
 

 ISSN ONLINE 2669-1361, KAUNAS, LITHUANIA 75 

A comparative study of characterization of machined 
surfaces of some commercial polymeric materials under 
varying machining parameters 

Mohammad Salim Kaiser1, Fahim Fazlullah2, Sheikh Reaz Ahmed3 
1Directorate of Advisory, Extension and Research Services, Bangladesh University of Engineering and 
Technology, Dhaka-1000, Bangladesh 
2, 3Department of Mechanical Engineering, Bangladesh University of Engineering and Technology,  
Dhaka-1000, Bangladesh 
1Corresponding author 
E-mail: 1mskaiser@iat.buet.ac.bd, 2fahim.fazlullah@gmail.com, 3srahmed@me.buet.ac.bd 
Received 7 August 2020; received in revised form 13 August 2020; accepted 24 August 2020 
DOI https://doi.org/10.21595/jmeacs.2020.21643 

Copyright © 2020 Mohammad Salim Kaiser, et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. A parametric study has been conducted on the characterization of machined surfaces of 
some commercially available polymeric materials structures obtained under surface finishing. 
More specifically, the major mechanical properties of the machined surface, namely, surface 
roughness, hardness, temperature, as well as chips deformation are evaluated under different 
machining conditions, and are analyzed in a comparative fashion for a number of commercial 
polymeric material samples that include Acrylic (Perspex), High Density Polyethylene (HDPE) 
and Unplasticized Polyvinyl Chloride (uPVC). The machining of the samples is realized through 
a standard horizontal shaper machine with HSS single point V-shaped cutting tool at different 
cutting speed and depth of cut. The measured results show that the surface properties of the 
polymeric materials are affected quite significantly by the change of machining parameters. 
Microstructures of the chips reveal that crack-like flaws are formed at higher cutting speeds and 
lower depths of cut. 
Keywords: machinability, polymeric materials; hardness, roughness; chips formation. 

1. Introduction 

Polymers are basically organic materials having long chain carbon molecules. Polymer 
molecules are formed by a number of monomers. Generally, plastics and plastic composite 
materials are used in production of plastic components. These plastic materials are now enjoying 
wide spread applications for specialty purposes where the properties like, toughness, rigidity, 
abrasion resistance and heat resistance are important [1, 2]. The common engineering applications 
of plastic materials are thus gears, cams, bearings, bushes, valve seats, etc. On the other hand, 
plastic materials have few limitations over conventional metallic applications. For example, 
thermal tolerances of plastic materials are comparatively low, as a result, applications of plastics 
in high working temperature are not favorable. Thermal expansion of plastics is approximately 
ten times higher than that of metals, which is thus one of the constraints needs to be consider in 
their application. Plastic deformation occurs in some plastic materials under heavy stresses [3-6].  

Most of the plastic products require some degree of machining and finishing after their 
processing and before putting in the marketplace. The term machinability generally refers to the 
ease with which a material can be cut/machined permitting the removal of the material with a 
satisfactory surface finish at a low cost. Moreover, materials with good machinability require little 
power to machine with less machining time, easily obtain a good surface finish, and do not cause 
much wear to the tool material; such materials are said to be free machining. It can be noted that 
the factors that typically improve a material’s performance often degrade its machinability. As far 
as economical manufacturing is concerned, engineers are always challenged to find suitable ways 
to improve machinability without harming the performance.  

https://crossmark.crossref.org/dialog/?doi=10.21595/jmeacs.2020.21643&domain=pdf&date_stamp=2020-11-07


A COMPARATIVE STUDY OF CHARACTERIZATION OF MACHINED SURFACES OF SOME COMMERCIAL POLYMERIC MATERIALS UNDER VARYING 
MACHINING PARAMETERS. MOHAMMAD SALIM KAISER, FAHIM FAZLULLAH, SHEIKH REAZ AHMED 

76 JOURNAL OF MECHANICAL ENGINEERING, AUTOMATION AND CONTROL SYSTEMS. DECEMBER 2020, VOLUME 1, ISSUE 2  

Quantitative prediction of machinability is basically a difficult proposition, which is because 
of the fact that machining has a large number of variables and is influenced by the internal nature 
of the material, thereby showing different kinds of behavior by different types of material under 
the same machining conditions. Not only that, even among the same class of materials (metals and 
alloys, for example) subtle variations in microstructure are found to give rise to different 
characteristics under the same operating conditions. The prediction of surface roughness for 
metals in terms of cutting speed, feed rate and depth of cut has been reported in the literature 
[7-11]. The corresponding results revealed that the machining variables like, feed rate and depth 
of cut have a negative influence on the surface roughness. However, it has been also reported that 
there is an optimum value of cutting speed that provides a minimum level of surface roughness 
[7]. Further, in case of machining of high-strength steels, the effect of feed rate is found to be 
much more pronounced on the surface roughness compared to those of cutting speed and depth of 
cut [8]. For machinable glass-ceramics, an increase in cutting speed decreases surface roughness, 
while the same is increased with an increase in either the feed rate or the depth of cut, although 
feed rate has the most dominant effect on the surface roughness [9]. In case of machining mild 
steels, the feed rate was the main influencing factor for surface roughness, which was found to 
increase with increasing feed rate. Among other parameters, depth of cut was found to be less 
sensitive to surface roughness than the cutting speed [10]. For turning of titanium alloy, surface 
roughness increases with the increase of cutting speed and feed rate, and decreases with the 
decrease in depth of cut [11]. In general, the use of higher cutting speed with lower feed rate 
produces a better surface finish, which is mainly due to the increase in temperature [12, 13]. In 
addition, an investigation was carried out that analyzed the effects of radial rake angle of the tool 
in combination with cutting speed and feed rate on the surface roughness [14]. Nowadays plastics 
are being widely employed in the industrial sector. The use of plastics with superior characteristics 
has been increased in several areas, such as equipments of precision, electronics and optics. 
Because of the need of high dimensional accuracy and good surface finish, plastic components for 
these ends should be produced by means of machining processes instead of conventional molding 
processes [15, 16]. 

In the present paper, an attempt is made to characterize machined surfaces of three 
commercially available polymeric materials structures, namely, acrylic, HDPE and uPVC in terms 
of some major mechanical properties of interest, which include surface roughness, hardness, 
temperature, as well as chips deformation. The measured results are then analyzed in the 
perspective of major machining parameters and are demonstrated in a comparative fashion to 
explore the machinability of the above polymeric materials in a quantitative fashion.  

2. Experimental procedure 

Machining operation was carried out with the help of a horizontal push cut type shaper machine 
on commercially available Acrylic (Perspex), High Density Polyethylene (HDPE) and 
Unplasticized polyvinyl chloride (uPVC) samples of dimension 15 mm × 75 mm × 150 mm. The 
HSS single point V-shaped cutting tool with an angle of 60°, clearance angle of 8° and 0.8 mm 
notch radius was used. For machining, the depth of cut considered was 0.5, 1.0, 2.0 and 4.0 mm 
and stroke per minute was 11, 48, 70 and 99 to maintain the cutting speed 3.0, 13.1, 19.4 and 
27.5 m/min, respectively. The feed rate and stroke length was kept constant throughout the 
experiment at 0.254 mm/stroke and 165.0 mm, respectively. After each cut average surface 
roughness (Center Line Average Roughness, 𝑅௔ ) and hardness of the machined surface was 
measured. Attempt was also made to measure the surface temperature of the sample with the help 
of digital pyrometer during machining. Surface roughness of machined surfaces was measured 
with a surface roughness-measuring instrument (Talysurf). Each data of surface roughness 
presented was calculated as the average of ten readings taken. In order to study the effect of work 
hardening, the hardness of the machined surface was measured by Durometer Hardness tester. A 
minimum of fifteen hardness measurements was performed on each sample, and the average of 
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these readings has been taken as the corresponding representative hardness. The machined chips 
for all three materials were photographed using DSLR camera in as-received condition. The 
optical microscopy of all these chip samples was carried out following the standard procedure. 
The micrographs of the different machined surfaces were taken with a USB microscope. The 
photograph of the experimental set-up is shown in Fig. 1. 

 
Fig. 1. Photograph of the machining setup for shaping the surface 

For determination of chip deformation, the inclined depth of cut was first determined as shown 
in Fig. 2, where: 𝑑𝑊 ൌ cos 30°, (1)𝑊 ൌ 𝑑cos 30°. (2)

 
Fig. 2. Inclined depth of cut 

From Eq. (2) for different depth of cut the lateral depth of cut was found and then the chip 
width (𝑊) was compared to find the percentage of deformation. A vernier caliper was used to 
determine 𝑊. 

Deformation along the direction of sample width ሺ𝛿௪ሻ %: 

𝛿௪ ൌ Chips width െ ሺDepth of cut ൊ cos 30°ሻሺDepth of cut ൊ cos 30°ሻ  ൈ 100. (3)

Table 1. Tool geometry and machining condition 
Tool nose radius (mm) 0.8 

Back rake angle (°) 5 
Clearance angle (°) 8 

Feed rate (mm/stroke) 0.254 
Depth of cut (mm) 0.5, 1.0, 2.0, 4.0 

Cutting speed (m/min) 3.0, 13.1, 19.6, 27.6 
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3. Results and discussions  

Fig. 3 shows the variation of surface roughness with cutting speed at different depths of cut 
for the polymer materials. From the figures, it is evident that HDPE samples has the highest 
average surface roughness followed by those of uPVC and Perspex. The change in surface 
roughness with the increase in cutting speed is found to be most significant for HDPE. In general, 
for all depths of cut, increase in cutting speed causes better surface finish. It is observed for HDPE 
samples that, for higher depth of cut, the decrease in surface roughness with increased cutting 
speed is more significant than that at lower depth of cut. The advantage of improving surface 
quality by increasing the cutting speed seemingly attenuates at a very high cutting speed, which is 
found to be more pronounced, especially for higher depths of cut. For Perspex and uPVC samples, 
the change in roughness with the increase in cutting speed is less prominent compared to that of 
HDPE. For example, at 2 mm depth of cut, Perspex shows almost no change in surface roughness 
with respect to cutting speed. Similar trend is observed for uPVC at lower depth of cut. The best 
surface finish for Perspex samples is obtained at 2 mm depth of cut with the cutting speed 3 m/min. 
Again, uPVC shows the best surface finish at the same depth of cut but with a cutting speed of 
13.1 m/min. On the other hand, the optimal surface condition for HDPE samples is obtained at 
1 mm depth of cut and 27.5 m/min cutting speed.  

The influential effect of cutting speed in minimizing the surface roughness of polymeric 
materials is realized to be quite significant. This is due to the fact that, at low cutting speeds less 
heat is generated, and due to the poor thermal conductivity of the polymeric sample, this heat is 
mostly carried away by the tool resulting in less softening of the work material. High cutting speed 
is associated with the higher cutting temperature at the tool-work piece interface, which causes 
increasing softening of the work piece material and reduction of cutting forces, and hence leading 
to better surface finish [17]. It is evident from Fig. 1 that surface roughness increases with the 
increase of depth of cut, which is mainly due to increase in thermal load and vibration on the 
machine tool. Furthermore, because of more contact area between the tool and work piece, higher 
friction and tool wear take place, thereby leading to higher surface roughness [18]. The chip-tool 
interface temperature is closely associated with the cutting speed. With the increase of cutting 
speed, frictional resistance increases, which, in turn, induces higher temperature in the cutting 
zone. With the increase in depth of cut, dimension of the resulting chip is increased, which 
eventually increases the friction and thus temperature. When the depth of cut is increased, the chip 
section and friction of chip-tool is increased, which leads to an increase in temperature [19].  

The characteristic of assuming higher average surface roughness of HDPE can be explained 
by the fact that it has very densely packed linear chains with almost zero side branching, which 
eventually allows the chains to move relative to each other. As a result, when HDPE samples are 
subjected to machining, large plastic zone is developed at the tool-material interface, resulting in 
considerable plastic deformation in a large affected volume before material is removed, thereby 
increasing surface roughness. It is known that uPVC chains are atactic, which cause increased 
space and decreased cohesion among them. Therefore, less shear stress and thus a smaller plastic 
deformation region is noticed, which results in relatively less surface roughness. It is known that 
acrylic is fully amorphous with chains spaced far apart, resulting in least cohesion among them. 
Therefore, it breaks away long before high shear forces can deform the material, i.e., plastic 
deformation region is much smaller compared to the other two specimens, which eventually 
results in decreasing roughness [20]. The higher values of roughness of HDPE samples compared 
to the other two material samples in Fig. 1 can also be attributed to the differences in their chain 
arrangements, the layered arrangement of HDPE chains make it much more ductile; while uPVC 
is less ductile with acrylic being completely brittle. As samples of HDPE is fully ductile, it tends 
to deform plastically at low cutting speeds due to lower shear forces and larger shear area, which 
leads to higher surface roughness. uPVC and acrylic are, due to their brittle-like behaviour, easier 
to machine with less shear forces, thereby resulting in good surface finish even at lower cutting 
speeds [21, 22]. Moreover, the specific heat of HDPE is much higher with a lower coefficient of 
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friction, resulting in generation of lower temperature at the surface layer of the material, and thus 
less thermal softening at lower temperatures, which eventually causes worse surface finish. On 
the other hand, the specific heat is much lower for the other two materials while their coefficient 
of friction is much higher, which results in higher temperature generation and significant thermal 
softening even at lower cutting speeds, and thus better surface finish. 

 
a) 0.5 mm 

 
b) 1.0 mm 

 
c) 2.0 mm 

 
d) 4.0 mm 

Fig. 3. Variation of surface roughness with cutting speed at different depths of cut 

The increasing characteristics of temperature at the work surface as a function of cutting speed 
for the selected depths of cut are described in Fig. 4. For all four cases, temperature increases with 
the increase of cutting speed as well as depth of cut, but the influence of cutting speed is observed 
to be more prominent for all the samples. Least rise in temperature is identified for HDPE samples 
for all depths of cut, while interesting phenomenon is observed for uPVC and acrylic samples. At 
the lowest depth of cut, uPVC shows higher rise in average temperature compared to that of  
acrylic; while at higher depths of cut, acrylic shows on average a greater temperature rise. It is 
also evident that, in most cases, uPVC exhibits gradual increase in temperature with lower cutting 
speeds, and then suddenly experiences an exponential-like increase. The temperature of acrylic 
samples tends to rise sharply at lower cutting speeds, and then slowly steadies out at higher cutting 
speeds. With increasing depth of cut the average surface temperature of the polymers also tends 
to increase. These characteristics can be explained by their thermal and physical properties, which 
are also influenced by their structural nature [23]. HDPE has the least density and coefficient of 
friction while having the highest thermal conductivity, but it also has the highest specific heat due 
to increased intermolecular (inter-chain) attraction, which results in less temperature rise as the 
amount of heat generated at the tool-work interface is quite less compared to the other samples for 
all depths of cut. Although uPVC has lower specific heat capacity and coefficient of friction 
compared to acrylic, acrylic has thermal conductivity higher than uPVC resulting in higher rise in 
temperature for uPVC at the lowest depth of cut. With the increase in depth of cut, volume affected 
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by shear force increases for both uPVC and acrylic; and for the same affected volume, acrylic will 
show less temperature rise as it has less density compared to uPVC. Further, among the present 
materials, acrylic has marginally higher thermal conductivity together with highest coefficient of 
friction, which leads to more heat generation at the tool-specimen interface and more heat being 
carried to the affected volume offsetting the effect of uPVC having a lower specific heat capacity 
and leading to grater increase in temperature for acrylic. Because of higher frictional coefficient, 
acrylic also explains the reason of assuming a higher temperature sensitive response to increasing 
cutting speeds. Increasing depth of cut results in more shear forces accompanied by higher plastic 
deformation, which, in turn, leads acrylic to dissipate more frictional work as it has a higher 
frictional coefficient. 

 
a) 0.5 mm 

 
b) 1.0 mm 

 
c) 2.0 mm 

 
d) 4.0 mm 

Fig. 4. Variation of surface temperature with cutting speed at different depth of cut  

Fig. 5 shows the variation of hardness of the machined surface as a function of cutting speed 
for the selected depth of cuts. For all the states of cutting speeds and depth of cuts, Acrylic samples 
show the highest value of average surface hardness. The uPVC samples show higher surface 
hardness compared to those of HDPE samples except when highest depth of cut is used, where 
HDPE surfaces show higher average hardness unless very small depth of cut is used. It is also 
found that, with the increase of depth of cut, Acrylic assumes a declining trend in the hardness 
with cutting speed except at 4 mm depth of cut, where the values of hardness reach a certain 
minimum (15 m/min) and then again increases with increasing cutting speed. These variations in 
hardness are related to the generation of heat and distribution of shear stresses in the material. On 
average, the generation of heat increases with increase in cutting speed due to greater frictional 
power dissipation which causes the entanglement of the Acrylic chains to weaken. As a result, 
after cooling down the chains now have grater space among them and thus show less resistance to 
indentation. HDPE, on the other hand, shows a deviation from the decreasing trend with average 
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hardness suddenly increasing at certain points instead of decreasing. This is because, unlike 
Acrylic, the magnitude of heat generation is much less due to its high specific heat capacity; here 
the role of shear forces is more dominant than that of Acrylic. HDPE under normal circumstances 
is ordered in parallel chins with only intermolecular forces present among them instead of physical 
chin entanglement as in the case of Acrylic. As a result, when subjected to machining both heat 
generation and plastic deformations influences surface conditions. At points of excessive plastic 
deformation, layers move past each other and deform the lattice in the form of strain hardening, 
thereby increasing the surface hardness. On the other hand, at points where temperature generation 
in more prominent for some reason, it has the effect of spreading the chains farther apart from 
their usual crystal structure, which leads to increasing intermolecular space, reducing 
intermolecular forces, thereby causing a decrease in hardness.  

 
a) 0.5 mm 

 
b) 1.0 mm 

 
c) 2.0 mm 

 
d) 4.0 mm 

Fig. 5. Variation of surface hardness with cutting speed at different depth of cut 

For uPVC, the response is even more complicated as it has both types of structures, although 
amorphous zones are more prominent. In figures a, b and c there are points where the hardness 
suddenly increases followed by a decrease. Further, the points where hardness suddenly jumps are 
the points where the crystalline regions are strain-hardened, and the points where they suddenly 
fall are the points where the generation of increased heat causes amorphous zones to space out. In 
addition to that, uPVC is an atactic polymer with chloride groups in the chains, which make up 
the majority of its mass and are partially charged (Clδ+). Under normal conditions, some chloride 
groups of adjacent chains may be forced to stay together, however, this configuration is unstable 
as the repulsive forces mean that they are in a higher energy state compared to other elements in 
the structure. With the generation of enough heat however they are able to gain enough energy to 
move away from each other and reduce hardness. At higher depths of cut (2, 4 mm), increased 
cutting speeds lead to significantly increased heat generation, which causes both the crystalline 
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and amorphous structures to spread out coupled with relatively lengthened time of cool down, 
thereby causing significant reduction in hardness. 

 
a) 0.5 mm 

 
b) 1.0 mm 

 
c) 2.0 mm 

 
d) 4.0 mm 

Fig. 6. Variation of chips deformation with cutting speed at different depth of cut  

Fig. 6 describes the relationship between chip deformation and cutting speed at different 
depths of cut. For all the values of depth of cut, it is seen that the deformation increases with 
increasing cutting speeds. At higher depth of cut, the variation is low. HDPE has the highest 
average chip deformation compared to the other specimens, especially, at lower depths of cut (0.5 
and 1 mm). Among the other two samples, uPVC shows marginally higher average chip 
deformation compared to Acrylic samples. This distinction, however, diminishes with increase in 
depth of cut, and at 2 mm depth of cut, all the curves almost coincide with one another giving 
nearly the same value of deformations for any particular cutting speed. The response of chip 
deformation with changing cutting speeds is also observed to be dependent on depth of cut. At 
lower depths of cut, the increase in chip deformation with cutting speed is almost exponential, 
while at higher depths of cut, the change in deformation gradually decreases, but no significant 
increase in chip deformation is observed with increasing cutting speeds when 4mm depth of cut 
is used. The increase in depth of cut also results in reduced average chip deformation. The chip 
material is likely to be exposed to high pressure and temperature near the tool-edge and flows 
more or less along the transverse direction to form the side flow [24, 25]. This behavior can be 
explained by the fact that, among the three materials HDPE is highly ductile as its chains are 
arranged in layers and there is no side branching, which, in turn, causes the layers to have a greater 
degree of movement between them with the application of shear stress, thereby causing greater 
average deformation. Moreover, HDPE is the material of least density among the three materials, 
due to absence of any high molecular weight side groups in the chains, which results in requiring 
less thermal energy to initiate deformation in spite of having the highest specific heat capacity. 
Again, looking at the coefficient of thermal expansion reveals that, for the same temperature 
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increase, the linear expansion of HDPE is almost 10 times higher than that of Acrylic and uPVC. 
At lower depths of cut, the chips produced from uPVC are comparatively of lesser thickness and 
hence volume, thereby requiring less shear stress and heat to induce higher deformation. As the 
depth of cut increases, the material volume removed is increased along with its mass resulting in 
a need for greater heat generation to cause the same chip deformation. As a result, with increase 
in cutting speed, though the friction and hence heat increases due to greater surface of contact 
between the specimen and tool, it is not enough to generate the amount of heat required to cause 
a higher chip deformation, which eventually results in the reduction in chip deformation with 
increase in depth of cut as well as the diminished response to the increase in cutting speed for all 
three materials investigated [26].  

Fig. 7(a) shows the effect of real temperature on the hardness of the three polymers. A common 
trend for all the material is that, with the increase in temperature, the hardness of all the materials 
decreases nonlinearly. It can be seen that the average hardness of Acrylic is quite higher from that 
of uPVC, especially for high temperature ranges, but HDPE shows significantly less hardness 
compared to the other two materials. Acrylic shows a lower rate of hardness change with respect 
to temperature compared to that of uPVC, and the highest rate of change is observed for HDPE, 
particularly at lower and higher temperature ranges. It is well known that indentation hardness is 
a measure of the resistance of a material to permanent shape change. In this regard, it would have 
reaction to the microstructure of the material. HPDE is arranged in parallel chain layers which are 
able to deform plastically under load. That is why HDPE shows the least hardness among the three 
materials. Acrylic is almost fully amorphous and has higher number of entanglement junctions 
per unit volume and higher characteristic chain ratio compared to uPVC [27], resulting in high 
chain entanglement (and brittleness), which eventually results in almost no plastic deformation 
under applied loads. This may be considered as the basis for Acrylic to assume higher hardness 
compared to uPVC and HPDE. The mobility among the chains also affects hardness when 
subjected to temperature change. As the temperature increases, the HDPE chains are easily 
displaced and thus causes the hardness to reduce greatly. Since Acrylic chains are more entangled, 
less reduction in hardness is encountered with the increase of temperature.  

 
a)  

 
b)  

Fig. 7. a) Variation of hardness with real temperature, and b) true stress strain curves 

Fig. 7(b) shows the relations of true stress and true strain for the three polymeric materials. 
HDPE shows a high degree of plastic deformation before the break, while Acrylic shows no plastic 
deformation. uPVC shows very marginal plastic deformation. As discussed earlier, HDPE is 
structured in layers where each layer of chains can move relative to each other, giving rise to 
ductile characteristics, and hence it shows the highest plastic deformation followed by uPVC; 
lastly, Acrylic is very much brittle and hence no plastic deformation at all. The inability of Acrylic 
chains to move relative to each other eventually leads to the highest strength, however, HDPE 
sample undergoes strain hardening with the process of plastic deformation and shows the second 
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highest strength, further increase beyond this point causes rupture among the molecules. uPVC 
deforms plastically for a very small portion of the total strain, because of which it is experiencing 
less crystalline areas [28, 29]. 

The behavior of HDPE is expected as it is fully ductile in nature because of its structure and 
so easily deforms plastically, even al lower stresses and thus gives coiled chains. Acrylic is almost 
fully material and so in the course of machining it produces fractured chips (continuous chips with 
BUE) due to its inability to plastically deform and at sufficiently high depths of cut gives fully 
discontinuous chips. In the case of uPVC discontinuity are less prominent in lower depths of cut 
as it can plastically deform to some extent. At highest depth of cut (4 mm) however it also shows 
the formation of cracked chips though the phenomenon is far less severe compared to Acrylic for 
the above-mentioned reasons. At the highest depth of cut and highest speed the disseverance of 
discontinuous chips and cracked chips of any type is due to two reasons; one being that uPVC is 
not fully amorphous so completely discontinuous chips are almost impossible to form for uPVC, 
the other being that at increased cutting speeds heat generation is grater leading to increased 
thermal softening and thus better chip formation. The types of produced chip can give important 
information on the machining. In the case peculiar of the plastics, it can happen two types of chips, 
the continuous and discontinuous. The continuous chips can be produced by a great elastic 
deformation or by a shearing action along a shear plan, occurring when small cutting speeds are 
used and in materials with a great strain. The shear plan will be in the direction in which the 
minimum work is demanded to form a chip, and the chips are continuous because the shear 
intervals are small. Different types of discontinuous chips can be formed when great compressive 
stresses are involved or when a brittle material is machined. It can also happen when a 
thermoplastic is machined at a large rake angle or a great cutting depth. This results in a fissure 
that extends down the point of the tool, and the chip is produced by the bending moment, which 
acts on the chip after the crack grow to some length. It is never observed when metals are cut, 
except for some kinds of cast iron [30]. As regard to the characterization of chips, Figs. 8 show 
the chips formed during machining of Acrylic, HDPE and uPVC at various cutting speeds and 
depths of cut. The chips of Acrylic generated due to slow cutting speed 3.0 m/min and 0.5 mm 
depth of cut are seen to be continuous and curly (Fig. 8(a)). It appears from the slip of chip that 
this is produced with BUE. Fig. 8(d) shows the chips of the same material produced at 
considerably higher velocity at 17.5 m/min. Though the chips are standard continuous chips, 
sufficient cracks are visible at the edges depending upon the brittleness of the chips. The chips of 
Acrylic at minimum velocity of 3.0 m/min and higher depth of cut 4.0 mm show some cracks in 
the edges of chips, but they are more continuous (Fig. 8(g)). At higher velocity and higher depth 
of cut produce discontinuous chips (Fig. 8(j)). Lack of ductility and high work hardening are 
noticed in the chips from Acrylic. It can be seen by Fig. 8(b, e, h, k), the change in the chip form 
for cutting speeds of 3.0 and 27.5 m/min and the depth of cut 0.5 mm and 4.0 mm shaping from 
HDPE to a spiral form. But the intensity of coil increases with the cutting speed. In case of uPVC 
(Fig. 8(c, f, i, l)), at a low cutting speed the chips have become curly as caused by BUE. At higher 
cutting speed, the curly nature of the chips changes and the chips become continuous but with 
cracks at the edges. Similar results also are shown for higher depth of cut. It is rather ductile and 
it can sustain a higher deformation at a high cutting speed without undergoing cracking at the 
edges. Curl radius was found to be related to the cutting speed for all depth of cut. Low cutting 
speed led to small chip curl radius while with increasing cutting speed, chip curl radius increased 
gradually. With increase of the cutting speed, the shearing bands become more and more intense 
with a considerable reduction in the width of contact between the segments up to fragment. This 
is attributed to the phenomenon of localized deformation in the primary shear zone that becomes 
more important with the increase in the temperature. The mechanical properties of material thus 
decrease in the cutting zone by reducing resistance to the plastic deformation and thus cause an 
abrupt shearing of the chip by creating a plastic instability [21]. With decreasing chip thickness 
and increasing curl radius, the effect of heat was diminished. The influence of heat on the thick 
chips with small curl radii can be explained by several factors. Firstly, the thick chips with small 
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curl radii have comparatively less surface area than those with small thickness and big curl radius. 
This means less efficient heat dissipation especially when the chips are in contact with the tool. 

 
a) Acrylic 3.0 m/min at 0.5 mm 

 
b) HDPE 3.0 m/min at 0.5 mm 

 
c) uPVC 3.0 m/min at 0.5 mm 

 
d) Acrylic 27.5 m/min at 0.5 mm 

 
e) HDPE 27.5 m/min at 0.5 mm 

 
f) uPVC 27.5m/min at 0.5 mm 

 
g) Acrylic 3.0 m/min at 4.0 mm 

 
h) HDPE 3.0 m/min at 4.0 mm 

 
i) uPVC 3.0 m/min at 4.0 mm 

 
j) Acrylic 27.5 m/min at 4.0 mm 

 
k) HDPE 27.5 m/min at 4.0 mm 

 
l) uPVC 27.5 m/min at 4.0 mm 

Fig. 8. Photo micrograph of the chips generated due to machining  
at different cutting speed and depth of cut 

Fig. 9 shows the plastically deformed layers of the composites on the chip surfaces and the 
shear deformation characteristics after machining at different cutting speed and depth of cut. At a 
low cutting speed and different depth of cut, the chips surfaces of the material are very similar of 
the nature of relatively brittle. The areas created by crack propagation are evident. Microstructures 
reveal what was found earlier. Significant improvement for HDPE is found with increasing cutting 
speed with deep marks being present at lower cutting speeds and with the change being most 
noticeable at higher depths of cut. uPVC and Acrylic both show less improvement in surface 
texture in comparison to HPDE at higher cutting speeds. Also, indentation marks and deep grooves 
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are less noticeable for both Acrylic and uPVC with both having almost the same intensity of 
scratches. However, it is seen that at 4 mm depth of cut and 27 m/min cutting speed Perspex shows 
small bumps spread throughout the surface. This is the effect of excessive heat generation causing 
gumping in the material. In general Perspex shows the best surface texture excluding the previous 
case only [31].  

 
a) Acrylic 3.0 m/min at 0.5 mm 

 
b) HDPE 3.0 m/min at 0.5 mm 

 
c) uPVC 3.0 m/min at 0.5 mm 

 
d) Acrylic 27.5 m/min at 0.5 mm 

 
e) HDPE 27.5 m/min at 0.5 mm 

 
f) uPVC 27.5m/min at 0.5 mm 

 
g) Acrylic 3.0 m/min at 4.0 mm 

 
h) HDPE 3.0 m/min at 4.0 mm 

 
i) uPVC 3.0 m/min at 4.0 mm 

 
j) Acrylic 27.5 m/min at 4.0 mm 

 
k) HDPE 27.5 m/min at 4.0 mm 

 
l) uPVC 27.5 m/min at 4.0 mm 

Fig. 9. Optical microstructure of the surface generated due to machining  
at different cutting speed and depth of cut 

4. Conclusions 

Machined surfaces of some selected polymeric materials structures are investigated for their 
characterization as a function of different machining parameters. It is observed that higher cutting 
speed and low depth of cut ensures better surface finish for all the material samples. The 
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temperature reduces the hardness of the composites due to nature of amorphous thermoplastic. 
For all three materials, the average chip-tool interface temperature is found to increase with the 
increase of cutting speed and depth of cut, in which the effect of cutting speed is more prominent 
for all the cases. Chips deformation is found to increase with cutting speed and depth of cut, 
although the role of cutting speed is identified to be more effective than depth of cut. 
Microstructures of the chips reveal that crack like flaws are formed at higher cutting speeds and 
higher depths of cut, and fewer cracks are observed at higher speeds and lower depths of cut. 
Among the three polymeric materials, Acrylic samples show better surface finish. 
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