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Abstract

The growing challenges regarding climate-neutral and resource-saving manufacturing technology is forcing research and
development to work out new cutting tool alternatives since the production of conventional cutting materials requires rare raw
materials and huge amounts of energy. Natural rocks could be such an alternative since they are available in large quantities
worldwide, have a potentially suitable property profile, and do not require energy-intensive processes to make them usable
as cutting material. However, according to the current state of knowledge, there are only a few studies on the usability and
suitability of natural rocks as cutting materials for machining processes. Therefore, in this article, inserts made of natural
rocks are ground and used in turning operations. Their operational behavior is then described by the occurring tool wear and
workpiece surface roughness. The influence of different natural rocks, process parameters as well as cutting edge microge-
ometries is compared after the machining of aluminum alloys and plastic. In the end, this made it possible to define process

and tool properties in which natural rocks have application potential.
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1 Introduction

The manufacture of cutting tools from rocks has been car-
ried out since the earliest days of human history [1], making
the use of rocks as cutting tool material and the produc-
tion of rock tools one of mankind’s oldest ideas [2]. But the
idea of using cutting tools made of rock in modern manu-
facturing processes is comparatively new, since rock as a
cutting material has long been replaced by other materials
such as metals throughout history. However, current chal-
lenges like climate change, scarcity of available resources or
geopolitical tensions provide reasons to develop alternative
cutting materials and make them usable for manufacturing
processes, which in turn creates a reason to reconsider the
use of rock as a cutting material in modern manufacturing
processes. Disadvantages of modern cutting materials con-
nected with the mentioned challenges are the high energy
demand of their production associated with the emission
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of climate affecting gases, for example in the production of
cemented carbides [3] or PCD [4]. High and volatile prices
of the needed raw materials like tungsten [5] or cobalt [6]
as well as the concentration of these resources in only a
few world regions are also a disadvantage of modern cutting
materials. This concentration of resources can turn access
to these resources into a political bargaining chip [7], or
help finance conflicts in these areas [8]. For these reasons,
constant efforts are being made to recycle these raw materi-
als where possible as part of a circular economy [9] and to
monitor their critical availability [10]. Natural rocks do not
share these disadvantages as less energy is required to bring
them to a state that makes them usable as cutting materials
compared to conventional cutting materials [11] and because
they are available in large quantities worldwide.

There is a wide body of literature which focusses on
the characterization of rock properties [12]. Examples for
the characterization of rock properties are the use of shore
hardness scleroscopes [13], scratch tests [14] and inden-
tation tests [15]. However, it is also reported in literature
that not every characterization method is suitable for each
field of application or transferable to other fields [16].
The machining of rocks and the corresponding material
removal mechanisms have also been covered in literature.

@ Springer


http://orcid.org/0000-0001-9455-5012
http://crossmark.crossref.org/dialog/?doi=10.1007/s11740-022-01159-2&domain=pdf

426

Production Engineering (2023) 17:425-435

This includes for example investigations of the influence
of pressure on material removal mechanisms [17] and the
mechanics of rock cutting [18] as well as investigations
of the forces and wear in milling [19], sawing [20] and
wire-sawing [21] of rocks. The influence of rock properties
[22], process parameters [23] and the process design in
dependence of the rock characteristics [24] have also been
studied in this context. Besides that, simulation-based
investigations have been conducted to improve the under-
standing of rock fracture mechanics [25], rock chipping
[26] and the interaction between rock and cutting tool [27].

The same cannot be said about tool grinding of rock
tools and the application of rocks as cutting tools in manu-
facturing processes. However, recent investigations have
done first steps in investigating the usability and suitability
of natural rocks as cutting tool materials. In this context,
these investigations showed that it is generally possible
to use natural rocks like flint [28] and other rocks for the
machining of an aluminum alloy, identified relevant rock
properties for the use as cutting materials and proposed
methods to characterize them [29]. Furthermore, it was
found that the rock properties are linked with the process
result of the tool grinding process of the rock tools [29].
The material removal mechanisms of rocks against the
background of tool grinding have also been investigated.
In the related study, the possibility to realize a mainly
ductile material removal in the context of tool grinding
of rock tools was investigated, and a potential process
window suitable for carrying out the related processes
was identified [30]. The possibility to machine another
aluminum alloy and two copper alloys with cutting tools
made of rocks has also been investigated as well as their
operational behavior in these application cases [31]. The
results of these studies showed that the operational behav-
ior of rock tools have to be improved to allow their use in
industrial applications. The results presented in [31] indi-
cated that it could be possible to improve the operational
behavior of rock tools by using higher cutting speeds
combined with cutting fluids and an adjusted cutting edge
microgeometry.

However, it has currently neither been investigated
whether the use of higher cutting speeds combined with
cutting fluids is advantageously when using rock tools nor
has the manufacturing of cutting edge roundings on rock
tools and their influence on the operational behavior of
such tools. Due to this, it is currently unknown whether
the operational behavior can be improved by these factors.
Therefore, this study aims to improve the understanding
of the operational behavior of rock tools and the influ-
ence of the above mentioned factors on it. This includes
the identification of tool and process properties that are
relevant for the use of rock tools and an improvement of
their performance.
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2 Experimental setup

2.1 Rock properties and manufacturing of the rock
inserts

The rocks used in this investigation are flint, lamellar
obsidian and quartz. The properties of these rocks have
already been characterized in [30] and their hardness and
critical bending strength are given in Table 1. Compared
to a cemented carbide of ISO grade K (Hardness between
15.2 and 19.71 GPa, bending strengths from 3000 N/mm?
up to more than 4000 N/mm?) the rocks are softer than the
cemented carbide and have a lower bending strength. A
DEMA WB 2000 rock saw and a Struers Discotom-10 cut-
off grinding machine are used to cut samples with dimen-
sions of 18X 18 x 5.5 mm? from the raw rocks, which are
available as blocks and nodules. A 5-axis Blohm Profimat
MC 407 grinding machine is subsequently used to grind the
samples to a thickness of 4.76 mm in a two-step grinding
process. Rough machining to a sample thickness of 4.78 mm
is performed in the first step using a cutting speed of 30 m/s,
a feed velocity of 3200 mm/min and a depth of cut of 20 pm.
Finishing to a sample thickness of 4.76 mm is done in the
subsequent step with the same cutting speed, a feed veloc-
ity of 200 mm/min and a depth of cut of 5 pm. A grinding
wheel with metallic bond, diamond with a grain size of D46
as abrasive and a grain concentration of 4.4 ct/cm® (C100) is
used in both grinding steps.

The grinding of the indexable inserts from the rock sam-
ples is performed as a plunge face grinding operation on a
Wendt WAC 715 Centro cutting insert grinding machine. A
grinding wheel with metallic bond, diamond with a grain
size of D46 and a grain concentration of 3.3 ct/em® (C75) is
used to grind inserts of the type SNMN 120404 according to
ISO 1832. The grinding process is performed with a cutting
speed of 30 m/s and feed velocity of 29 mm/min. A Rhenus
R-Oil HM7 low viscosity mineral oil is used as cutting fluid.

2.2 Cutting edge preparation and tool properties

In addition to the use of grinding sharp rocks, two different
cutting edge microgeometries are applied to the tools. The

Table 1 Properties of the investigated rocks

Rock Hardness (GPa) Critical bending
strength (N/
mmz)

Flint 9.57 57.66

Lamellar obsidian 8.29 38.28

Quartz 15.51 31.98
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cutting edge preparation was carried out by means of robot-
assisted brushing. A Kuka KR 16 robot equipped with a
diamond brush with a grain size of 51 um (ANSI #240) was
used to perform the brushing process. The brushing angle
(g =16°), the cutting speed (v.,=25 m/s) and the brushing
time (tz =25 s) were kept constant in this process. The depth
of cut a, was varied between 0.05 mm in the first case and
0.25 mm in the second case. The cutting edge microgeom-
etry was measured optically with an Alicona Infinite Focus
G5 measurement device. The cutting edge microgeometry
and cutting edge roughness were measured at the corner
radius of the inserts and at the cutting edge segment directly
adjacent to the corner radius. A Zeiss EVO 60 scanning elec-
tron microscope is also used to investigate the rock inserts.

2.3 Analyzing the operational behavior

The operational behavior of the rock tools is analyzed in
experimental turning tests. The occurring tool wear was
recorded and evaluated with the aid of a Keyence VHX600
digital microscope. In addition, the surface roughness of the
workpiece was documented using a Hommel W5 mobile
roughness tester. The investigations are carried out on
a Gildemeister CTX520 lathe with a constant rake angle
of y=— 6° and a clearance angle of a=6°. The feed rate
f=0.1 mm and the depth of cut a,=0.5 mm are also con-
stant. The operational behavior of the three rocks are com-
pared under the variation of the cutting speed when machin-
ing the aluminum alloys EN AW 5754 and EN AW 2007
as well as the plastic POM-C. The initial diameter of each
aluminum workpiece is 150 mm. The initial diameter of each
POM-C workpiece is 180 mm. All workpieces have a length
of 200 mm. The material properties are listed in Table 2.
Tool wear and workpiece roughness are checked during the
machining of the aluminum alloys in each case after a feed
path of 400 mm. When machining POM-C, tool wear and
workpiece roughness are checked in each case after a feed
path of 2000 mm. Workpiece roughness is checked at three
points of the workpiece in each case. All tools are used to
machine a cutting length of up to 5,600 m in the case of the
aluminum alloys and up to a cutting length of 31,200 m in
the case of machining POM-C. In terms of the geometry of
the workpieces, this corresponds to six times the complete

Table 2 Workpiece properties

Designation R, (N/mm?)  Hardness p (g/cm3) Aat
20 °C W/
mK
EN AW 2007 340 150HB 2.85 145
EN AW 5754 230 45HB 2.67 150
POM-C - 81shore 1.39 0.31

machining of the aluminum workpieces and thirty times the
complete machining of the POM-C workpieces. Besides this,
the turning experiments are stopped if cutting edge chipping
occurs.

Based on previous findings on the use of rock tools in
aluminum machining [31], the operational behavior at cut-
ting speeds of 1000 and 1500 m/min is investigated. As sug-
gested in [31], preliminary investigations are carried out in
order to determine whether the use of cutting fluid is pos-
sible in turning processes with rock inserts. For this purpose,
the tool wear of flint when machining EN AW 2007 with
v.=1000 m/min is compared with and without the use of
a cutting fluid. In Fig. 1, the differences are clearly visible
on the flank face of the cutting edge. Without the addition
of cutting fluid, there is adhesion of the aluminum to the
cutting edge. With the addition of cutting fluid, this effect
is significantly reduced. Here, too, slight adhesions occur in
the lower area of the wear mark width, but these are much
less pronounced. Adhesions on the cutting edge itself no
longer occur when cutting fluid is added. In addition to these
clearly recognizable differences, the use of cutting fluid also
leads to a decrease in the width of flank wear land and the
crater wear, which results in a longer tool life of the rock
tools. Therefore, the subsequent aluminum machining is car-
ried out using cutting fluid.

In addition, the use of rock tools for machining the plastic
POM-C is analyzed. Due to the properties of the plastic,
high cutting speeds lead to melting of the workpiece on the
tool. For this reason, the cutting speed is reduced to 500 m/
min when machining plastics. The use of cooling lubricants
is not advisable for machining plastics, since the chips stick
to the emulsion and impede the chip flow as a result. All
investigations were repeated once.

3 Results and discussion
3.1 Cutting edge geometry

The grinding results show a comparatively high average
cutting edge rounding S of 40 pm with an average K-fac-
tor of 1.02 +0.30 for flint, of 1.08 +0.23 for quartz and of
1.03 +0.30 for lamellar obsidian after grinding combined
with micro chipping along the cutting edge as can be seen
in Fig. 2 for flint. This leads to a cutting edge roughness of
the rock inserts between 1.1 and 1.6 um for Ra and 3.3 and
4.4 for Rz as can be seen in Fig. 3. Besides this, it is likely
that this also contributes to the observed deviation of the
orientation of the cutting edge microgeometry indicated by
the standard deviation of the K-factor. The brushing process
increases S to values of 60 or 200 um (see Fig. 2) and also
influence the K-factors of the cutting edge microgeometry.
Brushing with a;=0.05 mm results in an S of 60 um and an
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Fig. 1 Influence of the use of
cutting fluid on the tool wear of
rock inserts

flank face

rake face

without cutting fluid

with cutting fluid
(c =12%, p = 6 bar)

Process: Process parameters: Tool: Material:
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a =0.5mm ‘ Lal’
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Fig.2 SEM-images of the cut- S =60 pm S =200 pym

ting edge of flint inserts after
grinding and brushing

Cutting edge
rounding

after grinding brushed (ap = 0.05 mm)
Process: Process parameters: Tool:
robot-assisted brushing  v¢ =25m/s Diamond brush
oB =16° grain size: 51 ym (ANSI #240)
ap = var.
ts =25s

average K-factor of 0.92 +0.26 for flint, an average K-fac-
tor of 0.87+0.13 for quartz and of 0.839+0.27 for lamel-
lar obsidian. Brushing with a,=0.25 mm results in an S of
200 um and an average K-factor of 0.95+0.15 for flint, an
average K-factor of 0.86+0.19 for quartz and of 0.76 +0.12
for lamellar obsidian. Taking into account the standard devi-
ation of the K-factor, it is therefore not possible to conclude
with certainty from the results whether and to what extent
the brushing process influences the orientation of the cutting
edge microgeometry.
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But the brushing process also reduces the cutting edge
roughness (see Fig. 3). The reason for this is that the brush-
ing process smoothes out the chipping that occurred along
the cutting edge during grinding by removing the rough-
ness peaks, thus producing a more even cutting edge (see
Fig. 2) with lower cutting edge roughness. However, this
effect is more pronounced for flint and quartz than for lamel-
lar obsidian. The different material properties and the dif-
ferences in the material structure are conceivable reasons
for this observation. In the case of flint, a reduction of the
cutting edge roughness can be achieved by the removal of
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Fig.3 Cutting edge roughness 7
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individual small mineral grains from the microstructure,
which is favored by its fine-grained microstructure and its
comparatively high bending strength. At the same time, its
comparatively high critical bending strength counteracts the
breakout of larger mineral grain agglomerates or the forma-
tion of larger chipping and thus a renewed increase in cutting
edge roughness. In the case of lamellar obsidian, a similar
mechanism is not to be expected due to its amorphous struc-
ture. If, as a result of brushing, the material removal is not
locally mainly ductile, the local formation of shell-shaped
ruptures typical for this rock is to be expected, which tends
to increase cutting edge roughness. The formation of this
local chipping is additionally favored by the lower critical
bending strength compared to flint and the resulting lower
load-bearing capacity of the microstructure. The different
hardness of the two rocks represents a further explanation
in this context. The softer the rock, the more likely it is that
the brushing tools will leave deeper scratch marks in the
cutting edge area in the cutting direction of the brushing pro-
cess. These in turn can increase the cutting edge roughness.
It is therefore conceivable that the brushing process leaves
deeper scratch marks in the cutting edge area of the softer
lamellar obsidian than it is the case for flint. This means
that when comparing the two rocks, a significant reduc-
tion in cutting edge roughness of the lamellar obsidian as
a result of the brushing process may be absent because of
these relationships. But more specific investigations focus-
ing on the cutting edge preparation of rock tools are needed
to clarify the causes of this phenomenon beyond doubt. The
results also show that the use of a higher brushing depth
leads to a higher S and a lower cutting edge roughness of the
rock inserts. However, the results show that it is possible to

Wol/114207 © IFW

systematically apply cutting edge roundings to rock inserts
by means of a brushing process and thus reduce their cutting
edge roughness.

3.2 Operational behavior of natural rocks as cutting
tools

When the soft aluminum alloy EN AW 5754 is machined at
v, = 1000 m/min and with the use of coolant, the material
adhesion to the rock tools is significantly changed, which
allows the tools to be used longer. Figure 4 shows the tool
wear of quartz and flint tools with a rounded cutting edge
radius of S = 40 and 60 um, respectively. It can be seen, that
only a low amount of adhesions to the rocks occur. This is
beneficial since this prevents the formation of built-up edges
and corresponding outbreaks at the cutting edge if such
built-up edges are detached from the cutting edge after their
formation. But it can also be seen in Fig. 4 that the grind-
ing sharp cutting edge of the quartz inserts breaks because
of mechanic overloads. When S is increased to 60 pum, the
quartz cutting edge is able to withstand the process loads as
a result of a better load distribution. However, slight adhe-
sions occur due to the larger roundings. When using flint,
neither cutting edge chipping nor significant adhesions occur
at S = 40 nor at 60 um. These tools only show a notch at the
transition area between the engaged and disengaged areas
of the cutting edge. It is possible that the change in the load
situation in this area leads to the creation of an unfavorable
stress state, which facilitates brittle outbreaks and therefore
notch wear at this point of the cutting edge.

When AW 5754 is machined w_ith lamellar obsidian,
the cutting edge breaks out for an S of 40 and 60 um (see

@ Springer
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Fig.4 Tool wear of rock inserts when machining aluminum
Fig.5 Tool wear of obsid- S =40 pm S =200 uym

ian inserts when machining
aluminum

flank face

rake face

Process:
Cylindrical turning v
with cutting fluid
(c=12%, p=6 bar) a@p

Fig. 5). Only with an S of 200 um no initial breakouts
occur and the tool can be used up to a cutting length of
1.=1900 m. This is also illustrated in Fig. 6, which shows
the width of flank wear land VB, as well as the work-
piece roughness during turning with the different tools
over the cutting length 1.. However, when an S of 200 pm
is applied to flint or quartz, adhesion is increased and
the tools cannot be used for a cutting length further than
3700 m. It can be assumed that the increased amount of
adhesion for an S of 200 pm supports the formation of
built-up edges and therefore chipping of the rock inserts
(see Fig. 7, upper right).
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Besides that, it is likely that the use of an S of 200 um in
combination with the used feed leads to ploughing which
can also influence the wear behavior of the inserts. At the
same time, the large cutting edge microgeometry in combi-
nation with the adhesions leads to a poor workpiece surface
with a roughness of up to Ra=2.3 um (see Fig. 6). In con-
trast, the longest cutting length of 5600 m can be completed
with the S = 60 um rounding for quartz and flint. Besides
that, the reduction in cutting edge roughness also leads to the
lowest workpiece roughness Ra of approx. 1 um. Thus, the
cutting edge preparation of the tools leads to an improved
operational behavior of these rock tools.
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Fig.6 Progress of tool wear and s
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Fig. 7 Wear of flint inserts with different cutting edge roundings in machining different aluminum alloys

The same effects and cutting lengths also occur when  abrasive wear instead of material adhesion and therefore
machining the harder aluminum alloy EN AW 2007 with  a higher width of flank wear land (see Fig. 7). The width
the same cutting speed. In this case, there is only higher = of flank wear land is in most cases between two to three
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times higher for the machining of EN AW 2007, which is
in a similar range as the difference between the hardness
of the two machined aluminum alloys. A direct correlation
between the amount of abrasive wear of these rock inserts
and the hardness of the material is therefore conceivable
but further specified investigations should be conducted to
confirm these hypothesis and to determine the exact nature
of this possible correlation. Although the inserts show a
higher abrasive wear in machining EN AW 2007, it must
be mentioned that the flint and quartz inserts show a lower
tendency for cutting edge chipping in this case. The lower
amount of cutting edge chipping can be attributed to the
lower amount of adhesion and the corresponding formation
of built-up edges since rock inserts are sensitive to shear
stresses [29]. The formation of built-up edges can change
the local material flow and corresponding alignment of pro-
cess loads leading to the induction of shear stresses. The
break-out of built-up edges would also contribute to this.
The mentioned change of load directions and the inducement
of shear stresses may also pose an explanation for the partly
higher wear of the inserts for higher S.

Since abrasive wear and adhesions could be identified
as relevant factors for the wear of the rock inserts it is con-
ceivable that the operational behavior of rock inserts can
be enhanced by a coating as it is already known for con-
ventional cutting tool materials. However, since it is cur-
rently unknown whether it is possible to apply conventional
tool coatings to rock inserts or how these coating processes
must be designed, this approach remains hypothetical until
appropriate investigations can demonstrate the feasibility of
coating rock tools.

Increasing the cutting speed to 1500 m/min leads to
a decrease of the maximal cutting length which can be
machined with the rock inserts, as can be seen in Fig. 8.

Fig.8 Progress of tool wear and
workpiece roughness over the

It is conceivable that the increase in cutting speed leads
to higher thermal loads and therefore to an increase of
the temperatures of the rock inserts and a decrease of the
critical bending strength of the rocks as mentioned in
[30]. This could in turn favor cutting edge chipping if the
load-bearing capacity of the rocks is exceeded, since the
critical bending strength can be used as a measure of the
load-bearing capacity and structural cohesion of the rocks.
However, it must be mentioned that rocks tend to be poor
conductors of heat. It can therefore not be ruled out that
other factors are significant for the observed operational
behavior. Only flint and quartz with an S of 40 and 60 um
are able to withstand these increased process loads and
to machine cutting lengths higher than I,=1900 m. As
before, the same trends and reachable cutting lengths can
be identified for EN AW 2007 and for EN AW 5754. But
it must be mentioned that it is not possible to machine
EN AW 2007 with obsidian inserts using this cutting speed
since the cutting edges of these inserts break out shortly
after contact with the workpiece. The lower wear of inserts
with lower cutting edge rounding suggests that decreasing
the cutting edge rounding could be beneficial for machin-
ing aluminum with rock tools at higher cutting speeds. But
since the initial cutting edge rounding is defined by the
grinding process, a knowledge based improvement of the
tool grinding process is necessary to achieve lower cutting
edge roundings.

However, the results show that it is possible to use the
rock inserts for the machining of different aluminum alloys.
The achievable cutting lengths are up to 5600 m, which cor-
responds to a cutting time of 336 s per cutting edge in this
case. Consequently, quartz and flint tools can be used as cut-
ting materials for aluminum machining with adapted process
parameters and by means of cutting edge preparation.
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Plastic machining results in lower process forces and tool
loads, which may increase the potential of rock tools. The
wear mechanisms of quartz and flint tools with different cut-
ting edge roundings are compared in Fig. 9. After a cutting
length of 1.=11,000 m, the tools with S =60 um show a
width of flank wear land of 90 um for flint and 190 pm for
quartz. If the grinding-sharp tools (S =40 pum) are used,
the quartz and the lamellar obsidian tool cannot withstand
the process loads and break out. The flint tool, on the other
hand, does not show any breakouts even without cutting
edge preparation.

_ Aflint
(S =60 mm)

_ flint
(S =40 mm)

width of flank wear
land VBmax )

flank face

N crater width KB

ke face

Comparing the operational behavior, the flint tools with
roundings of S = 40 um and 60 um show again the low-
est wear and the best surface finish with Ra=1.2 pm (see
Fig. 10). In this case, too, the tools with an S of 200 um tend
to show higher wear than the other inserts. It is conceiv-
able that this can be attributed to the same mechanisms as
for the machining of aluminum. This result indicates that
when using rock inserts for machining plastics, the use of
smaller cutting edge roundings is more advantageous for the
operational behavior. Besides this, tool wear and roughness
are comparable to aluminum machining, with the exception
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that the cutting length is increased by a factor of approx.
five. Regarding the cutting time this corresponds in this
case to cutting times per cutting edge of up to 62 min and
24 s. This confirms the applicability of rock tools in plastics
machining.

Overall, flint performs best as a cutting material due to
its advantageous combination of hardness and toughness.
Besides the flint tools, quartz tools can also be suitable
as cutting material if the cutting edge chipping is reduced
after the grinding process. Furthermore, it becomes clear
that these rocks are suitable for the machining of softer
and non-metallic materials like plastics. The results of this
investigation allow an estimation of the usability of rocks for
the presented applications, the influence of the cutting edge
geometry on the operational behavior and the potentially
achievable tool life of the rock inserts. Furthermore, they
suggest that cutting materials made of flint or rocks with
similar properties can offer an alternative to conventional
cutting materials for the machining of plastics or soft alu-
minum alloys. However, the results also suggest that fur-
ther performance improvements are possible for the rock
inserts. Approaches to realize such improvements could be
an improvement of the grinding and cutting edge preparation
process to achieve smaller or application specific designed
cutting edge roundings. An optimization of the design of
the turning process as well as of the insert geometry could
also pose a further possibility to enhance the performance
of rock inserts.

4 Conclusion

In the contribution presented, the tool wear of cutting tools
made of natural rocks was investigated. For this purpose,
turning tests were carried out for machining aluminum
alloys and plastics. Based on the results shown, the follow-
ing conclusions can be drawn:

¢ Using adapted process parameters and cooling strategies
enables highly productive cutting of aluminum alloys and
plastics with natural rocks as cutting tool. It enables the
realization of turning processes of aluminum alloys with
cutting speeds of up to 1500 m/min and of 500 m/min for
plastics with cutting times of up to 336 s for aluminum
and of up to 62 min and 24 s for plastics for each cutting
edge.

e A cutting edge preparation of rock inserts offers an
approach to reduce the cutting edge roughness (by up
to 1.8 um for Rz) and improve the stability of the cut-
ting edge. These two factors can improve the opera-
tional behavior of the rock inserts. This can be seen in

@ Springer

the decrease of Ra of up to 0.5 pm and in VB, of up to
95 um when using a cutting edge with an S of 60 um.

e Smaller cutting edge roundings with a low cutting edge
roughness can be beneficial for the operational behav-
ior of rock inserts as can be seen by comparing the
operational behaviour of the inserts with an S of 60 and
200 um. The optimization of grinding and cutting edge
preparation processes offers potential for further perfor-
mance improvements of rock inserts.

e Adhesion and abrasive related wear mechanisms deter-
mine the wear behavior of the rock inserts if adequate
process loads are applied. The results of the investigation
indicate a proportional increase in abrasive wear for an
increase in the hardness of the workpiece.

e Softer materials tend to lead to more adhesion related
wear of the rock inserts, especially when a higher cutting
edge rounding is used. This can lead to a reduction of the
usable cutting time of each cutting edge of up to 114 s in
machining EN AW 5754.
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