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Abstract. Composite is one of the predominant material for most challenging engineering 
components. Most of the components are in the place of automobile structure, aircraft 
structures, and wind turbine blade and so on. At the same all the components are indulged to 
mechanical loading. Recent research on composite material are machinability, wear, tear and 
corrosion studies. One of the major issue on recent research was solid particle air jet erosion. In 
this paper hybrid composite material with and without filler. The fibre are in the combination 
of hemp – kevlar (60:40 wt.%) as reinforcement using epoxy as a matrix. The natural material 
palm and coconut shell are used as filler materials in the form of crushed powder. The process 
parameter involved are air jet velocity, volume of erodent and angle of impingement. 
Experiment performed are in eight different combinations followed from 2k (k = 3) factorial 
design. From the investigation surface morphology was studied using electron microscope. 
Mass change with respect to time are used to calculate wear rate and the influence of the 
process parameters. While solid particle erosion the hard particle impregnates in soft matrix 
material. Influence of filler material has reduced the wear and compared to plain natural 
composite material.  
 

1. Introduction 
The engineering materials are proving to aerospace, wind mill blades and automobile. The fibre 
composite materials are applied to reduce the wear rate. The natural fibres have received great interest 
as reinforcing material for polymer-based composite. In present scenario natural fibres such as sisal, 
kenaf, coconut and banana are studied [1-3]. The polymer composite are used in wide range of 
industrial application. The metal alloys products are replaced by polymer fibre composite materials. 
This is due to its good mechanical properties, low cost, easy to replace and eco-friendly [4-6]. The 
materials are subjected to surface wear due to solid particle erosion. It occurs naturally by hard 
abrasive particle such as sand, dust and it slurry hitting at various angles. The abrasive particles are 
impacting over the surface during relative velocity at the component. It is simulated using erosion test 
rig with standard procedures. Ku (2011) made a survey to report the properties of natural fibre based 
composite material [7]. It was a repeated rule of mixture and the depending parameter for properties. 
Uttam (2017) addressed erosion behaviour for the solid particle abrasion on carbon fibre reinforced 
composite materials [8]. The findings over the investigation shows the impact angle and the stand of 
distance for SPE are the predominant factor. It was also confirmed by the researches of different group 
for same material erosion studies [9].  
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Arjulasuresh (2008) made an attempt to study the solid particle abrasion on poly phenylene sulfide 
composites [10]. The finding over the research shows the impact angle are predominant factor in 
erosion. K.V.Pool (1986) research the studies on composite material erosion [11]. The research 
conclude that the erosion rate is high at inclined angle. A.P.Harsha (2007) investigated solid particle 
erosion behavior of polyetherimide based composite [12]. The investigation result shows the different 
impact angle and the impact velocity are main factor for erosion. Qchen (2003) investigated the solid 
particle erosion on composite material using computer simulation [13]. The finding matrix range, 
impact velocity, solid particle size are the important factor for wear. 
 
The objective of the present investigation was to study the solid particle erosion wear on hybrid 
composite material. The samples after investigation were subjected to material characteristics with 
respect to the of basalt composites under various conditions like changing angle, change flow rate. 

2. Experimental details  
The natural fibre composite was developed as hybrid material with / without filler material. The 
composite was prepared using compression method for plate formation. The crushed dust particle is 
100 +/- 15 microns. An orientation of the fibre kept at a perpendicular direction of 0°/90° and the 
thickness of the hybrid composite achieved is approximately 7mm. The mould cavities are brushed 
with wax to act as a releasing agent. The fibre and matrix proportions to develop the composites are as 
Kevlar – hemp – epoxy. The size of the sample used for erosion setup was 25 x 25 x 5mm. The 
samples are placed in fixture designed for various angle of jet / slurry impingement on erosion setup. 
In the proposed work, alumina of 50microns irregular in structure are used as abrasive erodent. The 
process parameters are defined to 2k factorial design as given in Table 1.  

 
Table 1.Process parameter for 2

3
 factorial design 

Process Factors Units Lower End (-1) Upper End (+1) 

Angle Degree 45 90 

Erodent flow rate m/s 2.5 4 

Filler wt.% % 0 5 

 
The response over the process parameter is made with respect to the chance in mass. Empirical 
equations are used to identify the erosive wear rate with reference to time. After experimental 
investigation the surface morphology of the sample were studied using SEM microscope.   
 
3. Results and Discussion  
At consecutive cycle, the mass change for defined process parameters were measured to calculate the 
wear rate. The theoretical erosive wear rate influenced from the change in mass of the sample to the 
flow of erosion rate. From the mass change the wear rate at individual process are calculated and 
plotted in Figure 1.  
 
The experiments result illustrates the influence of the impact angle and mass of erodent addition of 
filler material with respect to change in erosion time. Along with the process parameter the influence 
of filler material were also studied in detail. At the initial stage, the wear rate found to be aggressive in 
both the conditions. The mechanism involved at this stage indicates that at lower impact angle the 
wear rate has increased. When the impact angle is 45 Degree, the flow of erodent tends to slide over 
maximum surface area. On other hand the velocity of the erodent influence to influence on wear rate. 
The wear rate on the consecutive time will lead to vary on the progress.   
 
For the proposed condition, the samples with the filler material has resulted with common wear 
mechanism and without filler material founds to invariant. This confirms the bonding quality of the 
composite material with filler to enhance the mechanical and erosive property of the material.  
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a) composite with Filler b) composite without Filler 

Figure 1: Erosive wear rate of the hybrid natural fibre composite material differentiating with and 
without filler combination 
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Matrix region 

a) composite with Filler b) composite without Filler 
Figure 2:Electron microscopic image of the hybrid composite with and without filler material 

after erosion studies  
Figure 2 illustrates the surface studies of the erosive samples using scanning electron microscopic 
techniques. While machining the composite material, it was reported that the fibres are pulled out due 
to impact load and ploughing were also influenced due to the same. The same mechanism observed 
over the surface of the erosive wear of the proposed hybrid composite.  
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Figure 2a indicates the surface morphology of the hybrid composite material sample with filler 
material. The bonding of the fibre and matrix material was confirmed to superior than the composite 
without filler material. Figure 2b shows the surface studies of the hybrid composite material without 
filler materials. It is clear to infer that the composite without filler material has completely washed out 
with the flow of hard erosive particle. However, the fibre with filler material has superior strength. It 
has sliced the fibres with sharp erodent particle at 45 degree impact angle. Figure 3 represents the 
shape and structure of the hard abrasive erodent used for investigations. One hard particle has placed 
in matrix impinged at 90 Degree of sample placed. Therefore the influence of hard particle erosion 
found significantly less with filler based composite material and aggressive on composite without 
filler material. 
 
 

  
a) hard abrasive erodent b) hard abrasive erodent at matrix  

Figure 3. Microscopic image of the hard abrasive / erosive particle and rested over the matrix due 
to high impact velocity and soft matrix material. 

 
 
From the experimental analysis, the influence of the process parameters are analysed using 2K factorial 
design concept. Where; K is three factor from the process parameters namely – process time, impact 
angle and mass of erodent flow. Figure 4 represents the contribution of process parameter calculated 
manually using analysis of variance (ANOVA) concept.  
 
The maximum contribution of erosion time is dominating in the range of 35 – 37% for both the 
combination of materials. In continuation the mass of erodent flow during the experimental design has 
shown maximum of 19 – 20% contribution. It is identical to represent that in proposed composite 
material impact angle has less and negligible contribution of 0.3 – 0.9% towards the proposed work. 
All the above the error for the proposed problem is maximum and this cannot be manipulated because 
the hybrid composite material do have produce same result. This is due to regime of the composite 
varies fibre – filler – matrix in different region.  
 
From the research, it important to convey that the metals and alloys do produce same result. The error 
rate may be less for metals and alloys compared to the composite material.  
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Figure 4: Influence of process parameters in terms of percentage of contributions for the hybrid 
composite with and without filler materials. 

 
4. Conclusions:  
From the solid particle erosive wear analysis on hybrid composite material, following conclusions are 
drawn from the experimental investigations, characterisation studies and mathematical results:  
� Experimental results with erosive wear rate is initially drastic and converged on prolonged 

exposure. This is due to fine hard abrasive particle impregnated over the soft matrix has given 
less wear. This convergence has not fit in composite without filler. This is due to erosion on 
matrix and fibre content. 

� Surface result infers on impact angle of the erodent and sample. At perpendicular angle erosion 
found less and at inclined range it varied due to slicing of fibre material.  

� All the above, mathematical model using factorial design has indicated that the erosion time and 
erodent mass flow has maximum contribution towards the solid particle erosive wear.  
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