experiment, specimens were examined under various circumstances, such as tension and sliding
velocity. Experiments were done at a given distance while varying the mass and velocity. It has been shown that
faster load and greater sliding velocity correlate to increased wear loss. The wear resistance of the C-E material
loaded with SiC was 6x10-6 mm3/N-mm for the unfilled EP composite and 4x10-6 mm3/N-mm for the Sic-filled
Epoxy composite. The rate of wear of 10% SiC in C-E was very low. 5wt percent and 10wt percent SiC in C-E
result in a 21 and 35 percent improvement in wear resistance, respectively, compared to unfilled C-E Composites.
Kishore Debanth et al. [38], explored G-E composites packed with rice husk. This study studied the wear and
frictional performance of polymer composites reinforced with glass fibres and utilising rice husk as a filler material.
The wear tests were conducted on a POD device. Experiments were conducted at speeds of 1.2m/sec and 3m/sec
with standard forces of 10,20N, and 30N. By adjusting the sliding distance from 1000m to 3000m, the wear loss and
friction force may be calculated. The highest wear rate was 11.48x10-8 mm3/N-mm. The lowest wear rate recorded
is 1.28x10-8 mm3/N-mm. The wear rate of Glass-Epoxy specimens injected with rice husk decreased as the applied
stress increased. With the exception of the specimen with a sliding velocity of 2m/sec, the COF decreased as the
applied normal force increased. With a standard load of 30N, a velocity of 3m/sec, and a distance of 1000m, the
lowest COF measured was 0.17. According to the SEM image, back transfer film and debris creation are the primary
reasons of low wear rate. Resinous regions exhibited deboning of fibres, cracking and fibre breakage, and
ploughing. Darshan, S.M et al. [39] explored nanocomposites containing zirconium-filled bisamaleide. Using the
L27 orthogonal array, the impact of several aspects on wear behaviour, such as sliding velocity, load, and filler
content, was examined. The COF of BMI nanocomposites containing ZrO2 was shown to decrease as the ZrO2
concentration rose. As sliding distance increased, the wear rate of the BMI and ZrO2 loaded BMI nano-composites
reduced. At a sliding distance of 1000m and a load of 20N, the highest specific wear rate is 3.2125mm3/Nm. At a
load of 40N and a distance of 1000m, the lowest specified wear rate is 1.80708mm3/N-mm. The impact and
dynamic strength of nanocomposites with high wear resistance were studied. DMA results also indicated that the
addition of nano-ZrO2 to BMI increased its storage and loss moduli. According to the ANOVA results, normal load
was the most significant factor, followed by velocity, sliding distance, and filler material. The effects of load on the
wear properties of a polypropylene/Carbonized bone ash filler specimen have been examined by F.Asuke et al. [40]
this research examined the use of bone-ash particles that have been carbonised as reinforcement. During the
experiment, the weight changed from 5N to 15N. It was determined that as load rose, the rate of wear increased, but
when CBp increased, the rate of wear reduced. Wear was negligible while the load was little, but it increased as the
load rose. The wear rate at 15N load is about 5x10-3mm3/g/min. According to the literature, load increases the rate
of deterioration. The wear rate rises as the load increases and reduces as the percentage of carbonised filler material
increases. B.Shivamurthy et al. [41] investigated the wear characteristics of graphite-added epoxy specimens. Using
lay-up, the specimens in this procedure were constructed by hand. Using a POD device, the wear characteristics of
these specimens were assessed. Graphite boosts the machine-driven characteristics of a glass/epoxy specimen. At a
load of 60N, specimens having 3% graphite exhibited a lower wear rate of about 4x10-8 g/N-mm. additionally,
enhanced machine-driven characteristics. At greater loads, graphite particles that have separated from the surface of
the specimen get stuck between the specimen and the sliding surface, functioning as a lubricant by producing a thin
layer and decreasing the coefficient of friction (COF) and specific wear rate. Naveed Anjum and S.L Ajith Prasad et
al. [42] these investigations examine the machine-driven features and wear behaviour of G-E specimens with
variable weight (SiO2) filler. Utilizing the Taguchi L9 array, the impact of load, velocity, and distance on the dry
sliding wear characteristics was investigated. It was revealed that the addition of SiO2 filler to the material enhanced
the specimen's machine-drivability. Adding SiO2 filler to the composite decreased the wear volume loss and wear
rate of several specimens. At 1500m, the lowest recorded wear loss was 0.0012g. The SiO2 particles also act as
supplemental reinforcement, carrying load and minimising wear. Figure 7 illustrates the fabrication chart used by
several writers.
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using diamond tripped cutter

Figure 7. Fabrication of Composites chart used by Authors

J.S. Sindhu and G.S.Lathakar focused on the mechanical and sliding wear parameters of WS2 particles-filled epoxy
specimens in their study [43]. This research examined machine-driven properties. In addition, a dry sliding wear test
was conducted utilising Taguchi Design of Experiments. With a hardness of 25 for unfilled resin and 35 for filled
composite, the hardness increased as the filler quantity grew. The strength increased as the percentage of filler
increased. At 3wt percent WS2, the tensile strength was about 47.79Mpa. Using the DOE method, we reanalyzed the
wear characteristics of WS2-added specimens. The S/N ratio (Delta) for wear rate is 6.05 for sliding velocity, 6.97
for Normal load, 15.46 for filler content, and 1.90 for sliding distance. Using the POD machine, V.S.Aigbodion et
al. [44] studied the wear and friction behaviour of polyethylene polymer specimens containing bagasse particles.
This research examined wear parameters such as speed, load, and sliding distance, in addition to the impact of
bagasse as a filler. Using linear regression and ANOVAs, the impact of process factors on sample wear rate was
analysed. As a boosting material, the inclusion of Bagasse particles to the polymer boosted the medium's S14 wear
resistance by about 0.16gram. Speed and load have the most natural and static impact on the deterioration of the two
specimens. Bon-peng Chang et al. [45] compared UHMWPE coupled with micro- and nano-Zinc at different filler
loadings. The specimens were subjected to dry sliding wear testing under varying abrasive conditions. Using a hot
compression mould, micro- and nano-scale UHMWPE specimens were made. Using a pin-on disc machine, the
samples were evaluated for wear and friction. It was discovered that increasing the quantity of filler in the
UHMWPE matrix may enhance the wear resistance of specimens. Compared to nano-zno/UHMWPE specimens,
those with 5% micro-zinc filler saw reduced weight loss. When both fillers were applied to the UHMWPE matrix,
the coefficient of friction remained unchanged. When the load is increased from 10N to 30N, the COF for both
fillers, including micro/nano UHMWPE specimens, decreases by 60%. Figure 8 illustrates a specimen with a steel
disc used by several writers.
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Figure 8. Specimen with Steel disc used by Author

Influence of fibers on synthetic and Natural fibers on Dry sliding wear of Polymer Composites:

The relative motion of two surfaces leads polymer matrix specimens to experience friction and wear. This may lead
to matrix delamination, and repeated rubbing can damage both the fibres and the matrix. Several ways have been
investigated in an effort to enhance the Tri-bo-achievement of the polymer samples. Matrix fibre reinforcement is
one method for resolving the delimitation problem. In use now include glass fibres, carbon fibres, basalt fibres, and
natural fibres. Suresh.B.et al.[46] studied the friction and wear characteristics of short glass fibres (SGF) applied on
thermoplastic polyurethane (TPU) specimens. This procedure included the incorporation of short fibres into a TPU
matrix at weight ratios of 20, 30, and 40%. The specimens were created using injection moulding. Changes were
also made to force and velocity during the pin on disc wear test. As load and sliding velocity increase, so does wear.
As SGF rose, the composites' COF and wear rate dropped. In terms of wear resistance, the 40 percent SGF-
reinforced TPU composite beats the 20 percent and 30 percent SGF-reinforced TPU composites in all examined
situations. The increased weight percentage of SGF reinforcement in the TPU matrix, which generates a thin layer
during sliding, may account for the decreased wear loss in the 40 percent SGF-TPU composite. On the counter face,
the presence of (pulverised glass and polymer wear debris) increases wear resistance. 40% SGF has a wear loss of
0.008g, 30% SGF has a wear loss of 0.009g, and 20% SGF has a wear loss of 0.0011g. SGF weights around 0.012g
TemesganBerhanuYallow et al. [47] The composites were manufactured via compression moulding. Evaluation of
tribological behaviour, including wear and friction. In this experiment, the sliding speed was set to 1 to 3 metres per
second, the applied force was set to 10 to 30 Newtons, and the sliding distance was set to 1000 to 3000 metres.
Incorporating woven jute cloth into a polypropylene matrix increases wear resistance by 35 to 45 percent while
reducing the coefficient of friction. Incorporating woven jute cloth as reinforcement into a polypropylene matrix
decreased wear by 65%. The particular wear rate at 30N tension is 7x10-8mm3/N-mm. Using the Taguchi Method,
Vinaykumar.D et.al. [48] studied the Tribomechanical properties of natural fibres such as coconut coir/banana
fiber/glass fibre hybrid specimens. Various proportions of natural and glass fibres were manufactured using the hand
lay-up technique. The specimen's wear resistance was examined under a variety of conditions, including load, speed,
and the fraction of fibres used by weight. A pin-on-disc machine was used with a Taguchi L16 array. The acquired
data was statistically analysed using ANOVA techniques in order to determine the influence of different test
conditions. It was discovered that the weight of the fibres is crucial, followed by load and speed. Vinaykumar et al.
[49] evaluated the tribological and machine-driven features of coir-silk-enhanced polypropylene-based specimens in
a separate investigation. In this experiment, three unique specimen weight percentages were prepared: specimen
with silk fibre added, specimen with coir fibre added, and specimen with both silk and coir fibre added. Multiple
tests were conducted on the specimen that was generated. The composites were evaluated for abrasive wear using
the slandered method. Using the DOE L9 orthogonal array, the optical wear behaviour of produced specimens was
evaluated. The method of design of experiments indicated that the specimen's weight % had the biggest impact,
followed by load and speed. Compared to specimens C1 (Coconut fibre polypropylene) and C2 (Silk fibre
polypropylene), the wear life of specimen C3 (Silk and Coconut fibre) increased by 35%. In addition, the
composite's wear life was increased by 35%, and its water absorption capacity was increased by 42%. Satish and
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Kumaresan.K.et.al [50] investigated the machine-driven and physical properties of flex and bamboo fibre-added
hybrid Epoxy specimens. In this instance, compression moulding was used to make the specimens. Using FTIR
analysis, the chemical process of flex and bamboo fibres was identified. The tensile, impact, flexural, and ILLSS
properties of 40:0 (Flex: bamboo) hybrid specimens were shown to be superior. The 40:0 (flax: bamboo) composite
samples have an excellent tensile strength and can withstand up to 34.27, which is somewhat greater than the other
hybrid composites. Due to the dense packing of flax fibres and increased compatibility with epoxy resin, the void
content of 20:20 (flax: bamboo) hybrid composites is reduced. The composites composed of forty percent flax fibre
and zero percent bamboo fibre had the maximum flexural strength at 89.90 MPa. The maximum impact strength and
ILSS of Composites at the same volume percent are 2.35 J and 3.52 MPa, respectively. N.Karthin and
Kumaresan.K.et.al [51] developed these jute and banana fibres filled with epoxy-based composites. This research
used compression moulding to produce three composites: MC1-15wt percent banana and 15wt percent jute, MC2-
20wt percent banana and 20wt percent jute, and MC3-25wt percent banana and 25wt percent jute. Different load
conditions (20, 40, and 60N) and distances (602.88, 1205.76, and 1864.64mm) were used to conduct the wear test
(602.88, 1205.76, and 1808.64mm). In terms of wear resistance, it was proved that hybrid composites outperformed
single-fibre reinforced composites. At 40N and 60N, the MC1 (15wt %) wear duration in 6 minutes is 6.21 percent
and 10.47 percent, respectively. The MC2 (20wt%) Wear duration in 6 minutes and the percent decrease in specific
wear rate are, respectively, 6.31 and 10.47. At 40N and 60N loads, the MC3 (25wt percent) wear time in 6 minutes
percent decrease in SWR is, respectively, 6.28 and 10.05

C.W. Chin et al. [52] examined composites such as Kenaf fibres and epoxy composites for wear. Using a closed
mould method and a vacuum system, a Kenaf fibres added to epoxy (KFRE) specimen was produced. Using the
counter face POD machine, the wear and frictional behaviour of the specimen was evaluated at different weights
(30-100N), sliding lengths (0-5KM), and sliding velocities (1.1-3.9m/sec). Consideration was given to the effect of
fibre orientation, such as parallel, ant parallel, and normal. The N-O orientation of the fibres improved the wear
resistance of epoxy by about 85 percent. The effects of load and sliding velocity on the wear rate of KFRP
composites were minimal. In general, the wear resistance of N-O was superior than that of P-O and AP-O. Micro
cracks (N-O) and debonding were prominent in the composites' fibre section wear processes (P-0O). Kartthikeyan et
al. [53] fashioned jute/polymer composites having sliding wear properties. In this experiment, jute fibre and
polyester resin were combined. To increase its performance in heavy-loading applications, jute fibre is treated with
sodium hydroxide solution and 2% PTFE filler tribolubricant. The samples were created using the hand-lay-up
method. A dry sliding wear test was conducted to measure the wear rate and coefficient of friction. During the
sliding distance, the temperature increased substantially. N.K.Batra.et al. [54] studied the effect of dry sliding wear
on carbon, Aramid, and Glass fabric polythermide (PEI) specimens. In this study, polythermide composites
reinforced with a range of fibres, including carbon and glass aramid fibres, were used. The specimens were
manufactured using compression moulding. A POD Tribometer was used to conduct a wear examination on the
specimen. In comparison to glass and aramid-added specimens, carbon fibre with PEI exhibited superior wear
resistance owing to its high modulus and bonding. Aramid fibres and hybrid Composites have a lower wear rate than
Composites with additional Glass fibre due to their high wear resistance and low COF. V.Armuganprabhu et al. [55]
the specimens were fabricated by hand using the lay-up method. The specimens' tensile, flexural, and impact
strengths, as well as the weight percentages of 2, 4, 6, and 8 percent red mud particle addition, were measured. Red
mud was added to a hybrid composite to boost its machine-driven | characteristic. The sisal/Glass specimen had 33
percent more tensile strength and 54 percent greater flexural strength, while the banana/sisal specimen demonstrated
25 percent greater impact strength. K.Sabeel Ahmed et al. [56] examined the wear properties of ceramic fillers,
including Sic/AlI203-filled jute/epoxy examples. Depending on resin weight, samples of Jute/epoxy with fillers at
5wt percent, 10wt percent, and 15wt percent were created by hand lay-up. The POD/machine was used for the wear
test. For each configuration, varying speeds and weights were used to conduct wear tests. Utilizing both kinds of
fillers, we evaluated wear loss and COF. The addition of fillers to the jute/epoxy sample enhanced its resilience to
wear. Al,Osz-enhanced specimens demonstrate superior wear characteristics compared to Sic-enhanced specimens.

Effect of sliding wear of Polymer composites on different Environment Condition:

Li Chang et al. [57] studied the wear and friction characteristics of high temperature-resistant thermoplastics, such
as Polyetheretherketone (PEEK) and Polyetherimide (PEI), when combined with carbon fibres, graphite filler, TiO2,
and ZnS in a dry sliding environment. For friction and wear measurements, POD apparatus with improved PV
ranges and higher temperatures was employed (up-to150). According to the researchers, both SGF and Graphite
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flexes may significantly improve the wear resistance and load bearing capacity of base polymers. JWU X
H.Chenget et al. [58] studied the tribological behaviour of Kevlar pulp-added epoxy samples under dry and wet
sliding circumstances. The specimens were created by compression moulding. We studied the impact of Kevlar pulp
content on specimen wear and friction. Adding Kevlar pulp to epoxy significantly increased friction and wear. The
addition of Kevlar pulp to epoxy decreased the coefficient of friction and wear rate of materials in both dry and wet
situations. Epoxy and Kevlar/pulp specimens exhibited greater friction and anti-wear behaviour when lubricated
with water compared to dry sliding. With the addition of Kevlar pulp, the specific wear rate decreased significantly,
with the lowest value (5.8103 mm®/Nm) recorded at a filler concentration of 40%. It demonstrates that Kevlar pulp
enhances the tribological performance of epoxy, namely its wear resistance. Compared to dry sliding, friction
efficiency reduced from 0.33-0.57 to 0.14-0.17, and the rate of particular wear decreased by about 100 times. This
was a result of water's cooling and boundary lubricating properties, which reduced friction-induced heat and hence
prevented plastic deformation and matrix fracture due to the thermal effect. This might be because of its lubricating
and cooling properties. H.Meng et al. [59] investigated the friction and wear characteristics of PAG/CNT composites
under dry sliding circumstances with water lubrication. The inclusion of carbon nanotubes proved PAG6's
effectiveness (CNTSs) It was revealed that adding CNTs to PA6 provides efficient reinforcing for enhancing wear
properties. Under sliding and water-lubricated circumstances, when a typical load of 20N to 50N was applied, the
COF and wear rate of PA6 were lowered in the presence of CNTSs. The specific wear rate of composites under a 20N
stress is about 3x10-6mm3/N-mm for dry sliding and 16x10-6mm3/N-mm for wet sliding. At higher loads of 50N,
the specific wear rate is about 20x10-6mm3/N-mm for dry sliding and 45x10-5mm3/N-mm for water lubrication.
The use of carbon nanotubes increased the self-lubricating and heat conductivity of PA6 (CNTS).

Taguchi Analysis in Wear Evaluation process

In recent years, statistical methods have been extensively used in several engineering fields to reduce the complexity
of analysis. Using these techniques, the process and each variable involved in the process effect may be analysed to
meet the requirements. Using the Taguchi approach, the DOE method was able to examine the wear characteristics
of specimens with many test factors. [60]. To develop a regulated and well-defined dry sliding wear rate, it is
necessary to adequately characterise method variables. Dry sliding parameters include weight, speed, and distance
travelled. Therefore, it is necessary to develop a statistical tool for evaluating the impact of each variable on the
output response. [61] Taguchi procedures are a well-designed methodology to test assessment. Recent studies have
reported it often owing to simplified methods and better results [62]. The approach simplifies the work flow and
guides the evaluations toward a conclusion that identifies the operation’s strengths and faults. The DOE technique is
an excellent way for studying the control parameters of an experiment [63]. DOE facilitates the identification of
insignificant components in advance [64] The Taguchi method decreases the disadvantages of evaluating the final
product while also reducing the expense of the procedure[65] Utilizing the Taguchi Method, Satapathy and
Patnaik[66] investigated the influence of wear variables on the outcome. It is a simple, systematic, and controlled
procedure. SabareesPrabhakaranet al. [67] investigated the impact factors involved in the wear test of Graphite-filled
ISopthalic specimen using the Taguchi method. This research analysed and reported on three criteria influencing the
slide wear test using the L9 orthogonal array. Numerous researchers use the Taguchi method, which has been
utilised to develop a vast array of applications and procedures. [68-69.]

Conclusion:

In the current study, a short overview of polymer composites and their dry sliding wear characteristics was
conducted. The main characteristics of the wear resistance of fibre reinforced composites have been determined.
The following findings are reached based on the review:

1) Both composite fibres and fillers may increase wear resistance.

2) However, the enhancement is contingent on the unique qualities of the fibre and filler as well as the production
process. Reinforcement of filler in composites prepared the way for a new era in the fabrication of wear-
resistant specimens.

3) In general, reinforcing alterations the wear properties of the matrix. It is observed that up to a specific
reinforcement %, wear resistance was strong, but after reaching a certain reinforcement percentage, wear loss
increased. Due to the filled and matrix bonding qualities, this was the case. It has been determined that the
optimal degree of reinforcement should be maintained in composites to ensure excellent wear resistance.

4) Fiber orientation, fibre treatment, and fibre weight % affect friction and wear. The regular orientation of the
fibres increased the sliding wear characteristics. The fibre strength, aspect ratio, and fibre and matrix binding
strength all contribute to the enhancement of dry sliding wear characteristics.
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5) Many investigations have been conducted on the incorporation of fibres and fillers into polymer specimens that
have been exposed to wear. However, developing a polymer reinforced with natural fibres with dry sliding wear
behaviour is difficult. Despite the fact that several work studies have been recorded, there are few statistical
investigations on the dry sliding wear performance of PMCs.
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