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Abstract
The current cutting strategies for carbon �ber reinforced polymer (CFRP) inherit essentially from metal
cutting. The frequently occurred damages such as burrs, cracks and delamination suggest that the
existed strategies may not be the best choice for CFRP cutting. This study proposed a sliding cutting
strategy especially for CFRP. The novelty is adding an extra lateral velocity on cutting edge to act sliding
motion between �ber-matrix and the cutting edge. Then the stress in the materials in front of cutting tip
will become more concentrated, which will help to break �bers in desired positions. Thus, the machining
quality can be improved. The sliding cutting process was analyzed and experiments were conducted to
examine the proposed strategy. Two types of cutting tools that offered sliding and orthogonal cutting
were designed. Four factors, namely machined surface roughness, subsurface damages, forces and tool
wear, were obtained to evaluate the cutting quality. Results show that sliding cutting has more
advantages than orthogonal cutting in CFRP machining.

1. Introduction
Carbon �ber-reinforced polymer (CFRP) has been widely used in aerospace industry due to the
lightweight, high strength and corrosion resistant properties. Its application is changing from non-bearing
structures to bearing structures on airplane in the past decades [1]. Before assembling into products,
machining works such as drilling or milling are necessary for CFRP parts to satisfy mechanical and
accuracy requirements. With the increasing expectation of load bearing strength, higher CFRP machining
quality is required. Damages are getting unacceptable during drilling and milling since they may increase
potential failure risks of CFRP structures.

In order to reduce CFRP machining damages, researchers studied CFRP orthogonal and oblique cutting,
which are the basic forms of drilling, reaming and milling. The most concerned values that used to
evaluate cutting quality are machined surface roughness and subsurface damage. The forces during
machining are also regarded as indicators to estimate machining state. Generally, the smaller and the
less �uctuate forces mean the cutting process is more stable and energy-saving. Wang et al [2] and An et
al [3] designed experiments respectively to investigate orthogonal cutting of unidirectional CFRP.
Machined surface roughness, subsurface damage and cutting forces were measured using �ber
orientation as variables. It was found the �ber orientation is the key factor that affects cutting process.
With the developing of numerical techniques, simulation models in micro scale [4]-[6], macro scale [7]
[8] and multi-scale [9][10] have been built to study the so called cutting mechanism. Similar results to
Wang’s work were found that �ber orientation controls machined surface roughness, subsurface damage
and cutting forces. Research results also showed that cutting depth [11][12], cutting speed [13] and rake
angle [14] are the relevant parameters that affect machining quality. Since the variation of �ber
orientation is unchangeable during machining [15], attempts associate with machining parameters
optimizing were made to reduce machined surface roughness, subsurface damages and cutting forces.
Parameters optimizing is effective to some extent, but it is meaningful only when cutting CFRP with
proper strategy.
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Different CFRP cutting strategies have been proposed by researchers in literature. One of the most typical
strategies is changing the continuous cutting to the discrete cutting. Speci�cally, long cutting edges are
interrupted to create a number of short rhomboid cutting edges [16]. In this way, a certain amount of
�bers and matrix to be removed can be cut little by little instead of being cut at one time. Cutting load is
dispersed and thus damages and tool wear will be reduced. The second CFRP cutting strategy is used to
eliminate burrs during milling. Cutting edges on a milling tool are made herringbone [17]. Then the �bers
and matrix on each margin of a laminate are pushed toward inner layers side before being cut. Fibers out-
of-plane deformation is reduced hence burrs can be eliminated during milling. The third CFRP cutting
strategy is reverse cutting. The cutting direction is changed from downward to upward by setting reverse
cutting edges on a drill [18][19]. As the drill rotating, the reverse cutting edges act forces on the �bers
around hole-exit side in a direction opposite to feed. By this means, though burrs cannot be prevented,
they can be removed immediately once occurring. The fourth CFRP cutting strategy is step-control
cutting, which means cutting process in a single tool is divided into at least two steps. Each step executes
speci�c purpose. V-shaped cutting edges and diameter ratio controlled tool are presented in Ref. [20]
[21] and Ref. [22] respectively. The step-control strategy focuses on cutting hole center materials in the
�rst step to avoid the effects of thrust force. Then the remained materials around hole-exit are cut more
carefully in the next step.

In narrow sense, CFRP cutting strategy refers to how cutting edges with speci�c geometry move,
approach and cut �ber-matrix. At present, almost all the CFRP cutting strategies inherit essentially from
metal cutting. The basic cutting forms are still orthogonal and oblique cutting, seen from a point on
cutting edge. Metal cutting has been developed for more than a hundred years. It is de�ned as a forming
process with purposeful fracture of the layer being removed [23]. During metal cutting, the maximum
combined stress does not necessary act at the cutting edge. In most time, rake face plays a key role to
push the front materials conducting plastic deformation. Therefore, the wear may occur at a certain
distance from the cutting edge. This allows maintaining the accuracy of machining over the entire time of
tool life [23]. According to the research results in literature [24], however, CFRP cutting rely almost entirely
on cutting edge instead of rake face to break �bers and matrix. In this way, cutting edge gets wear fast
and machining quality is sensitive to tool wear. Moreover, CFRP is generally considered as brittle material
and there is barely plastic deformation during cutting. Therefore, materials properties determine that
CFRP cutting is greatly different from metal cutting. These suggest that strategies inherited from metal
cutting may not be the best choice for CFRP cutting.

This study is trying to establish a new cutting strategy. The novelty lies in extra tangential velocity is
provided for an arbitrary point on cutting edge. Then the interaction between cutting edge and �bers will
be changed. Four factors, namely machined surface roughness, subsurface damage, forces and tool
wear, are used to evaluate the new CFRP cutting strategy.

2. De�nition And Analysis Of Cfrp Sliding Cutting Strategy
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Tool geometry is a key factor that determines the CFRP cutting strategy. In most situations, the geometry
varies along cutting edges. Therefore, the strategy is described using a segment on cutting edge. Fig. 1a
shows a schematic of typical CFRP cutting. Assume AB is a segment of a cutting edge and a point i is on
AB. A Cartesian coordinate is built with the origin point o overlaps with point i. Axis x is parallel to
assumed primary motion (vc), while axis z is opposite to feed motion (vf). Axis y is determined by axis x
and z according to the right-hand rule.

During cutting of CFRP laminates, the �bers direction varies in plain xoz. Fiber orientation angle (FOA),
which is a key factor that affects cutting quality, is simply de�ned as an angle between �ber and primary
motion vc. According to the spatial relationship between �bers and cutting edge, FOA varies from 0° to
180° [15]. Inclination angle λ is an angle between cutting edge AB and tool reference plane (measured in
plane xoy). When λ=0°, the cutting process is characterized as orthogonal cutting. The force acting on the
�ber by the cutting edge AB is parallel to vc, as shown in Fig. 1b. When λ>0°, the cutting process is oblique
cutting. In this situation, the cutting edge offers normal force Fn and friction force Fs to the �ber, as
shown in Fig. 1 c. Ft is component force of Fn in the direction that parallel to AB. Ft and Fn is dependent
on the inclination angle λ. During oblique cutting, there exists a speci�c λ that makes the value of
Ft equals to Fn. In this situation, theoretically, the �bers will go along the direction of vc. Otherwise, the
�bers will deviate from vc direction and slide on cutting edge due to subjecting to unbalanced force.
Therefore, oblique cutting is also taken as sliding cutting in literature [25]. This sliding, however, is
considered as passive sliding cutting, since the cutting edge keeps static in lateral direction. The passive
sliding cutting has been reported in agricultural cutting tool design. In this study, an active sliding cutting
for CFRP is presented. The “active” means that a point on cutting edge moves not only in primary (vc), but
also moves along the tangential direction of the point on the cutting edge in a speed of vs, as shown
in Fig. 2.

In literature, �bers and matrix breaking mechanism during CFRP machining was study by investigating
orthogonal cutting [26]. According to the research results, extensive shearing occurs in the area in front of
cutting tip. In shearing zone, as shown in Fig. 2a, cutting tip pushes �bers and matrix to form chips while
subsurface materials still hold them to stay. Thus, the �bers in cutting area experience compressing,
bending and tension before being cut [6][27]. This causes the stress concentration points in �bers
scattered around nominal cutting surface. Therefore, �bers may break in the positions on or below the
nominal cutting surface in the shearing zone.

Compared to the typical orthogonal cutting (or oblique cutting), sliding cutting tends to narrow the
shearing zone. Since there exists high speed lateral relative motion between cutting edge and �bers,
shearing stress is focalized near the contacting point of cutting tip and �ber, as shown in Fig. 2b. Except
for compressing, the cutting edge mainly offers intensity grinding and shearing to the �bers. Hence, the
�bers tend to be broken in front of cutting edge before experiencing forward bending. Therefore, less
deviation exists between �bers breaking positions and nominal cutting surface. The energy consumption
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during cutting is then reduced. As a result, the �rst potential advantage of sliding cutting is it improves
machined surface quality and the second one is it reduces cutting force.

For a single �ber during sliding cutting, the forces acted on it are different from that in orthogonal and
oblique cutting (Fig. 1b and Fig. 1c). The forces are dependent on sliding cutting direction and inclination
angle. Three situations of sliding cutting are listed in Fig. 3 and the forces are analyzed. The angle (λs)
between vc and vs is used to characterize the situations. The cutting edge acts friction force (Fs) and
normal force (Fn) to the �ber. The force (Fc) in primary motion direction is de�ned as chopping force,
while the force (Ft) parallel to cutting edge is de�ned as sliding cutting force. In the �rst situation (Fig.
3a), λs is acute angle and the direction of Ft and Fs is opposite to each other. In the third situation (Fig.
3c), however, λs is obtuse angle and the direction of Ft and Fs is the same. There is no sliding cutting
force in the second situation, as shown in Fig. 3b. 

This means that the �bers motion can be determined by adjusting friction force Fs and inclination angle
λ. Then the third potential advantage of sliding cutting comes that the subsurface deformation can be
more likely controlled. According to the previous analysis, the tool wear of sliding cutting remains unclear.

3. Experimental Methodology And Set Up
In order to verify the presented conceptions and analysis, sliding cutting tools were designed and
experiments were conducted. Three-axis milling machine was used to carry out the experiments. Spindle
rotation was utilized to offer sliding motion, while the drive in 3 axes were used to offer primary and feed
motion. Two types of customized cutting tools were made, as shown in Fig. 4a. The �rst type was sliding
cutting tool. For experimental purpose, the cutting edge was made in a circle. It conducts sliding cutting
when spindle rotates. The rake and �ank angle of the tool were made 30° and 10° respectively. The
second type was orthogonal cutting tool. The rake and �ank angle were the same to the sliding cutting
tool. Orthogonal cutting was taken as control group and the inclination angle (λ) is 0°. The tools in
experiments were made sharp (small cutting wedge angle) to generate more concentrated stress in �bers,
though it may increase the risk of wear and �anking. All the cutting tools were made of cemented carbide.

CFRP (T300/7901) laminates were offered by Shenyang Aircraft Industry (Group) Co. LTD. The stacking
sequence was [0°]20. Test-pieces were cut to a con�guration of 60mm×60mm×4mm from larger
laminates. FOAs were set to 0°, 45° and 90° by adjusting the location of the test-pieces, as shown in Fig.
4b. The cutting depth for both sliding and orthogonal cutting were adjusted to 0.04mm. The spindle
speed and feed rate were set 1000r/min and 1.2m/min respectively. 

The experimental set up is shown in Fig. 5. The cutting tools were installed on a milling machine. The
CFRP test-pieces were �xed by a clamp. Then the clamp was fastened on a dynamometer (Kistler 9257A)
in order to measure cutting, thrust and lateral forces. The surface to be machined was adjusted to keep
horizontal. Then a Kistler 5073 charge ampli�er was connected to the dynamometer. The forces signals
were ampli�ed and transmitted to a HBM GEN2i type data acquisition. The sampling frequency was set
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to 1 kHz for each channel. After sliding and orthogonal cutting, the machined surface and subsurface
were examined using VHX-1000 type digital 3D microscope.

Extra experiments were conducted to measure tool wear for sliding cutting and orthogonal cutting. Two
new tools for each type were prepared. The cutting edge rounding radius of the new tools was measured
using the �tting function of the digital microscope. Then both tools were used to cut UD-CFRP test-pieces
with nominal cutting depth of 0.04mm. After that, the cutting edge rounding radius was measured again.

4. Results And Discussion
4.1 Machined surface quality

The machined surface and its roughness of each FOA was examined using microscope, as shown in Fig.
6. During orthogonal cutting, �bers and matrix are cut and separated by cutting wedge. Then cutting
chips move on rake face and the materials remained on machined surface are pressed and ground by
�ank face. The grinding interaction between �ank face and machined surface goes toward cutting
direction. In sliding cutting, however, the grinding interaction goes not only in cutting direction but also in
lateral direction. This causes the machined surface quality during sliding cutting to become lower than
that of orthogonal cutting when FOA is 0°. In this situation, the sliding action does not help to cut �bers
since the �bers are parallel to cutting direction. The �bers on machined surface undergo vertical grinding
effects offered by �ank face. Breaking and peeling occur frequently on the machined surface and hence
the quality is slightly reduced, as shown in Fig. 6a.

When FOA is 45°, the advantage of sliding cutting is revealed thoroughly. Fig. 6b shows that the
machined surface quality of sliding cutting is higher than orthogonal cutting. After sliding cutting, �bers
are cut uniformly right in front of the cutting edge and the fractures are regular and neat. There is no
obvious irrelevant breaking and peeling. The matrix in machined surface is also much smoother than
orthogonal cutting. The removal of matrix is highly related to �bers breaking. During orthogonal cutting,
�bers are crushed by cutting edge. The breaking position scattered around nominal machined
surface [24]. At the same time, micro-cracks occur extensively in the surrounding matrix. Hence, the
fracture path during cutting chips formation tends to go randomly. This leads to a rough machined
surface after orthogonal cutting. When the �bers are broken in desired position by sliding motion of the
cutting edge, the fracture in matrix will go in a relatively �xed path. These explain the difference of
machined surface quality between the two machining methods. The previous analysis that sliding cutting
generates higher concentrating stress in �bers can also be proved.

When FOA is 90°, the machined surface quality of sliding cutting still remains higher than orthogonal
cutting. The reason is similar as the situation when FOA=45°. The roughness of machined surface (both
of sliding and orthogonal cutting), however, is lower than that of FOA=45°. This is because the back
support of �bers becomes weaker and weaker as FOA increases from 45° to 90°, causing �bers
experience larger deformation before being cut. The variation of machined surface roughness is shown in
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Fig. 6d. The roughness of sliding cutting is much lower than that of orthogonal cutting, except for
FOA=0°.

4.2 Subsurface damages

Subsurface is generally considered as a region that beneath and near to the machined surface.
Subsurface damage is an important indicator that re�ects machining quality. In some cases, a good
machined surface quality does not necessarily mean good machining quality because damages may be
covered in subsurface. In order to check the damages, small cubes have been taken from the test-pieces
by cutting and polishing, as show in the schematic �gures in Fig. 7 to Fig. 9. Side and back views (the
plane Po, Ps, Po1,2, Ps1,2) are selected to reveal the morphology of the subsurface.

When FOA=0°, there is no subsurface damages found in orthogonal cutting, as shown in Fig. 7a. Only
side view (plane Po and Ps) is given because damages or deformation cannot be seen clearly in back
view. The �bers and matrix are separated and lifted by rake face [24]. Therefore, the deformation in
cutting area does not transmit to the subsurface. There is also barely subsurface damage found in
sliding cutting. The only problem is a few �bers are left as burrs after ground by �ank face, as shown in
Fig. 7b. The damages are not found extend to the subsurface. The burrs formation reason has been
discussed when analyzing machined surface. Overall, the subsurface quality during orthogonal and
sliding cutting is good enough since there are no large cracks and debonding in the �bers and matrix.

Subsurface damage still keeps relatively low level when FOA=45°. Seen from the back views (plane Po1 in
Fig. 8a), the yellow contour line shows slightly �uctuation in orthogonal cutting. This means undesirable
�bers breaking occurred during cutting. Despite this, there are no large cracks found in the subsurface.
The contour line of sliding cutting, however, is much smoother, as shown in plane Ps1 in Fig. 8c. It
indicates that the �bers are cut right in front of cutting edge. This is a strong proof of the analysis in
Section 2 that more concentrating stress generated in �bers during sliding cutting. A peculiar
phenomenon, however, is found that the �bers experience lateral deformation after being cut by sliding
cutting edge (as shown in Fig. 8c). The deformation trend is in the same direction with sliding cutting
velocity. This means the �bers undergo lateral force acted by sliding. Further analysis will be presented
when FOA=90° as the trend becomes more obvious. There is no such phenomenon found in orthogonal
cutting (as shown in Fig. 8a).

When checking from the side view of orthogonal cutting (Plane Po2 in Fig. 8b), visible subsurface damage
can be clearly found. Fibers breaking positions are becoming scattered. Some �bers are broken in the
position that beneath the machined surface, causing fractures in subsurface. The reason has reported in
literature [24] and can be explained according to the analysis in Fig. 2. When checking the subsurface
after sliding cutting, damages are barely found, as shown in Fig. 8b. Though experiencing lateral
deformation, the subsurface quality is much better than that in orthogonal cutting. The reason is same to
the discussion when checking the back views.
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Subsurface damage becomes severer when FOA=90° during orthogonal cutting. Seen from both back
view (Fig. 9 a) and side view (Fig. 9 b), the yellow contour lines of subsurface sections �uctuate
dramatically. The �bers on the sections tend to break deviating from the machined surface. During sliding
cutting, most �bers broken positions locate uniformly on machined surface. The subsurface quality is
much higher than orthogonal cutting. These indicate that sliding cutting generates higher concentrating
stress in �bers than orthogonal cutting. This is an overwhelming advantage of sliding cutting.

The �bers lateral deformation (in Plane Ps1) phenomenon, which has been reported when FOA=45°, was
found again. The deformation becomes larger as FOA increases from 45° to 90°. Fig. 9d shows the
deformed �bers and matrix in Plane Ps2 have been removed after polishing (the dark area encircled by the
yellow dashed line). The reason of the deformation, according to the analysis and experimental results in
this study, is the �bers are bended by the lateral forces during sliding cutting, as shown in Fig. 2 and Fig.
3. Though it seems su�cient to explain the phenomenon, a contradiction comes out. That is the �bers in
Plane Po2 also undergo forces in perpendicular direction, but they keep straight instead of deformed after
being cut. Orthogonal cutting is characterized as instantaneous cutting, which means �bers and the
surrounded matrix contact a small section of cutting edge only when they are broken and separated.
Then the cutting edge moves forward to conduct next cutting action. Sliding cutting, however, can be
considered as continuous cutting. A long section of cutting edge slides to grind and cut �bers and the
surrounded matrix. The interaction between sliding cutting edge and �ber-matrix is much intensive
compared to orthogonal cutting. The contradiction can be explained, to some extent, by the
instantaneous and continuous cutting. Another potential reason is cutting heat which is not monitored in
the experiment in this study. Sliding cutting may generate more heat and as a result resin matrix is
softened. This will also cause the difference of �bers deformation between sliding and orthogonal
cutting. 

Though obvious damages are not found in the subsurface shown in Fig. 9c, �bers lateral deformation is
not expected during sliding cutting. According to the analysis in section 2, the forces acted on the �bers
are dependent on the angle (λs) between vc and vs. For the convenience of discussing, �ve �ber locations
are selected as shown in Fig. 9c. The �bers bending trend experiences small-large-small from location 1
to 5. At the same time, λs changes from acute to obtuse angle. The largest �ber bending is in location 3
where λs is 90° and the lateral force reaches maximum value. The results are strong proof of the analysis
in Fig. 3. Theoretically, based on the analysis and the experimental results, �bers lateral deformation can
be reduced or even prevented by adjusting cutting tool geometry and cutting parameters. 

4.3 Forces during cutting

Forces between cutting tool and test-pieces are key indicators that re�ect the status during cutting [28].
Large forces generally mean large energy consumption and severe �uctuation forces indicate that the
cutting process is experiencing unstable time. Fig. 10 shows the forces during sliding and orthogonal
cutting. The forces in x, y and z axis are cutting force, lateral force and thrust force respectively.
According to the curves in Fig. 10a, the average cutting force of orthogonal cutting increases as FOA
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varies from 0° to 90°. Its growth rate keeps positive and the force �uctuation gets severer. The average
cutting force of sliding cutting also increases in the situation, but the values are much lower than that of
orthogonal cutting. Especially when FOA is 90°, the cutting force drops nearly 74%. The growth rate of
sliding cutting force is getting negative and the �uctuation tends to get smooth. This is a positive
evidence of the analysis in section 2 that energy consumption reduced when cutting �bers since intensity
grinding and shearing to the �bers are offered. 

Fig. 10b shows thrust forces during sliding and orthogonal cutting. It can be seen that sliding cutting
does not reduce thrust force greatly. The variation trend and the �uctuation of thrust force are also not
changed. This is because both sliding and orthogonal cutting contact machined surface through tool
�ank face. The interaction does not change after adding lateral velocity on cutting edge. Fig. 10c shows
the forces in lateral direction. The lateral forces signals were only detected during sliding cutting, which
cause �bers lateral deformation in the subsurface (Fig. 8 and Fig. 9). Moreover, the variation trend of the
lateral force is consistent the thrust force. The two phenomenon indicate that the lateral force is
determined by the interaction of tool �ank face and machined surface. There is no lateral force acted on
the �bers during orthogonal cutting, since the cutting edge is perpendicular to resultant cutting motion. 

The comparison results mean that sliding cutting is steadier and needs less energy than orthogonal
cutting. The data variations offer a positive evidence that sliding cutting is a better choice for CFRP
cutting.

4.4 Tool wear

Orthogonal and sliding cutting tools with the same rake and �ank angles were used to examine tool wear.
Test-pieces with 45° FOA were taken as cutting samples. The cutting length of orthogonal cutting tool
was 12 meters (60mm×200 times). The nominal cutting depth was 0.04mm but the actual cutting depth
was depend on the accuracy of milling machine. Therefore, the cutting length of sliding cutting was
made 20 meters in order to eliminate the possible affection of mechanical precision.

Fig. 11a shows how the cutting tool wear was measured. Cutting edge rounding radius was used as wear
indicator. The 3D features of cutting edge were measured by the digital microscope. Then a section that
perpendicular to cutting edge on the checking point was taken. A circle was then drawn using the built-in
software to �t the curve of cutting edge rounding. Fig. 11b and c are the measurements of the rounding
radiuses of the orthogonal and sliding cutting respectively. As can be seen from the �gures, the radius of
the new tools is almost the same. After experiencing extra several meters cutting length, the cutting edge
rounding radius sliding cutting tool is smaller than that of orthogonal cutting tool. It indicates that sliding
cutting gets wear slower than orthogonal cutting.

This is an unexpected result. Based on previous experience, sliding cutting is considered easy to wear
since continuous grinding exists during the whole cutting time. The �nal results, however, turn out to the
opposite side that sliding cutting shows better wear resistance than orthogonal cutting. Though the
analysis in section 2 is inadequate to explain the reason, it can be discussed according to the two
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following aspects. The �rst one is the cutting forces during sliding cutting is reduced signi�cantly
compared to orthogonal cutting. This means more energy has been saved and then tool wear becomes
weaker. The second one is only a small part of cutting edge engaged during orthogonal cutting. It can be
clearly seen in Fig. 11b around the checking point. During sliding cutting, however, the whole cutting edge
take part in cutting. It means “cutting load” has been shared by the whole cutting edge. Tool wear speed
is then reduced.

5. Conclusions And Out Look
This study proposed a new CFRP sliding cutting strategy. The cutting quality was compared with
orthogonal cutting using four factors, namely machined surface roughness, subsurface damages, cutting
forces and tool wear. According to the results, sliding cutting showed more advantages than orthogonal
cutting. The proposed strategy is a potential method to improve CFRP machining quality after being
adopted in tool design. Sliding cutting is able to generate more concentrating stress in �bers, which helps
to break �bers in desired positions. The following �ndings will help to understand the advantage of CFRP
sliding cutting strategy:

1) The unique feature of the CFRP sliding cutting presented this study was that lateral relative velocity,
except for primary motion and feed, was offered between cutting edge and �ber-matrix. Extra energy was
then added and concentrated right at the contacting points of cutting edge and �bers.

2) When �bers breaking was contributed by cutting edge, sliding cutting showed more advantage than
orthogonal cutting. The machined surface roughness of sliding cutting is smaller when FOA is 45° and
90°. When FOA is 0°, however, �bers and matrix were peeled off instead of cut by cutting edge. In this
situation, the machined surface roughness of sliding cutting became worse than that of orthogonal
cutting.

2) There was barely subsurface damage for both sliding and orthogonal cutting when FOA is 0°. Fibers
irregularly breaking and cracks occurred and got worse in orthogonal cutting as FOA increased from 45°
to 90°. After sliding cutting, however, subsurface damages remained lower than orthogonal cutting.
Lateral �bers deformation was found in sliding cutting. Though the deformation was undesirable, it is
possible controlled and reduced by adjusting the angle between sliding cutting velocity and primary
motion.

3) Compared to orthogonal cutting, the cutting force of sliding cutting was reduced 74% at most. The
thrust force, however, was not changed in a large scale since the interaction of �ank face and machined
surface remained the same in the two cutting mode. Lateral force signals were only detected in sliding
cutting.

4) Sliding cutting showed good wear resistance property than orthogonal cutting. The sliding cutting
edge rounding radius, an indicator of tool wear, was measured smaller than that of orthogonal cutting
after experiencing even a longer cutting distance.
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The FOAs selected in this study were 0°, 45° and 90°. All of them were not larger than 90°. The larger FOA,
135° for example, was not involved in the sliding cutting experiment. The reason is when FOA gets larger,
�bers breaking will not be contributed by cutting edge. Most of the �bers are bended and then broken by
rake face. The preferable cutting strategy for the FOAs that larger than 90° is proposed and de�ned as
transverse cutting by the authors, which will be presented in another paper. Moreover, the temperature
was also not considered in the sliding cutting experiments. It will be discussed as a special topic in future
work.
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Figures

Figure 1

Schematic of typical CFRP cutting

Figure 2

Sliding cutting

Figure 3

The forces between cutting edge and �ber during sliding cutting

Figure 4
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Cutting tools and test-pieces in experiments

Figure 5

Experimental set up and con�guration

Figure 6

Comparison of machined surface and its roughness

Figure 7

Subsurface of orthogonal and sliding cutting when FOA=0°

Figure 8

Subsurface of orthogonal and sliding cutting when FOA=45°

Figure 9

Subsurface of orthogonal and sliding cutting when FOA=90°

Figure 10

Forces of sliding and orthogonal cutting

Figure 11
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Measurement and comparison of tool wear


