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Abstract— The selection of material for wear applications is an important 

part for both technological advancement and manufacturing activities. 

Materials application, performance and manufacturability are all key 

elements for wear resistance applications. There is growing lead to use 

materials that can reduce dimensional changes due to unwanted material 

removal and reduce frictional losses. Such materials also enhance the 

physical performance of the component and provide stable working 

surface.  

Polymer Matrix Composites are being increasingly employed as 

structural materials in civil, military, aerospace, automotive and 

industrial applications where the weight reduction can contribute toward 

saving in fuel and other materials.  Acrylonitrile-Butadiene-Styrene 

(ABS) is a widely used thermoplastic. ABS polymers have a high 

toughness, satisfactory rigidity, and good resistance to heat, chemical, 

and environmental stress cracking. Moulded articles with high 

dimensional stability and good surface quality can be produced by simple 

processing technique. 

Composites of Acrylonitrile Butadiene Styrene (ABS) reinforced with 

glass fibers (GF) are prepared with extrusion compounding and injection 

molding techniques. The mechanical properties of these composites are 

investigated.  

Keywords: ABS, Glass fibre, ASTM  

 

I. INTRODUCTION 

The Technology advancements are necessitating exploring 

materials of unusual combination of properties (mechanical, 

electrical, corrosion, optical, magnetic, semi conducting 

dielectric etc). taking cue from natural composite such as 

wood (which is a composite of cellulose fibers in lignin 

matrix) and bone ( a composite of soft protein called collagen 

in which hard appetite particles are naturally embedded by bio 

mineralization process), man has synthesized composite 

materials to meet the ever increasing property spectrum. This 

property spectrum is otherwise not obtainable by using metal, 

ceramics and polymeric materials alone. The most remarkable 

features of wood and bones are that the low density, strong 

and stiff fibers are embedded in a low density matrix resulting 

in a strong, stiff and light weight composite. Wood Composite 

 
 

materials have been used from earliest know civilization. 

Composite materials were recognized for their strength and 

lightweight when used in the construction of the first all 

composite, radar proof airplane. 

These developments, by the collective efforts of government, 

NASA, industry and universities, gave rise to advanced 

composites. With continuing quest for new generation of 

materials, which have improved properties over 

conventionally available materials, vigorous research activities 

were pursued in this over conventionally available materials, 

vigorous research activities [3] were pursued in this desired 

direction to develop a new class of materials, having light 

weight, higher strength and a lower costs, the result of 

extensive research in this specialized field led to the 

development of composites. By the broadest definition, a 

composite material in one in which two or more materials that 

are different are combined to form a single structure with an 

identifiable interface, the properties of that new structure are 

depend upon the properties of the constitutes material as well 

as the properties of the interface. In the most familiar world of 

metals, the mixing of different materials typically forms bonds 

at the atomic level (alloys); composites typically form 

molecular bonds in which the original materials retain their 

identity and mechanical properties. 

 

II. EXPERIMENTAL STUDY 

a. Materials Selection 

The key to any successful part development is the proper 

choice of material, process, and design matched to the part 

performance requirements. The production of quality plastic 
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parts is influenced by a number of factors, as shown in Fig 1. 

These factors determine whether a plastic part meets 

functional requirements and is durable enough to survive years 

of use. In the design phase, the key factors to consider are: 

• Plastic material(s) to be used, 

• Product shape and features, 

• Production process, 

• End-use applications. 

The present study involves the details of processing of the 

composites and the experimental procedures followed for their 

characterization and tribological evaluation. The raw materials 

used in this work are: 

 

 Acrylonitrile Butadiene Styrene (ABS), 

 Glass fibre (E-Glass) 

 

 Acrylonitrile Butadiene Styrene (ABS) 

ABS is called an engineering plastic due to its excellent 

combination of mechanical properties. ABS is a two-phase 

terpolymer, one phase being the hard co-polymer styrene 

(C8H8) - Acrylonitrile (C3H3N), while the other phase is 

styrene (C8H8) – Butadiene (C4H6) co-polymer that is rubbery. 

The name of the plastic is derived from the three starting 

monomers, which may be mixed in various proportions. 

The ABS properties essentially depend on the properties of 

each component: acrylonitrile enhances hardness and chemical 

resistance, butadiene acts as plasticizer while increasing 

impact strength and styrene improves thermal and processing 

properties. Thus, high hardness and impact strength, high 

chemical and thermal resistance, negligible creep as well as 

easy processing are the most significant advantages of ABS 

while relatively low fatigue strength is a disadvantage. 

A lot of modifications can be made to improve impact 

resistance, toughness, and heat resistance. The impact 

resistance can be improved by increasing the proportions of 

polybutadiene in relation to styrene. Impact resistance does 

not fall off rapidly at lower temperatures. Stability under load 

is excellent with limited range of loads. Thus changing the 

proportions of its components, ABS can be prepared in 

different grades (especially for extrusion and injection 

molding). ABS has useful characteristics within a temperature 

range from -40 to 100 
o
C.   

 

Glass fibre (E-Glass) 

Glass fibres are is a material consisting of numerous extremely 

fine fibre of glass . Glass fibre has roughly compatible 

mechanical properties to other fibres such as polymers and 

carbon fibre. Although not as strong or rigid as carbon fibre, it 

is much cheaper and significantly less brittle when used in 

composites.  

The most common type of glass fibre used in fiberglass is E-

Glass (“E” because of initial electrical application), which is 

alumino-borosilicate glass with less than 1% w/w alkali 

oxides, mainly used for glass reinforced plastics. 

 

b. Fabrication Process 

Acrilonitrile Butadiene Styrene (ABS) is the main matrix 

material and reinforced with Carbon powders filler. Prepare 

composites of composition such as matrix resin and fillers 

percentage i.e.0%, 3%, 5%. The fabrication of these 

composites involves two main processing techniques: 

Extrusion and injection molding, polymers in a high shear 

extruder, and extruding a composite rod that is chopped into 

pellets for injection molding processing.  

The extrusion of plastic material is, surprisingly, the process 

that utilizes the most plastic material. One reason for this great 

material consumption is that extrusion is one of the few 

continuous plastics processes. Other plastics processes are 

batch processes, relying upon repetition. Extrusion of plastic 

material is continuous, and the plastic product is cut and 

formed in a secondary process. Another reason is that 

extrusion is used to compound and produce the plastic pellets 

used in most other thermoplastic processing operations. Most 

plastic pellets used in the injection molding process are 

produced in an extruder at the plant of the material 

manufacturer (Fig 1)  
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Fig 1: Extrusion Process 

 

Injection molding, and all its variants, is the most popular 

process for producing plastic products. Designers prefer the 

injection molding process because, in addition to being fast 

and cost effective, Product designers’ desire control over all 

aspects of the design of a product, and injection molding 

allows this to occur.  

 

The injection molding process involves several steps: 

• Feed and melting of the plastic pellets 

• Metering of the plastic melt 

• Injection of the plastic melt into the mold 

• Cooling and solidifying of the plastic in the mold 

• Ejection or removal of the molded part from the mold. 

 

 

Fig 2: Injection Molding Process 

 

The following description of these steps is based on the 

processing required to mold a simple part (Fig 2). 

Feed and melting of the Plastic Pellets: The ABS, in the form 

of pellets, is fed into the throat of the injection molding 

machine. Initially, the plastic pellets are heated by the electric 

heater bands; however, the shear and friction created by 

turning the injection molding machine screw will provide the 

majority of the energy required to melt the plastic. As the 

screw turns, the plastic pellets melt, and the melted material is 

conveyed toward the discharge end of the injection unit. 

 

Metering of the plastic melt: As the plastic melt is conveyed 

forward through the barrel of the molding machine, it is 

allowed to pass through a nonreturn valve that prevents the 

plastic melt from traveling rearward or back through the valve. 

The plastic melt that moves through the valve and in front of 

the screw will push the screw rearward. This rearward motion 

of the screw, while the screw is turning, creates more shear 

and facilitates the melting of the plastic pellets. The amount of 

plastic melt that is allowed to move through the valve and 

reside in front of the screw is defined by a limit switch or 

stopping point assigned by the molding technician. The plastic 

melt in front of the screw will be the material that is injected 

into the mold to produce the plastic parts. 

Injection of the Plastic Melt into the Mold: Injecting the 

plastic melt into the closed mold requires high pressures 

(between 35 and 205 MPa, or 5 and 30 ksi, on the plastic 

material) and often high speeds. The specific values for 

injecting the plastic melt are a function of the melt viscosity of 

the plastic material, the mold design, and the plastic product 

design. 

Cooling and solidifying of the Plastic in the Mold: Plastic 

materials are thermal insulators; that is, they tend not to absorb 

or release thermal energy at a rapid rate. The plastic part 

designer must avoid thick wall sections to avoid cooling 

problems in the mold. Specifically, parts with thicker wall 

sections require a longer cooling time within the mold; 

additionally, the thick sections may distort, have sink marks, 

or contain voids. To avoid these problems, the designer must 

strive for a nearly constant thickness of every section of the 

part. This nominal thickness must meet the application 

requirements of the part, ensure nearly uniform cooling, and 

be filling by the plastic material selected. As an example, ABS 

plastic material manufacturer may suggest an average wall 

thickness of 2.3 mm (0.090 in.) for a specific plastic. The 

plastic part designer is not bound to make all the walls this 

thickness, but should design the wall to average this 
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dimension. The wall thickness may vary, but only at a 

reasonable rate of change. 

Ejection or Removal of the Molded Part from the Mold: To 

allow an injection-molded part to be removed from the mold 

requires that the part designer consider ejection surfaces and 

draft. Ejection surfaces on the part provide an allowance for 

ejector pins to push the part out of the mold. The ejector pins 

or other mold components such as inserts and slides will leave 

a witness mark on the plastic part, which the plastic part 

designer needs to respect. 

The different compositions and testing conditions used in this 

work are: 

 ABS + 0% Glass fibre 

 ABS + 3% Glass fibre 

III. RESULTS AND DISCUSSIONS 

 

a. Mechanical Characterization  

Tensile Test: Standard test method, ASTM D638, for tensile 

properties of the `plastics has been used to test the composite 

specimens. The specimens before and after the testing were 

shown in the fig. 3 and 4 

  

 

Fig 3: Standard tensile test specimens 

 

 

Fig 4: Tested tensile test specimen 

 

As a preliminary method of investigation, the tension test is 

conducted on the three types of the specimens that is, Pure 

ABS, 3% GF filled ABS and 5% GF filled ABS. The basic 

desired mechanical property like the tensile strength and % 

elongation of the specimen is evaluated by performing the 

tension test on the specimens. Table shows the ultimate tensile 

strength and % elongation for ABS and glass fibre reinforced 

ABS.  

 

 

 

 

 

 

Fig 5: Stress vs Deflection of ABS + 0% GF 
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Fig 6: Stress vs Deflection of ABS + 3% GF                 

 

 

Fig 7: Stress vs Deflection of ABS + 5% GF 

 

Flexural Test: The flexural test was carried out on 

computerized universal testing machine, as per the ASTM 

standards. The test specimens are prepared as per ASTM 

D790 (125X3.2X12.7) mm. The nine specimens were 

subjected to flexural test and their values were reported.  

 

Fig 8: Standard flexural Test specimen 

 

 

Fig 9: Tested specimen    

 

 

Fig 10: Bending Stress vs Deflection of ABS + 0% GF 

 

 

Fig 11: Bending Stress vs Deflection of ABS + 3% GF 
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Fig 12: Bending Stress vs Deflection of ABS + 5% GF 

 

Hardness test: This method covers two procedures for testing 

the indentation hardness of plastics and related plastic 

electrical insulating materials by means of the Rockwell 

hardness tester. A Rockwell hardness number is a number 

derived from the net increase in depth of impression as the 

load on an indenter is increased from a fixed minor load to a 

major load and then returned to a minor load. Rockwell 

hardness readings have been Found reproducibile to ±2 

divisons for certain homogeneous materials with a Young's 

modulus in compression over 35,000 kgf/cm2 (5 X 106 psi). 

Softer plastics and coarse-filled plastic materials will have a 

wider range of variation. A large ball indenter will distribute 

the load more evenly and decrease the range of test results. It 

is desirable to use the smallest ball and highest load that is 

practical because of this loss of sensitivity. Rockwell hardness 

readings over 115 are not satisfactory and shall not be 

reported. Readings between zero and 100 are recommended, 

but readings to 115 are permissible. 

The standard test specimen for hardness is shown fig. 

Rockwell hardness values are reported by a letter to indicate 

the scale used and a number to indicate the reading. The 

choice of scales shall be governed by the considerations 

concerned with the total indentation readings and the final 

scale reading for a particular material and scale.  

Table: 3: Hardness Test Results 

SAMPLE  M SCALE 

 

ABS + 0% GF 

98 

100 

 

ABS + 3% GF 

104 

105 

 

ABS + 5% GF 

108 

109 

 

Morphological Study: Scanning electron microscope (SEM), 

model PHILIPS XL40 is used to study the morphological 

surface of the blends. The microstructure of sample surface is 

investigated in order to determine the influence of different 

loading in ABS. The samples are sputter-coated with gold-

platinum before scanning to minimize the charging effect. A 

bio-rad cool sputter coater, consisting of basic unit and a 

rotary pump was used to coat a non-conductive sample. The 

chamber with the samples inside was vacuumed to the 

pressure of below 5 Pa before the coating process started. A 

20 mA sputtering current with 70 s coating time was used to 

obtain 6 mm deposited gold-palladium film thickness. The 

electron gun of SEM was energized at 25 kV and 250 times of 

magnification was used to capture the micrograph. The 

samples used in this study were pellet with approximately 25 

mm in wide and 25 mm in long. 

Figure illustrates the surface of ABS blend which does not 

contain any filler. 

 

Fig 13: SEM micrograph of ABS  

b. Wear Characterization 

From table 4, Taguchi’s orthogonal array experimental plan 

and wear test results of pure ABS and ABS filled with 3% and 

5% glass fibres are shown. Statistical analysis of experimental 

results has been performed by using Minitab release 17. 

Table 4: Results of wear tests as per Orthogonal Array of L27 (313) 
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Analysis of Variance 

ANOVA is performed to evaluate the relative importance of 

the factors and the error variance [6]. The P-value is the 

probability that the test statistic will take on a value that is at 

least as extreme as the observed value of the statistic. Once the 

P-value is known, it is easy to find how the data is significant 

without the data analyst correctly imposing a preselected level 

of significance. 

Statistically, there is a tool which provides a decision at some 

confidence level as to whether these estimates are significantly 

different. This tool is called an F test, named after Sir Roland 

Fisher. Each combination of confidence, numerator degrees of 

freedom and denominator degrees of freedom has an F-ratio 

associated with it. Fα, v1, v2 is the format for determining an 

explicit F-value [8]. Using α = 0.05, the critical value of F for 

sliding speed, load and sliding distance is F0.05, 1, 9 = 5.12. 

Because 55.72>5.12, 54.08>5.12, and 67.23>5.12 of ABS 

with 0%, 3% and 5% GF, it concludes that the factors sliding 

speed, load and sliding distances significantly affects the wear. 

The P-value is considered for determining the significant 

factors. The values of P less than 0.050 indicate model terms 

are significant. 

The quantity “R-squared” explains about 92.20, 92.50 and 

92.96 percents of the variability in wear. The “predicted R-

Squared” of 0.8578, 0.8633 and 0.8716 is in reasonable 

agreement with the “adjusted R-squared” of 0.9220, 0.9250 

and 0.9296. [9]. 

The effects of the factors are defined to be the change in 

response produced by the change in the level of factor. This is 

frequently called a main effect because it refers to the primary 

factors of interest in the experiment. 

To assist practical interpretation of this experiment, figure 

14(a), (b) and (c) shows the main effect plots by considering 

the factors load, sliding speed and sliding distance. 

 
Fig 14 (a): Main effect for ABS + 0% GF 

 

 
Fig 14(b): Main effect for ABS + 3% GF 
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Fig 14(c): Main effect for ABS + 5% GF 

 

The tendency of the normal probability plot to bend down 

slightly on the left side implies that the left tail of the error 

distribution is somewhat thinner than would be anticipated in a 

normal distribution; that is, the negative residuals are not quite 

as large as expected. A normal probability plot of the residuals 

is shown in figure 15(a), (b) and (c).  

 
Fig 15(a): Normal Probability plot for ABS + 0% GF 

 

 

Fig 15(b): Normal Probability plot for ABS + 3% GF 

 

 

Fig 15(c): Normal Probability plot for ABS + 5% GF 

 

Figure 16(a), (b) and (c) presents the contour lines of the 

continuous response wear in the load and sliding distance 

plane.  

 

Fig 16(a): The Contour Plot for ABS + 0% GF 

 

Fig 16(b): The Contour Plot for ABS + 3% GF 
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Fig 16(c): The Contour Plot for ABS + 5% GF 

 

Frequently, the initial estimates of the optimum operating 

conditions for the system will be far from the actual optimum. 

In such circumstances, the objective is to move rapidly to the 

general vicinity of the optimum. 

 

IV. MORPHOLOGY OF THE COMPOSITES  

Figures 17, 18 and 19 shows the microstructure of the 

composite wear of different compositions i.e. 0%, 3% and 5% 

of reinforcements at 60N load and a sliding distance 6000mm 

was taken.  

The results of the SEM presents the propagation of wear plane 

gets distorted and occurs in all directions due to presence of 

reinforcements. Due to high sliding distance run (3000 mm), 

extensive debris formation with large number of broken fibre 

is seen. Also it may be inferred that the increase in the load 

contributes to the higher wear loss and well supported to the 

wearing data. Also from figures, it is seen that there is distinct 

evidence of the fibre breakages as well as damage to the ABS 

matrix protruding a particle size of 100μm. 

 

 

Fig 17: SEM for ABS + 0% GF after wear test 

 

 
Fig 18: SEM for ABS + 3% GF after wear test 

 

 

 

 
Fig 19: SEM for ABS + 5% GF after wear test 
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V. CONCLUSION 

The experimental and statistical analysis are carried out for the 

mechanical and wear behavior of pure ABS and glass fibre 

filled ABS composites under dry sliding conditions leads to 

the following conclusions.  

 Fabrication of a pure ABS and glass fibre filled ABS has 

been carried out by extrusion and injection molding 

processes. 

 Tensile, flexural & Hardness tests are carried out for 

determining mechanical properties of the ABS and glass 

fibre 

 The experimental design has been planned using Design 

of Experiments and carried out by Taguchi’s Orthogonal 

Array and statistical analysis has been carried for 

determining significant factors affecting the wear. 

 Mathematical models for wear of pure ABS and glass 

fibre filled ABS in dry conditions have been generated 

using statistical analysis. 

 The following conclusions have been drawn from the 

experimental results obtained to determine the wear of 

pure ABS and glass fibre filled ABS under dry and 

lubricating conditions. They are 

 ABS + 5% GF exhibits superior wear properties 

when compared to ABS + 3% GF and ABS + 0%GF 

and it remain constant at higher loads. The reason for 

this may be attributed to plasticization of the 

polymer. 

 From experimental design, Using α = 0.05, the 

critical value of F for sliding speed, load and sliding 

distance is F0.05, 1, 9 = 5.12. Because 55.72>5.12, 

54.08>5.12, and 67.23>5.12 of ABS with 0%, 3% 

and 5% GF, it concludes that the factors sliding 

speed, load and sliding distances significantly affects 

the wear. 

 The values of P less than 0.050 indicate model terms 

are significant.  

Besides this study concerning the influence of characteristic 

properties of ABS and glass fibre, these investigations will not 

only help in understanding wear behavior but also assist in 

design and fabrication of materials for tribological 

applications based on pure ABS and ABS-glass fibre 

composites under different testing conditions. 
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