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Abstract
Glass fiber-reinforced plastic (GFRP) composites take place in engineering materials owing to their low-weight and 
high-mechanical properties. In some cases, they need to be shaped by machining before using in industrial applica-
tions. However, when these composites are machined, many problems such as bad surface quality, rapid tool wear are 
encountered. Therefore, optimization of cutting parameters is essential to eliminate or minimize these problems. In this 
study, GFRP composites were produced by combining polyester matrix material with glass fibers (GF) having 6 mm, 
6–12 mm, 12 mm fiber length, and 20%, 25%, 30% fiber ratio by weight. The tensile strengths of these composites were 
investigated. Turning tests were also performed with cutting speeds of 40, 80, and 120 m/min, feed rates of 0.1, 0.2 and 
0.3 mm/rev, and depth of cut of 1, 2, and 3 mm, according to Taguchi  L27 standard orthogonal array method. The effect 
of fiber length and ratio, and cutting parameters on cutting forces and surface roughness were analyzed. As a result of 
the experiments, it was observed that the reinforced polymer matrix with GF provide to increase the tensile strength. 
The highest tensile strength was obtained as 55.95 MPa from the composite having a fiber length of 12 mm and a fiber 
ratio of 25%. Besides, the feed rate was determined as the most effective parameter among the all parameters on both 
cutting force and surface roughness. Therefore, the feed rate should be chosen low for lower cutting force and surface 
roughness values.
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1 Introduction

GFRP composites are one of the most commonly used 
engineering materials in application areas such as aero-
space, defense, construction, automotive, marine, nuclear, 
robot, healthcare, and chemical industries due to their 
easy availability, low cost, high hardness, high fracture 
strength [1–3]. They meet the special features of the devel-
oping technology better than traditional materials. How-
ever, their fabrication methods and fiber types influence 
the mechanical and tribological properties. Sivasankaran 
et al. [4] fabricated GFRP composites from glass fiber mat 

and glass fiber woven fabrics by filament winding. The 
mechanical properties of GFRP composites produced 
with woven fabrics were found to be higher than those 
produced with glass fiber mat. Jawali et al. [5] fabricated 
short GF-reinforced nylon six composites having differ-
ent weight ratios by the melting–mixing method. It was 
observed that wear resistance of composites increased 
with GF content. As the mechanical and tribological 
behaviors of GFRP composites are improved, their usage 
areas are increasing day by day and they are subjected to 
different processing methods [6–9].
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Although GFRP composites are shaped by different 
production methods, their dimensions and geometric 
shapes must be taken into account. In some cases, machin-
ing methods such as turning, milling, drilling are often 
needed to give the final shape of these composites. As 
GFRP composites have the anisotropic structure, problems 
such as rapid tool wear, bad surface quality, excessive cut-
ting force and power consumption are encountered dur-
ing machining [10–12]. These problems can be controlled 
with cutting parameters such as cutting tool material, feed 
rate, cutting speed, and depth of cut [13–15]. Sarma et al. 
[16] investigated the effects of feed rate, cutting speed, 
depth of cut, and fiber orientation angle on cutting forces. 
Cutting forces was determined to increase with increas-
ing the feed rate, cutting speed, depth of cut, and fiber 
orientation angle. However, the cutting forces started to 
decrease depending on increasing cutting speed when the 
cutting speed was above a critical value. Işık and Kentli 
[17] examined the effects of cutting parameters on cutting 
force and the material removal rate in machining of GFRP 
composites at different process parameters. The results 
showed that optimum cutting parameters varied with the 
insert radius. Gill et al. [18] researched the effects of tool 
geometry, feed rate, cutting speed, and depth of cut on 
cutting forces such as tangential, radial, and feed forces 
in turning with carbide tools having a different radius and 
chip angles of GFRP composites. The tool geometry and 
depth of cut were expressed to have significant effects on 
cutting forces. Paula Davim and Mata [19] investigated the 
effects of cutting parameters on machinability with PCD 
and K15 cutting tools in the machining of GFRP compos-
ites fabricated by hand lay-up method. The specific cutting 
pressure decreased with increasing feed rate and cutting 
speed. They also observed that the PCD cutting tool per-
formed better machinability performance than the K15 
cutting tool. In another study, Davim and Mata [20] turned 
GFRP composites in different cutting parameters. The feed 
rate was found as the most effective machining parameter 
on surface roughness and specific cutting pressure due to 
the physical and statistical effect. GFRP composites fabri-
cated by hand lay-up method provided a better process-
ability index than those produced by the filament wind-
ing method. Hussain et al. [21] investigated the effects 
of fiber orientation angle, cutting tool type (K20, CBN, 
and PCD), feed rate, cutting speed, and depth of cut on 
power consumption in turning of GFRP composite pipes. 
In experimental results, they stated that power consump-
tion was lower in low feed rate, cutting speed and fiber 
orientation angle, and medium depth of cut. They also 
impressed that the PCD tool performed the best in power 
consumption. Işık [22] examined the effects of cutting 
parameters such as depth of cut, feed rate, cutting speed, 
and tool geometry on surface roughness in machining of 

GFRP composites. The cutting force and power consump-
tion could be controlled with cutting parameters and tool 
materials [23–25]. Surface roughness also varies depend-
ing on cutting parameters and tool material. It was recom-
mended that the GFRP composites should be turned at 
high cutting speed, low feed rate, and high depth of cut 
[26]. However, Kumar Parida et al. [27] stated that opti-
mum cutting parameters for better surface quality were 
obtained from low feed rate, cutting speed, and depth of 
cut, and they stated that the most effective parameter was 
cutting speed. In a study conducted by Hussain et al. [28], 
surface roughness value increased with increasing fiber 
orientation angle and feed rate, and it decreased with 
increasing cutting speed and depth of cut. According to 
Gupta and Kumar [29], in turning of GFRP composites, 
surface roughness value decreased with increasing tool 
nose radius. Surface roughness value was seen to increase 
with increasing feed rate, cutting speed and depth of cut 
in their experimental results. In some studies [30, 31], it 
was emphasized that an increase the feed rate generally 
had a negative effect on surface roughness. However, this 
situation showed different behavior for cutting speeds and 
depth of cut.

When the studies are investigated, it has been seen that 
the effects of fiber orientation angle, composite produc-
tion method, tool material, cutting parameters such as 
tool geometry, feed rate, cutting speed, and depth of cut 
on surface roughness, cutting force, power consumption, 
and tool wear were investigated. The optimization of cut-
ting parameters was also made. However, it was observed 
that there isn’t the detailed study about the production 
and turning of GFRP composites produced using chopped 
fibers of different fiber lengths and different ratios. In this 
study, GFRP composites having different fiber lengths and 
ratios were produced. The tensile strength of these com-
posites was determined. Furthermore, these composites 
were turned in different cutting parameters according to 
the Taguchi  L27 standard orthogonal array method. The 
effects of cutting parameters, fiber length, fiber ratio and 
tensile strength on cutting force and surface roughness 
were researched.

2  Materials, methodology and experimental 
procedure

2.1  Production and tensile test of GFRP composites

Chopped glass fibers (GFs) with different fiber lengths as 
reinforcement elements and Poliber brand cast polyester 
as the matrix material were commercially provided for the 
production of GFRP composites. Fiber lengths of GFs were 
6 mm and 12 mm. Some properties of GF reinforcement 
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elements are given in Table 1. Fiber lengths and ratios are 
also given in Table 2.

Chopped fibers were kept in the oven at 100 °C temper-
ature for 2 h and removed the moisture in the fibers. The 
reinforcement and matrix materials were weighted with 
the Precisa brand XB 220A precision scale with a capacity 
of 220 g and a sensitivity of 0.1 mg. Then, mixtures were 
prepared in the determined proportions according to the 
combination of parameters given in Table 2. The produc-
tion steps of the reinforced mixture having fiber length of 
12 mm and fiber ratio of 30% weight are given in Fig. 1.

The mixture was poured into the prepared silicone 
mold to determine the tensile strength given in Fig. 2, and 
the remaining mixture was poured into a cylindrical plastic 

mold having an internal diameter of 44 mm for turning 
tests.

The molded mixtures were cured for 24 h. Then, the 
composites were took out from the molds. Composites 
were kept at room temperature for 14 days to provide 
complete curing. The images of the GFRP composites pro-
duced for turning tests are given in Fig. 3.

Tensile tests were performed with Shimadzu brand uni-
versal tensile tester shown in Fig. 4 in a speed of 1 mm/
min. The data obtained from the tensile tester were used 
for stress–strain graphs of the samples.

2.2  Turning tests and Taguchi test design

In turning of GFRP composites, a number of tests are 
required to determine the effects of fiber length, fiber 
ratio, feed rate, cutting speed, and depth of cut on cutting 
force and surface roughness values. For turning experi-
ments, tungsten carbide cutting tool coated TiAlN triangu-
lar YBG205 class was used; and cutting parameters given in 
Table 3 were selected. These parameters were determined 
according to the recommended cutting parameters for 
cutting tools and the literature studies [15, 19–21, 23].

When turning tests are performed depending on the 
fiber length and ratio, and cutting parameters, 243 tests 
are required totally. Turning experiments were performed 
by designing the experimental setup according to Tagu-
chi  L27, 3-level standard orthogonal array to reduce the 
number of tests, and to determine the effect factor of 
the determined parameters on cutting force and surface 
roughness. 27 turning tests were carried out according to 

Table 1  Properties of GF reinforcement

Properties Values Units

Tensile strength 3400 MPa
Elasticity modulus 77 GPa
Application temperature limits − 60… + 650 °C
Melting temperature 1120 °C
Specific weight 2.60 g/cm3

Diameter of fiber 13–15 µm

Table 2  Lengths and ratios of 
GF reinforcement

Fiber Values Units

Length 6, 6–12 and 12 mm
Ratio 20, 25 and 30 %wt

Fig. 1  Production stages of 
the reinforcement and matrix 
material mixtures

Polyester 
Matrix

Hardener and Accelerator

Polyester+Hardener+Accelerator

GF

Mixture of reinforcement and 
matrix

Glass Fiber 
(GF)
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this test design. The parameters and levels for Taguchi  L27 
standard orthogonal array are given in Table 4.

Turning experiments were carried out SMARC brand 
CAK6166B X 2000 CNC lathe. The counter diameter of 

the machine and the distance between the tailstock 
were 660 mm and 2000 mm respectively and the spindle 
speed was in the range of 21–1620 rpm. The main motor 
power was 11 kW, and it was turret type 4 and vertical, 
and the diameter of the tailstock was 75 mm, and the 
tool size was 25 × 25 mm.

2.3  Determination of cutting force and surface 
roughness

Kistler 9257B type dynamometer was connected to 
CNC lathe to measure cutting forces. Signals from the 
dynamometer were transferred to the Kistler 5070A 
amplifier. Force signals from the dynamometer were 
transferred to the computer with DynoWare soft-
ware and plotted. The experimental setup is shown 
in Fig. 5.

Pure Polyester

30% GF+Polyester 

25% GF+Polyester 

20% GF+Polyester 

165

13 19

57

93.3

Fig. 2  Dimensions of the tensile test specimens and pouring the 
mixtures into the silicone mold

Fig. 3  GFRP reinforced com-
posite materials

Fiber length: 6 mm

30% 25% 20% 30% 25% 20% 30% 25% 20%

Fiber length: 6-12 mm Fiber length: 12 mm

Fig. 4  Shimadzu brand tensile tester

Table 3  Cutting parameters

Parameters Units Symbols Values

Cutting speed m/min V 40, 80 and 120
Feed rate mm/rev f 0.1, 0.2 and 0.3
Depth of cut mm a 1, 2 and 3
Cutting length mm l 20

Table 4  Parameters and levels

Variables Units Levels

1 2 3

Fiber length mm 6 6–12 12
Fiber ratio %wt 20 25 30
Cutting speed m/min 40 80 120
Feed rate mm/rev 0.1 0.2 0.3
Depth of cut mm 1 2 3
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DynoWare software calculates minimum, maximum, 
and average values for Fx, Fy, and Fz forces. Values to be 
considered among these values are the average forces. 
While the force in the direction of feed is only of great 
importance in drilling, all forces in the directions of feed, 
rotation, and radial are of great importance in the turn-
ing. In this direction, the cutting force must be consid-
ered in turning tests. The cutting force (F) is calculated 
in Eq. 1 by writing the average forces in the Fx, Fy, and Fz 
directions:

The roughness values of the machined surfaces of GFRP 
composites were measured with Time TR-110 portable sur-
face roughness tester. This surface roughness tester was 
a digital display and pocket type and could be used for 
measuring flat and cylindrical workpieces. In the surface 
roughness measurement, the cut-off length was chosen 
as 0.8 mm. The surface roughness values were measured 
from four different regions over the machined surface, and 
their average values were calculated. Thus, average surface 
roughness values (Ra) were determined.

(1)F =

√

Fx
2
+ Fy

2
+ FZ

2

3  Experimental results and discussions

3.1  Tensile strength results

Tensile tests were carried out to determine the tensile 
strength of GFRP composites having different fiber lengths 
and ratios. Tensile specimens were produced by ASTM 
D638 Type I of the ASTM Standard, and the tests were 
performed at a speed of 1 mm/min. Stress–strain graphs 
obtained from the result of the test are given in Fig. 6.

Since the mechanical properties of polyester matrix 
materials depend on the bond between the molecules 
at each point, their tensile and compressive strengths are 
related to the bond’s strength. However, the addition of 
reinforcing materials increases or decreases the strength 
of the matrix material according to the reinforcement type 
and properties. In tensile tests, the tensile strength of pure 
polyester was obtained as 24.6 MPa. For fiber length 6 mm, 
the tensile strengths of the composites having fiber ratios 
of 20%, 25%, and 30% were 36.17 MPa, 53.85 MPa, and 
42.05 MPa, respectively. For fiber length 6–12 mm, the ten-
sile strengths of the composites having fiber ratios of 20%, 
25%, and 30% were 37.85 MPa, 48.6 MPa, and 47.98 MPa, 
respectively. For fiber length 12 mm, the tensile strengths 
of the composites having fiber ratios of 20%, 25%, and 30% 
were 43.3 MPa, 55.95 MPa, and 51.18 MPa, respectively. It 
was observed that tensile strengths increased in all fiber 
lengths with increasing fiber ratio. When tensile test results 
were examined, it was seen that all the samples having a 
25% fiber ratio showed the highest strength. The maximum 
tensile strength (55.95 MPa) was obtained from the compos-
ite having a fiber length of 12 mm and a fiber ratio of 25%. 
In the same fiber ratio, composites having a fiber length of 
12 mm exhibited a stable structure and gave the highest 
tensile strength. When the strain values were examined, it 
was seen that the strain value increased as the reinforce-
ment ratio increased in the matrix. However, the strain val-
ues exhibited different behaviors for different fiber lengths 
and ratios. This could be explained by the agglomeration 
of fibers due to static electricity, leading to the inability to 
obtain a homogeneous mixture during production.

Fiber length and distribution are an important factor 
to be considered in tensile strength [32, 33]. Takagi and 
Ichihara [34] indicated that the increase in fiber length 
improved their mechanical properties. It was determined 
that the tensile strength and elasticity module increased 
with increasing reinforcement length and started to 
decrease after a critical value [35, 36]. They interpreted 
this because of low fiber-matrix adhesion [37].

Fig. 5  The experimental setup and the measurement of cutting 
forces
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3.2  Machinability results

The cutting force has a significant impact on the machina-
bility of the materials during the turning operation. Hence, 
it is crucial to understand the factors that affect machina-
bility and to evaluate their effects. The effects of cutting 
forces on machinability have been investigated by various 
researchers, and investigations have been carried out to 
determine the appropriate cutting conditions.

Low cutting force means less cutting tool wear, less cost, 
and excellent surface quality. In this direction, the effects 
of turning parameters such as feed rate (f ), cutting speed 
(V), depth of cut, fiber length, and ratio on cutting force (F) 
were investigated according to the Taguchi method. Dur-
ing turning tests of GFRP composites, Fx, Fy, and Fz forces 
were measured with a dynamometer. The directions of the 
Fx, Fy, and Fz forces of the dynamometer connected to the 
CNC lathe are given in Fig. 7.

In Fig. 7, Fx, Fy, and Fz show the forces in directions of 
rotation, radial, and feed, respectively. The graph drawn 
by data obtained from the dynamometer is shown in Fig. 8.

Effects of fiber length, fiber rate, cutting speed, feed 
rate, and depth of cut on cutting force were determined 
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Fig. 6  Stress–strain diagrams of the composites

Fig. 7  Fx, Fy and Fz forces in dynamometer for turning experiments
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by entering all values in Taguchi  L27 standard orthogonal 
array. The effects of the turning parameters on the cutting 
force were converted into graphs. The signal to noise ratio 
(S/N) obtained for the cutting forces depending on the 
turning parameters is given in Fig. 9, and the cutting force 
graphs are given in Fig. 10.

In Fig. 9, the smallest value was chosen as the best in 
S/N to obtain minimum cutting force values. That means 
the absolute value of the ratios in the negative values on 
the y axis in Fig. 9 was the smallest. It can be seen well in 
Fig. 10.

As shown in Fig.  10, cutting forces increased with 
increasing the fiber length and ratio. Since the increase in 
fiber length increased tensile strength, it could be thought 
that tensile strength had an essential effect on cutting 
force. On the other hand, the increase of the reinforce-
ment rate caused to decrease the tensile strength after the 

reinforcement rate of 25%, but there wasn’t decrease in 
cutting force. This is because of the cutting force increases 
due to the fiber ratio during turning. Similarly, the increase 
in feed rate and depth of cut increased the cutting forces. 
However, the cutting force increased with increasing 
cutting speed from 40 to 80 m/min and decreased with 
increasing cutting speed from 80 to 120 m/min. The mini-
mum cutting force of 129.93 N was obtained from fiber 
length of 6 mm, fiber ratio of 20%, cutting speed of 40 m/
min, depth of cut of 1 mm, and feed rate of 0.1 mm/rev. 
On the other hand, the maximum cutting force of 283.58 N 
was obtained from fiber length of 12 mm, fiber rate of 25%, 
cutting speed of 40 m/min, depth of cut of 3, and feed 
rate of 0.3 mm/rev. Because the fiber material had excel-
lent mechanical properties, the forces on the cutting tool 
increased during turning. Besides, the number of mate-
rials to be removed by the cutting tool increased with 

(a) Fiber length: 6 -12 mm, fiber ratio: 25%, V:120 
m/min, f:0.1 mm/rev, a:3 mm

(b) Fiber length: 12 mm, fiber ratio: 20%, V:120 m/min, 
f:0.2 mm/rev, a:1 mm

Fig. 8   Fx, Fy and Fz force diagrams in turning of GFRP composite
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increasing feed rate and depth of cut, and this situation 
increased the cutting forces on the cutting tool. A similar 
situation could be said for cutting speed up to a critical 
value. However, it started to behave different above this 
critical value. It is thought to be due to the heat generated 
by the friction between the cutting tool and the workpiece 
softening the matrix material. Similar results were reported 
by Paulo Davim et al. [38], Adam Khan and Senthil Kumar 
[39], and Kiliçkap et al. [40]. The effect of rankings of the 
turning parameters on the cutting force is given in Table 5.

When the effect parameters produced by the Taguchi 
method were taken into consideration, the effect rankings 
on cutting force were feed rate, fiber rate, fiber length, 
depth of cut, and cutting speed. In turning GFRP compos-
ites, it was observed that the most effective parameter for 
cutting forces was feed rate, and the least one was cutting 
speed. Consequently, cutting speed, feed rate and depth 
of cut values should be selected optimal depending on 
tensile strength of composite materials. If not, plastic 
deformation wont occur and machinebility will be hard.

Surface quality is one of the most critical issues in 
machining. Deviations between axes, tolerances, and sur-
face roughness are determined with surface quality for 
the parts to be machined. Generally, deviations depend 
on factors such as material, cutting tool, machine tool, and 
operator. Tolerances include the type of machine tool and 
compatibility of the workpiece and cutting tool. Surface 
roughness is affected by cutting tool type, tool geometry, 
cutting parameters, and environmental conditions. Con-
sidering the factors affecting the surface quality, surface 
roughness, which is closely related to the change of cut-
ting parameters, is an essential factor. The effects of fiber 
length, fiber ratio, cutting speed, feed rate, and depth of 
cut on average surface roughness were determined by 
entering average surface roughness values in Taguchi  L27 
standard orthogonal test design section, and the results 
were analyzed. The effects of the turning parameters 
on the average surface roughness were converted into 
graphs. The signal to noise ratio (S/N) for average surface 
roughness is given in Fig. 11, and the average surface 
roughness graph is given in Fig. 12.

In Fig. 11, the smallest value was chosen as the best in 
S/N to obtain minimum average surface roughness values. 
In this context, the minimum values for S/N were obtained 

when levels of the fiber length, fiber ratio, cutting speed, 
feed rate, and depth of cut were 1. The maximum values 
for S/N were obtained when the level of fiber length was 
two and levels of the fiber ratio, feed rate, and depth of 
cut were 3.

Table 5  Effect ranking on the 
cutting forces of the turning 
parameters

Levels Fiber length Fiber ratio Cutting speed Feed rate Depth of cut

1 200.5 197.1 212.3 187.8 199.9
2 213.0 218.5 237.9 213.6 217.5
3 240.4 238.3 203.8 252.7 236.6
Delta 40.0 41.2 34.0 64.9 36.7
Effect rankings 3 2 5 1 4
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In Fig. 12, the average surface roughness value for the 
fiber length of 6 mm was quite low. The average surface 
roughness value for the fiber length of 6–12  mm was 
higher than the fiber length of 6 mm and 12 mm. In this 
context, the worst surface quality was obtained from 
6–12 mm fiber length. The reason might be that a fiber 
length of 6 mm and 12 mm reinforcement materials could 
not be homogeneously mixed. On the other hand, the sur-
face roughness value on the machined surfaces increased 
with increasing fiber rate. It is thought that the fiber rein-
forcement elements don’t get wet enough in the matrix. 
Giridharan et al. [37] also determined that poor bond-
ing between matrix and reinforcement occurred with 
high fiber length and ratio. Therefore, high fiber content 
increased surface roughness.

When the effect of cutting speed, feed rate and depth 
of cut on the average surface roughness value was exam-
ined, it was seen that the average roughness value of the 
machined surfaces increased with increasing the values 
of these four factors.

The lowest average surface roughness value was meas-
ured as 2.95 µm from fiber length of 6 mm, fiber rate of 
20%, cutting speed of 40 m/min, depth of cut of 1 mm, and 
feed rate of 0.1 mm/rev parameters. The highest average 
surface roughness value was measured as 5.48 µm from 
fiber length of 6 mm, fiber rate of 30%, cutting speed of 
120 m/min, depth of cut of 3 mm, and feed rate of 0.3 mm/
rev parameters.

Taguchi’s standard orthogonal array method success-
fully analyzed the effects of turning parameters on average 
surface roughness as being in the cutting force. The effect 
rankings of the turning parameters on the average surface 
roughness values are given in Table 6.

The effect rankings of the turning parameters on the 
average surface roughness values were feed rate, cutting 
speed, fiber ratio, depth of cut, and fiber length. In turning 
GFRP composites, it was observed that the most effective 
parameter for average surface roughness was feed rate; 
and the least one was fiber length.

In turning experiments carried out according to the 
Taguchi standard orthogonal array method, the results 
obtained from both experimental studies and the Taguchi 
method are given in Table 7. It was seen from Table 7 that 
the obtained actual and estimated values were close to 

each other. This situation showed that the Taguchi stand-
ard orthogonal array method provided excellent perfor-
mance in turning experiments.

4  Conclusion

In this study, GF reinforcements having fiber lengths of 
6 mm, 6–12 mm, and 12 mm were mixed with polyester 
matrix materials at the weight ratio of 20%, 25%, and 30% 
to obtain GFRP composite materials. The tensile strengths 
of composites were investigated. In addition, turning tests 
according to Taguchi standard orthogonal array method 
were performed in different cutting speed, feed rate, and 
depth of cut parameters. The effects of turning parameters 
on cutting force and surface roughness were analyzed. The 
results were as follows:

• Increasing fiber length and fiber ratio increased ten-
sile strength. GFRP composites having a fiber length 
of 12 mm had higher tensile strength than the fiber 
length of 6  mm and 6–12  mm. The highest tensile 
strengths were obtained from the fiber ratio of 25%.

• The increase in fiber length, fiber ratio, feed rate, and 
depth of cut increased the forces on the cutting tool. 
On the other hand, the cutting force increased with 
increasing cutting speed from 40 m/min to 80 m/min, 
and it decreased with increasing cutting speed from 
80 m/min to 120 m/min. The lowest cutting force was 
obtained from fiber length of 6 mm, fiber ratio of 20%, 
cutting speed of 40 m/min, depth of cut of 1 mm, and 
feed rate of 0.1 mm/rev parameters. The highest cutting 
forces were obtained from the fiber length of 12 mm, 
fiber ratio of 25%, cutting speed of 40 m/min, depth of 
cut of 3 mm, and feed rate of 0.3 mm/rev parameters. 
The most effective parameter on cutting force was feed 
rate and then fiber ratio. The least effective parameter 
was cutting speed.

• The average surface roughness values increased with 
increasing the fiber ratio, cutting speed, feed rate, and 
depth of cut. While the best average surface rough-
ness value was obtained from the fiber length of 
6 mm, fiber ratio of 20%, cutting speed of 40 m/min, 
depth of cut of 1 mm, and feed rate of 0.1 mm/rev, 

Table 6  Effect ranking on the 
average surface roughness of 
the turning parameters

Levels Fiber length Fiber ratio Cutting speed Feed rate Depth of cut

1 4.257 4.137 3.971 3.838 4.214
2 4.566 4.479 4.534 4.346 4.366
3 4.340 4.547 4.657 4.979 4.582
Delta 0.309 0.410 0.686 1.141 0.368
Effect rankings 5 3 2 1 4
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the worst value was obtained from the fiber length 
of 6 mm, fiber ratio of 30%, cutting speed of 120 m/
min, depth of cut of 3 mm, and feed rate of 0.3 mm/
rev. It was found that the most effective parameter 
for average surface roughness was feed rate, and the 
least effective parameter was fiber length.
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