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ABSTRACT
Carbon fiber reinforced plastics (CFRP) combine superior
mechanical properties with a low weight. Consequently, this
material is highly interesting for the aircraft as well as the
automotive industry, leading to a massively increased
application over the last years. However machining CFRP still
faces different difficulties: The material is highly abrasive, most
tool substrates and coatings face massive abrasive wear.
Machining CFRP often results in many material defects like
delamination, fiber pull-out, high surface roughness and burnt
matrix material. Several technologies have been developed to
combine ultra-hard tool surfaces and most adaptable cutting
edge geometries. One of the most interesting approaches is laser
machining of diamond cutting edges. The technology combines
the wear resistance of thick layer diamonds with a geometrical
flexibility so far known only for carbide tools. In the presented
study, the wear resistance of different Polycrystalline Diamond
(PCD) and Chemical Vapor Deposition (CVD)-Diamond grades
machined with two different laser systems has been tested for
machining CFRP. In comparison state-of-the-art grinded PCD
cutting inserts are being tested. The comparison of machining
characteristics is done by machining CFRP in a continuous
turning process with a single fiber orientation. Machining forces
are measured to evaluate tool wear. The resulting work piece
quality is analyzed by measuring the surface roughness. The
machined CFRP is a M21 resin system with an IMA-12K fiber
from Hexcel©. Laser machined cutting inserts show equal or
superior wear resistance compared to the grinded cutting

inserts. In result today lasered cutting inserts are the machining
tools available with the highest tool life time. In combination
with the freely adaptable tool geometry, lasered cutting inserts
are the superior tool system for upcoming machining tasks.
INTRODUCTION
CFRP-material experiences extraordinary growth rates in
the industry. The aerospace, the automotive, the sports and the
energy industries develop products with an increasing
proportion of CFRP material [1]. The material costs have
lowered meanwhile strict regulations on energy consumption
increase the need for a higher efficiency [2]. The new
generation aircrafts of Boeing and Airbus contain CFRP as
major structural material [3]. The material is often
manufactured near net-shape. Nevertheless edge trimming for
the removal of the imperfect edge and the insertion of fits as
well as drilling operations for rivets and screws are necessary
[4]. Consequently machining of CFRP has developed from a
niche application to a major machining task. The presented
research aims to evaluate the machining characteristics and
wear resistance of different laser machined diamond grades as
cutting inserts.
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The CFRP material IMA-12K in combination with M21 is
widely used within the Airbus© cooperation. Due to the high
fiber content, the tough resin system and the intermediate
modulus of the fiber, machining tools face extraordinary
intensive wear when machining this material. In general CFRP
is described as technically challenging to machine. Defects like
delamination, uncut fibers, fiber pull-out and thermal damages
occur [4]. Traditionally the aircraft industries have very strict
quality regulations. The tool geometry needs to be widely
adapted to achieve flawless work piece qualities [5-6]. The tool
requires high rake and clearance angles as well as a sharp
cutting edge. Machining CFRP especially for aerospace
application with a high fiber volume and fibers of infinite length
causes massive tool wear on the cutting edge [2-4; 7-8].
Rounded cutting edges increase the feed force and hence
delamination [2; 8-9]. Early researchers faced insufficient wear
resistance of existing nitrogen or carbide based coatings [10].
Diamond coatings showed an insufficient layer adhesion. In
result the authors recommended uncoated carbide tools or PCD
tools manufactured using grinding technology. PCD tools were
described as expensive and limited in their geometrical
flexibility, uncoated carbide tools as geometrically flexible but
of insufficient wear resistance. During recent research the
requirements of the tool geometry have been analyzed more
intensively [11-14]. Additionally diamond coatings have been
developed providing sufficient layer adhesion [8; 15].
Nowadays customers can decide between two capable tool
versions. On one hand the laser manufactured thick layer
diamond tools like PCD or CVD-Diamond, being geometrically
highly adaptable, re-laserable and with an almost infinite sharp
cutting edge [16-18]. On the other hand diamond coated carbide
tools [19]. These show sufficient layer adhesion, are cheaper
but face a higher cutting edge radius due to the coating
thickness.

With an adaption to drilling and milling tools, the
technology of laser machining PCD and CVD-diamonds has the
potential to become the major cutting solution for CFRP. The
technology offers the unique combination of a high geometrical
flexibility, a sharp cutting edge and the superior hardness and
robustness of thick layer diamond. For example drilling tools
could be manufactured with an intensive web thinning and a
low wedge angle allowing for a flawless work piece quality
[14].

Grinding PCD usually results in the break out of single
diamond grains during the machining process. In result PCDcutting inserts machined using grinding technology are of a fine
grain grade. This enables sharp and smooth cutting edges [20].
Larger diamond grains or less binder material increases the
hardness and reduces the toughness of diamond cutting material
[21]. As cutting material machining CFRP faces massive
abrasive wear without break outs of the cutting edge, a high
hardness is most important for the utilized PCD or CVDDiamond grades. Previous studies showed that pico-secondlaser machining of PCD-cutting inserts does not reduce the tool
life time [20]. On one hand it could be proven that any thermal
damage can be avoided when machining thick layer diamond
cutting insert (CTI) by the technology of pico-second-laser
machining. On the other hand the technology offers a high
geometrical flexibility [21]. In a second study we could show,
that larger diamond grains and hence macroscopic harder PCD
material increases the tool life time compared to fine grain PCD
grades being grinded [20-21].

The conducted machining tests are turning tests using
unidirectional CFRP-material. The cutting conditions are
constant for all tests except for the rake angle on two tools, see
Table 1. The cutting conditions are depicted in Table 2, these
are the flank angle α, face angle γ, cutting velocity vc, feed rate
vf, feed per rotation f, depth of cut ae, inclination angle λ = 0°
and a setting angle κ = 90°. Table 2 shows the testing
conditions:

EXPERIMENTAL SETUP
The presented study analyses the wear resistance and the
resulting work piece quality for different thick layer diamond
grades for machining CFRP. As best for a direct comparison
with the least influencing factors, the cutting inserts are tested in
a turning process. The machining characteristics of cutting
inserts (CTI) with laser machined mix grain PCD and thick
layer CVD-Diamond are being compared to standard grinded
fine grain PCD with an average grain size of 2-4 µm CVDDiamond CTIs inserts. Both laser machined CTIs are machined
using a nano-second pulsed laser. The mix-grain PCD is
designed to reduce the amount of binder material. The grain
sizes reach from 2-30 µm. The CVD-Diamond thick layer CTIs
are free of any binder material and possess a hardness of 10 000
HV. Table 1 shows the cutting tools compared in this study:
Name tool material

Short name

Special

Grinded Fine Grain PCD

G, FG

Grain size 2-4 µm

Laser machined Mixed grain PCD

L, MG

Grain size 2-30 µm

Laser machined CVD-Diamond

CVD

Laser machined CVD-Diamond with Chip Breaker 1

CVD, CB1

Positive rake angle

Laser machined CVD-Diamond with Chip Breaker 2

CVD, CB2

Negative rake angle

Table 1: Tool properties

α

γ

vc

f

vf

ae

Qw’

Vw’

deg

deg

m/min

mm

m/min

mm

mm3/mm/min

mm3/mm

7

0

200

0.1

0.032

1

20

47 124.0

Table 2: Machining parameters for turning experiments
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The test rig setup for the turning tests is being implemented
on an Okuma LB15-II. A test rig setup has been developed to
allow machining CFRP in an orthogonal cut or turning
operation with a constant fiber orientation Θ. The cutting tests
can be conducted at cutting velocities between 20 and
500 m/min in an infinite, non-interrupted cut. For the test rig a
half pipe shaped raw material of 1 m length and a wall thickness
of 5 mm with a single fiber orientation is being manufactured.
Afterwards the pipe is cut into 120° and 55 mm wide pieces
using water jet cutting. The following Figure 1 shows the
primary material with an indicated fiber orientation and one
water jet cut on the left hand side. On the right hand side the
final produced ring of 3 elements:

intensive tool wear. Drilling and milling operations of the IMAfiber face intensive delamination due to the unidirectional
configuration and the difficult cutting characteristics of the
fiber. In industry application the material is usually covered
with a woven glass fiber layer as top layers to prevent
delamination. However for the presented turning tests, the glass
fiber layer has been absent, to ensure all tool wear being
generated by the CFRP. In the following table the machining
mechanical properties of the used work piece material is
depicted:
Physical
Propertie
s
Unit

Physical
Propertie
Unit

Fiber

Weave/U
D

Fiber
Mass

IMA

UD

g/m
194

Tension

Tension
Strength
MPa
3050

Tension
Modulus
GPa
178

Method
EN
6032

2

Fiber
Volume

Laminate
Density

%
59.2

g/cm³
1.58

Glass
Transition
Temperature
°C
195

Compressio
n
Method
EN 2561 B

Compressio
n Strength
MPa
1500

Compressio
n Modulus
GPa
146

Table 3: Physical Properties of IMA-12K CFRP Material

Figure 1 : Primary CFRP material and ring manufactured by
water jet machining
Figure 2 shows the test rig setup. The ring elements are
being inserted into a modified hydraulic chuck on the lathe
machine. For orthogonal cutting the width of cut is chosen
higher than the material thickness in a cylindrical turning
process. For the presented study the work pieces have been
machined in a cylindrical turning process.

Figure 3: Definition of fiber orientation Θ
The material has been machined with the fiber orientations
of Θ = 30°, 90° and 150°. The fiber orientation Θ is defined
relative to the direction of cut, see Figure 3.
During the turning tests the forces are recorded with a three
axis dynamometer 9121 built by Kistler©. The force along the
x-axis is defined as the passive-force, the y-axis as the feedforce and the z-axis records the cutting-force. The sensitivity of
the dynamometer for the x- and y-axis is 7.9 pC/N and for the zaxis is 3.8 pC/N. A modern electron scanning microscope (FEI
Quanta 200 FEG) has been used for analyzing the different tool
surfaces. The surface roughness of the machined work piece has
been measured using a tactile Form Talysurf PGI 1240 from
Taylor-Hobson©. The roughness measurements are performed
according to DIN EN ISO 4288.
One tool machines the 5 mm thick CFRP ring with a depth
of cut ap = 1 mm and differing turning length in a cylindrical
turning process during the experiment sequence:
-five times with a turning length ∆z1=2mm
-five times with a turning length of ∆z2=3mm
-ten times with a turning length of ∆z3,4=5mm
These machining operations charge the analyzed part of the tool
with a specific material removal of Vw’ = 47 124 mm3/mm
(material removal per millimeter cutting edge length).

Figure 2: Test rig setup for orthogonal cutting and turning tests
The CFRP material used is the M21/34%/UD194/IMA12K from Hexcel© as being utilized in the upcoming Airbus©
A350XWB. The material is well known to be difficult to
machine. The high fiber content as well as the high toughness of
the intermediate modulus fiber and the matrix system cause very
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QUALITY OF NEW CUTTING INSERTS
The cutting edge corners of all new CTIs are analyzed
using the SEM, see Figure 4. The grinded fine grain PCD-CTI
(a) in general has a smooth and sharp cutting edge. Nevertheless
the cutting edge shows some grain breakouts on the cutting
edge. The grinding process does not cut through single diamond
grains. Processing PCD grades with larger diamonds using a
grinding technology is hence not advisable as the cutting edge is
more intensively burred [16]. The picture of the laser machined
mix grain PCD (b) visualizes the size and position of the large
diamond grains clearly. It can be seen that the diamonds have
been cut, the cutting edge is completely smooth. The CVD-CTI
insert (c) has the smoothest appearance. The cutting edge corner
is also cleanly cut. The CVD CB1 cutting insert (d) with the
laser machined chip breaker has a cutting edge corner similar to
the other laser machined cutting inserts. However in comparison
to the CVD insert with a polished rake face, the rake face
appears more structured. The clearance face of all laser
machined CTIs show feed steps of about 20 µm on the
clearance face.

lower roughness compared to the G-FG machined work pieces.
At Vw’ = 4114 mm3/mm L-MG produces a surface roughness of
Ra = 0.35 µm (Θ = 30°) respectively Ra = 0.53 µm (Θ = 90°).
The G-FG produces at Vw’ = 4114 mm3/mm a surface roughness
of Ra = 1.68 µm (Θ = 30°) respectively Ra = 1.89 µm (Θ = 90°).
The lower roughness results from the smoother and sharper
cutting edge of the L-MG, see Figure 4. The surface roughness
for Θ = 30° remains constant for both tool types. For a fiber
orientation of Θ = 90° the surface roughness increases to
Ra = 1.35 µm (L-MG) and Ra = 3.47 µm (G-FG) at
Vw’ = 47 124.0 mm3/mm. CFRP machined with a fiber
orientation of Θ = 150° shows a saw tooth tread design [22].
This results in a very high surface roughness for this fiber
orientation.

Figure 5: Surface roughness of CFRP material after machining
with Laser Machined Mixed Grain PCD (L, MG) and Grinded
Fine Grain PCD (G, FG)
For a specific material removal of Vw’ = 4114 mm3/mm the
surface roughness of L-MG is Ra = 10.47 µm compared to
Ra = 11.72 µm for G-FG. However the work piece roughness of
G-FG machined CFRP with a fiber orientation of Θ = 150°
decreases to Ra = 10.24 µm at Vw’ = 47 124.0 mm3/mm.
Meanwhile in the case of machining with L-MG the work piece
roughness increases to Ra = 10.88 µm being above G-FG at
Vw’ = 47 124.0 mm3/mm. As could be shown in other
experiments, the size of the saw tooth (Lz) and hence the surface
roughness depends on [22]:

Figure 4: SEM Micrographs of unused cutting inserts. (a)
grinded fine grain PCD-CTI; laser machined (b) mix grain
PCD-CTI, (c) CVD-Diamond CTI with polished rake face, (d)
CVD-Diamond-CTI with chip breaker

Lz = 0.0447 ⋅ e0.00545⋅ vc + 0.0441⋅ e 28.9325⋅ f
+ 0.0028⋅γ − 0.0002 ⋅α − 0.083

RESULTS FOR LASER MACHINED MIXED GRAIN PCD
The comparison of the machining properties starts with the
laser machined mixed grain (L-MG) cutting inserts compared to
ground fine grain PCD (G-FG) cutting inserts. Figure 5 shows
the resulting surface roughness of the work pieces after the
machining increasing tool life time. For the fiber orientation of
Θ = 30° and 90° the work pieces machined with L-MG show a

(1)

The process parameters are identical. Unlike the fiber
orientation of Θ = 30° and 90°, a fiber orientation of Θ = 150°
causes on one hand more intense wear on the rake face than
other fiber orientations and on the other hand only little wear on
the flank face. With increasing wear the work piece roughness
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Θ = 150° the cutting force increases for both PCD grades.
L-MG machines the CFRP with cutting forces from Fc = 20.8 N
to Fc = 25.9 N. G-FG machines CFRP at Θ = 150° with cutting
forces from Fc = 23.2 N to Fc = 23.2 N.

smoothens as the rake face wears and hence the rake angle is
being reduced. This suggests that the G-FG cutting insert wears
more than the L-MG.

Figure 6: Feed Force comparison Laser Machined Mixed Grain
PCD (L, MG) and Grinded Fine Grain PCD (G, FG)

Figure 7: Cutting Force comparison Laser Machined Mixed
Grain PCD (L, MG) and Grinded Fine Grain PCD (G, FG)

Figure 6 shows the measured feed force of L-MG and
G-FG. For the fiber orientations of Θ = 90° and 150° it can be
noticed, that both materials show very similar feed force values.
The laser machined mix grain PCD starts with feed forces of
Ff = 18.8 N (Θ = 90°) and Ff = 5.3 N (Θ = 150°). After a
specific material removal of Vw’ = 47 124.0 mm3/mm L-MG
reaches feed force values of Ff = 40.1 N (Θ = 90°) and
Ff = 19.4 N (Θ = 150°). The grinded fine grain PCD starts with
feed forces of Ff = 22.1 N (Θ = 90°) and Ff = 6.2 N (Θ = 150°).
After a specific material removal of Vw’ = 47 124.0 mm3/mm
G-FG reaches feed force values of Ff = 40.5 N (Θ = 90°) and
Ff = 21.7 N (Θ = 150°). In average the feed force is about 10%
lower for L-MG compared to G-FG for machining with the
fiber orientations of Θ = 90° and 150°. In case of turning CFRP
with a fiber orientation of Θ = 30° the feed force of G-FG is
about 20% lower at the beginning (Ff = 52.5 N) compared to
L-MG (Ff = 65.0 N). During the tests the feed force of G-FG
increases faster to Ff = 109.3 N at Vw’ = 47 124.0 mm3/mm
compared to Ff = 107.6 N for L-MG. This indicates less wear
for the L-MG cutting insert.

RESULTS FOR LASER MACHINED CVD-DIAMOND
The CVD-Diamond (CVD) cutting inserts have only been
tested with the fiber orientations of Θ = 30° and 90°. The
CVD-CTIs of the version CB1 and CB2 have chip breakers
included. For the feed of f = 100 µm this results in a positive
rake angle for CB1 and a negative rake angle for CB2.

The cutting force is depicted on Figure 7. The cutting force
is in general lower for the laser machined mix grain PCD-CTIs
compared to the grinded fine grain PCD. Most interestingly the
cutting force increases less for L-MG for all fiber orientations.
For a fiber orientation of Θ = 30° the cutting force increases
from Fc = 38.1 N to Fc = 53.1 N for L-MG and from
Fc = 38.4 N to Fc = 59.0 N for G-FG. For the fiber orientation of
Θ = 90° the cutting force is always the highest for all fiber
orientations. The cutting force remains constant for L-MG with
Fc ≈ 70 N during the test. For G-FG the cutting force increases
from Fc = 71.5 N to Fc = 79.9 N. For a fiber orientation of

Figure 8: Surface roughness of CFRP material after machining
with Grinded Fine Grain PCD and Laser Machined CVDDiamond
Figure 8 shows the surface roughness of the work pieces
after machining. At a specific material removal of
Vw’ = 4114 mm3/mm the surface roughness is identical for
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Θ = 30°and 90° for CVD CB1 and CVD CB2. The CVD-CTIs
produce a surface roughness of about Ra = 0.45 µm, the grinded
fine grain PCD CTIs a surface roughness of about Ra = 1.7 µm.
This coincides with the very smooth cutting edge generated
during the laser process as can be seen in Figure 4. In terms of
work piece surface roughness at Vw’ = 4114 mm3/mm, the
CVD-CTIs are also vastly superior compared to the laser
machined mix grain PCD (L-MG), see Figure 5. CVD and LMG cutting inserts are manufactured using the same laser and
machine tool during machining. Presumably the cobalt binder is
removed almost immediately, leaving a rougher cutting edge on
the L-MG. At the end of the turning test with a specific material
removal of Vw’ = 47 124.0 mm3/mm the surface roughness for
Θ = 90° is similar with about Ra = 3.2 µm for the CVD cutting
inserts as well as the G-FG cutting inserts. Hence the surface
roughness of the CVD-CTIs has increased especially. For
Θ = 30° the surface roughness of all machined surfaces is
similar for Vw’ = 4114 mm3/mm and Vw’ = 47 124.0 mm3/mm.
The G-FG CTI produces a constant roughness of Ra = 1.7 µm,
the CVD-CTIs produce work pieces with an average roughness
of Ra = 0.45 µm.

same with regard to the feed force. Nevertheless the feed force
increases for all cutting inserts. CVD-CB1 remains the lowest
with Ff = 34.4 N at the end of the test. The feed force of CVD
increases somehow more intensively to Ff = 37.6 N. The feed
force for G-FG increases to Ff = 40.5 N, for CVD-CB2 to
Ff = 45.7 N. Machining operations with a fiber orientation of
Θ = 30° usually cause the highest feed forces [22]. At Θ = 30°
the CVD-CB1 machines the CFRP material constantly with the
lowest feed force, at the beginning with Ff = 30.6 N, towards
the end of the test with a maximum of Ff = 93.8 N. More
interestingly CVD-CB2 with a negative rake angle machines
CFRP with the fiber orientation of Θ = 30° with in average 10%
lower feed force than the G-FG cutting insert. For the feed force
during machining operations with Θ = 30° the sharpness of the
cutting edge and its wear resistance is most important. The wear
resistance is mostly influenced by the hardness of the tool
material and the clearance angle α. Meanwhile the rake angle is
of low importance. For CVD-CB2 the feed force increases from
Ff = 37.0 N to Ff = 101.3 N; G-FG increases from Ff = 52.5 N
to Ff = 109.3 N.

Figure 10: Cutting Force comparison CVD-Diamond cutting
inserts and Grinded Fine Grain PCD (G, FG)

Figure 9: Feed Force comparison CVD-Diamond cutting
inserts and Grinded Fine Grain PCD (G, FG)

Figure 10 shows the cutting force of the CVD-Diamond
cutting inserts. For a fiber orientation of Θ = 90° two different
levels of cutting forces can be observed. In general CVD and
CVD-CB1 show lower cutting forces of Fc = 65 N to 70 N,
G-FG and CVD-CB2 cutting inserts show higher cutting forces
of Fc = 70 N to 80 N. The cutting edge properties of the CVDCTIs seem to be superior, so they can compensate the negative
rake angle of CVD-CB2. All cutting inserts show a slight
tendency to increasing cutting forces towards the end of
machining process. More interestingly for the fiber orientation
of Θ = 90° the cutting forces reduce for all CVD cutting inserts
at the beginning of the test meanwhile the cutting forces of the
grinded cutting insert remains constant. During this phase the
burrs from the feed of the laser machining on the clearance face
are being removed, see Figure 4. This reduces the roughness of

Figure 9 shows the feed force during the machining tests.
The CVD cutting insert with a neutral rake face of γ = 0° has
only been tested for a fiber orientation of Θ = 90°. For this fiber
orientation the CTI versions of CVD and CVD-CB1 start with a
feed force of Ff = 16 N. The feed force of the G-FG cutting
insert is about Ff = 22.1 N and hence 37% higher. CVD-CB2
with the negative rake angle machines with a feed force of
Ff = 32.2 N or double the feed force of CVD and CVD-CB1. In
conclusion the CVD cutting inserts seem to be manufactured
with a smaller cutting edge radius. Meanwhile a positive rake
angle does not reduce the feed force compared to a neutral rake
angle, the negative rake angle increases the feed force
massively. During the machining tests with a fiber orientation of
Θ = 90° the sequence of the different cutting inserts remains the
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the clearance face and hence the cutting forces due to friction.
For a fiber orientation of Θ = 30° the cutting forces increase
during the test. CVD-CB1 machines in general with the lowest
cutting forces, starting with Fc = 30.3 N and increasing towards
the end of the test to Fc = 53.2 N. Similar to the feed force the
cutting insert CVD-CB2 shows lower cutting forces than G-FG,
starting with Fc = 33.1 N and increasing to Fc = 56.9 N.

Figure 12 shows the cutting inserts after machining the
CFRP with a fiber orientation of Θ = 30°. All CTI exhibit
intensive wear tilted in the direction of the clearance face,
called waterfall profile. The transition from the worn cutting
edge to the clearance face is indistinct. Additionally the rounded
cutting edges of all CTI show grooves in cutting direction. The
G-FG CTI (a) has a smeared surface appearance with grains
broken out of the cobalt binder. In contrast the surface of the LMG CTI (b) exhibits intensive wash-out of the cobalt matrix.
The diamond grains appear to be intensively rounded by the
abrasive wear. The CVD CB1 cutting insert (d) exhibits also
intensive wear and intensive grooves.

QUALITY OF WORN CUTTING INSERTS
After the machining tests the cutting inserts have been
analyzed using the SEM. Figure 11 shows the cutting inserts
after machining with a fiber orientation of Θ = 90°. Please note
the differing magnifications. The grinded fine grain PCD (a)
shows intensive cutting edge rounding and grooves in the
cutting edge. The laser machined mix grain PCD (b) exhibits
the diamond grains clearly. The cobalt binder seems to be
washed out. The cutting insert shows a significant cutting edge
rounding. The CVD-Diamond cutting insert (c) shows a very
small cutting edge rounding. The rounding is homogeneous.
The CVD-CB1 (d) cutting insert shows very similar tool wear
as the CVD-CTI. Somehow the cutting edge rounding seems to
be more intense. The burrs on the clearance face of the laser
machined cutting inserts (b-d) have disappeared, instead small
grooves have appeared on the clearance face of the two CVDDiamond cutting inserts (c, d).

Figure 12: SEM Micrographs of cutting inserts after a specific
material removal of Vw’ = 47 124.0 mm3/mm with a fiber
orientation of Θ = 30°. (a) grinded fine grain PCD-CTI; (b)
laser machined mix grain PCD-CTI, (d) CVD-Diamond-CTI
with chip breaker
CONCLUSION AND OUTLOOK
The study shows that laser machining of diamond cutting
inserts can be done with a nano-second pulsed laser system
without significant damage to the diamond material in terms of
cutting edge generation processing. Meanwhile the differences
for the laser machined mix grain PCD is rather small compared
to the grinded fine grain PCD, the advantages of the CVDDiamond is more distinct. The washing out of the cobalt matrix
or the lower hardness in general lead to increasing wear of any
PCD material compared to CVD-Diamond. The experiments
have also shown, that the higher toughness of the PCD
compared to the CVD-Diamond is not required. Break-outs of
something alike cannot be observed on any cutting edge after
the machining operation. Other work has shown that the tool

Figure 11: SEM Micrographs of cutting inserts after a specific
material removal of Vw’ = 47 124.0 mm3/mm with a fiber
orientation of Θ = 90°. (a) grinded fine grain PCD-CTI; (b)
laser machined mix grain PCD-CTI, (c) CVD-Diamond CTI
with polished rake face, (d) CVD-Diamond-CTI with chip
breaker
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[11] Rentsch, R., Pecat, O., Brinksmeier, E.: Macro and micro
process modeling of the cutting of carbon fiber reinforced
plastics using FEM, Procedia Engineering, 2011, 10, 18231828

geometry is as important for a long tool life time as the tool
substrate [22]. The tested tool geometry has been chosen, as this
type of cutting insert is easily available in all diamond grades.
In future tools with bigger rake and clearance angles will be
tested. We expect well increased tool life times and lower
machining forces. Laser machining of the thick layer diamond
cutting inserts enables an easy implementation of the required
geometric features. The rake angle for example only needs to be
inserted in the area of the feed as the chips do not need any
major chip breaker or rake face geometry. Cutting edge break
outs are not likely to occur even with an intense reduction of the
wedge angle.

[12] Shyha IS, Aspinwall DK, Soo SL, Bradley S. Drill
geometry and operating effects when cutting small diameter
holes in CFRP. International journal of machine tools and
manufacture 2009, 49/12-13, 1008-1014.
[13] Hocheng H, Tsao CC. The path towards delamination-free
drilling of composite materials. Journal of materials processing
technology 2005, 167/2-3, 251-264.
[14] Tsao CC, Hocheng H. The effect of chisel length and
associated pilot hole on delamination when drilling composite
materials. International journal of machine tools and
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