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ABSTRACT: Today, the usage of composite materials in various industries such as aerospace,
transportation, construction, etc. has increased. Therefore, an adequate understanding of the production
processes and assembly of these materials is inevitable. Machining is one of the common processes
in assembling composite parts. This process includes two categories of traditional and non-traditional
machining processes and grinding is one of the traditional methods. Grinding is one of the applicable
machining processes for the finishing of composite parts. Many parameters such as feed rate, depth of
cut, tool geometry, fiber direction, and abrasive particles material and size are effective on the machined
surface. In this study, the effect of grinding parameters including feed rate, depth of cut, abrasive particles
size, and fiber orientation on the surface quality of Carbon Fiber Reinforced Polymer has been evaluated.
The experiments were designed by Response Surface Method in Minitab software V.19. The results
showed that abrasive particles’ size and depth of cut are the most effective parameters on the machined
surface roughness. The feed rate and fiber direction are of secondary importance, respectively. Also, the
scanning electron microscopy images confirm these results. Finally, it was suggested to use 50pm of the
depth of cut, 200mm/min of feed rate, perpendicular to fiber direction and course abrasive particle to
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achieve a roughness of less than Spm.

1- Introduction

Machining of Carbon Fiber Reinforced Composites
(CFRPs) is a complex process due to the heterogeneity of the
composite material and the abrasiveness of the reinforcement.
Therefore, it’s important to understand the effect of process
parameters. In the grinding process, many parameters such as
feed rate, depth of cut, tool material, abrasive particle size,
workpiece material, and fiber orientation affect the machined
surface quality. Mousavi et al. [1] investigated the effect
of parameters affecting the machined surface roughness in
CFRP shafts and concluded that the depth of cut and the size
of the abrasive particles are the most important parameters
affecting the grinding of CFRP shafts. Park and Nakagawa
[2] studied the grinding of CFRP with a diamond tool. They
concluded that the smoothest machined surface is obtained
in 90° of the fiber orientation. Hu and Zhang [3] investigated
the grindability of unidirectional CFRPs. They studied the
effect of fiber orientation and grinding parameters such as
depth of cut, feed rate, and grinding wheel speed. In this
research, comprehensive studies have been performed on a
unidirectional CFRP. The experiments were designed by the
response surface method. The effect of machining parameters
including depth of cut, feed rate, fiber orientation, and
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abrasion particle size on machined surface roughness was
investigated.

2- Materials and Methods

In this study, the effect of parameters: the depth of cut
(0.5-0.5 mm), feed rate (10-200 mm/min), the angle between
fiber orientation and cutting direction (0-90 degrees), and
abrasive particle grain size (coarse and fine grain) on the
grinding of a unidirectional flat CFRP was investigated. The
composite part consisted of 12K carbon fiber and A-bisphenol
epoxy thermoset resin. The workpiece was produced by
filament winding process. In all experiments, coolant fluid
was used due to toxic fumes from burning the polymeric
matrix and machining dust. The tools were white aluminum
oxide with two coarse and fine grains. Surface roughness
was measured and recorded 3 times for each sample in the
direction perpendicular to the fibers’ orientation. The average
measured roughness is also recorded as the final roughness
of each sample.

3- Results and Discussion
As mentioned, the surface roughness of each sample
was measured at least 3 times and its average roughness
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Fig. 1. Phase velocity dispersion curves for a steel pipe
with outer diameter of 220 mm and wall thickness of
4.8 mm
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Fig. 2. The surface plot of the effect of depth of cut and
of fiber orientation. Test conditions: feed rate 105 mm/
min, fine grind wheel.

was recorded. The machined surface roughness results at
the central point indicate that the experimental data are
repeatable. Table 1 presents the conditions of tests with
their average roughness. According to the obtained surface
roughness data, the following results have been obtained. Fig.
1 shows the main effect of the parameters and the trend of
surface roughness changes with them.

According to Fig. 1, the steepness of each curve indicates
the importance of the parameter. Therefore, the abrasive
particles’ size is the most effective parameter on machined
surface roughness, followed by the depth of cut, feed rate, and
fiber orientation, which are the most important parameters
affecting surface roughness, respectively. Fig. 2 shows the
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Fig. 3. The surface plot effect of depth of cut and feed
rate. Test conditions: 45° fiber direction, fine grind
wheel.

simultaneous effect of fiber orientation and depth of cut.

In Fig. 2, as the depth of cut increases, the surface
roughness increases. In this way, with increasing depth of cut,
the engagement of the tool with the workpiece will increase,
and eventually, the frictional forces will rise. Increasing the
frictional force also increases the cutting heat, which can lead
to thermal damage. Also, the slight effect of fiber orientation
is ignored [3]. Fig. 3 shows the simultaneous effect of depth
of cut and feed rate on machined surface roughness.

As shown in Fig. 3, the feed rate has an inverse effect
on surface roughness. Due to the high rotation speed of the
grinding wheel, the linear speed of the abrasive particles
passing through the surface is very high. At low feed rates,
a particle passes through certain regions several times, which
is much higher than high feed rates. This will increase the
temperature of the cutting zone, which will lead to heat
damage. Fig. 4 also shows the optimal values of parameters in
order to achieve the minimum machined surface roughness.

According to Fig. 4, by selecting the proposed values,
the minimum surface roughness of 0.3 um can be achieved.
Of course, it should be noted that the desirability factor in
these conditions is equal to 1, which indicates that it can be
easily achieved a smooth and uniform surface. In order to
confirm the quantitative results presented in this report, Fig.
5 is machined surface Scanning Electron Microscope (SEM)
pictures that have the lowest surface roughness.

As shown in Fig. 5, by selecting the coarse grind wheel,
the minimum depth of cut can be achieved to the desired
machined surface roughness.

4- Conclusions
In this study, the effect of depth of cut, feed rate, abrasive
particle size, and cutting direction on surface roughness
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Fig. 1. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm
and wall thickness of 4.8 mm

the engagement of the grinding wheel and the workpiece, the
machining forces and especially the friction increase. As a
result, the heat of the cutting area rises. Rising temperatures
will also cause thermal damage.

- Increasing the feed rate despite the depth of cut will
reduce the surface roughness. Due to the high speed of
rotation of the grinding wheel, at a low feed rate, each particle
passes through a cutting zone several times and increases the
temperature of that region, which will cause thermal damage.

- By selecting rougher grain, minimum depth of cut,
higher feed rate, and 90° between the fibers direction and the

il Wo-somm  mtaex e niom = cutting direction, as well as the use of coolant with a surface
roughness of less than 1 micrometer was achieved in the
Fig. 3. The surface plot effect of depth of cut and feed grinding process of unidirectional CFRPs.
rate. Test conditions: 45° fiber direction, fine grind
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Table 1. Conditions of each test and its average roughness
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Fig. 6. The surface plot of effect of depth of cut and feed rate. Test conditions: 45° fiber direction, fine grind wheel.
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Fig. 7. The counter plot of the interaction of parameters on surface roughness
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Fig. 8. Optimization of parameters to achieve the minimum surface roughness
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Fig. 9. SEM picture of machined surface with minimum surface roughness, machining conditions: depth of cut 0.05
mm, feed rate 105 mm/min, cutting direction 90° and coarse grain size.
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Fig. 10. SEM picture of machined surface with maximum surface roughness, machining conditions: depth of cut
0. 5 mm, feed rate 105 mm/min, cutting direction 90° and fine grain size.
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