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Abstract

Continuous generating grinding processes have largely replaced discontinuous profile grinding processes in gear manu-
facturing due to their higher productivity. On order to transfer the advantage of the productivity benefits of this process
to tool grinding, the continuous generating grinding was adapted to the manufacture of cutting tools. However, this
novel approach of using continuous generating grinding processes for tool grinding has not been widely investigated.
Therefore, the aim of this study is to investigate the influence of cutting speed, feed and radial depth of cut on the process
result and thus to generate initial knowledge for the process design. Subsequently, the influence of these parameters
on the grinding worm wear as well as on the cutting edge quality and surface properties of the ground milling tools
are investigated. The results show that an increase of the radial depth of cut leads to a reduction of the process time by
the factor of four without significantly influencing the wear of the grinding worm tooth. Furthermore, an increase of
the cutting speed only leads to an increase in the initial wear of the grinding worm after the dressing process. For this
reason, the cutting speed offers the potential to further increase the productivity of the process. The microgeometry
of the cutting edge of the ground milling tool is mainly affected by the feed and the macro geometry by the feed and
radial depth of cut.

Article highlights

- Determination of recommendations for the process « Knowledge of the process parameters cutting speed, feed

design of continuous generating grinding for the pro- and radial depth of cut on milling tools.
duction of cutting tools.

« Evaluation of the influence of the process parameters cut-
ting speed, feed and depth of cut on the wear behaviour
of grinding worm:s.

Keywords Continuous generating grinding - Tool grinding - Cutting tools - Milling tools - Flute grinding

List of symbols DTRQ Disturbance torque
a. Radial depth of cut f Feed

c* Normalized tip clearance h Number of strokes
d Outer diameter m Normal module

n
dy Core diameter dq Dressing speed ratio

B< Niklas Gartner, gaertner@ifw.uni-hannover.de | 'Institute of Production Engineering and Machine Tools (IFW), Leibniz University
Hannover, An der Universitdt 2, 30823 Garbsen, Germany.

®

Check for
updates

SN Applied Sciences (2023) 5:272 | https://doi.org/10.1007/542452-023-05497-3

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-023-05497-3&domain=pdf

Research SN Applied Sciences

(2023) 5:272

| https://doi.org/10.1007/542452-023-05497-3

Q,, Material removal rate

Ra Average arithmetic roughness

Rz Roughness depth

A Cutting speed

Vg Cutting speed during dressing

x* Normalized addendum modification
a Clearance angle

Otpy Tooth root angle

\ Rake angle

1 Introduction

The availability of high-quality cutting tools is a fundamen-
tal requirement for enabling the implementation of mod-
ern manufacturing processes. For the production of a lot
of technical products, high precision tools like end mills,
drilling tools or saw blades are essential. In most cases, dis-
continuous grinding processes are used to produce these
cutting tools. In many of these processes different grind-
ing wheels are used in succession to grind the different
features of the cutting tools like e.g. the flutes, rake or flank
faces. This discontinuous grinding processes are therefore
accompanied by auxiliary process times resulting from the
need to change the grinding wheel and the related kin-
ematics which limit their productivity and can even influ-
ence the precision of the tool grinding process [1]. The
increasing demand for cutting tools on the world market,
however, creates the necessity to increase the productivity
of tool grinding processes while maintaining their ability
to produce cutting tools of high quality. It is therefore nec-
essary to enhance the performance of already existing tool
grinding processes or to develop entirely new processes
for the manufacturing of cutting tools. With regard to con-
ventional discontinuous tool grinding processes research
approaches often focus on an optimisation of the grinding
wheel properties and the process parameters. Examples
for these are investigations concerned with an optimisa-
tion or application-specific use of grinding wheel bonds
[2-4] and the influence of the process parameters on cut-
ting edge quality [1, 5] and residual stress states [6]. The
residual stress state is in this context important for the
achievable tool life of the manufactured cutting tool [7]
and subsequent coating processes [8] and therefore for
the achievable tool quality. Despite the research efforts
to enhance the productivity of tool grinding processes
documented in literature, flute grinding is still the largest
contributor to the process time and costs of discontinuous
tool grinding processes.

The use of continuous generating grinding processes
for the manufacturing of cutting tools is an example for
the development of a new tool grinding process to meet
the aforementioned challenges. The approach is based
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on continuous generating grinding processes used in the
production of conventional gears. The reason for this is
that tool grinding processes and discontinuous produc-
tion processes for gears are confronted with similar chal-
lenges, which can be overcome in gear manufacturing
by using continuous generating grinding processes. For
example, the use of continuous generating grinding pro-
cesses allows high production rates to be achieved while
maintaining a high surface quality of the gears through
the application of wear compensation and shift strate-
gies [9]. However, the application of continuous generat-
ing grinding processes for the manufacturing of cutting
tools represents a comparatively novel approach which
has not been extensively investigated or used in the indus-
trial practice.

1.1 State of the art

Recent publications have already shown that it is gener-
ally possible to transfer continuous generating grinding
processes from gear manufacturing to tool manufacturing
[10, 11] and how an user-independent design of this pro-
cess can be realised [11, 12]. The grinding worm geometry
can be designed by applying an approach based on the
Newton-Raphson method using the normalized tip clear-
ance cp*, the normal module m,, the normalized adden-
dum modification x* and the tooth root angle ag, of the
grinding worm. Besides that, the target geometry has to
be defined by its core diameter d,, its outer diameter d
as well as by its rake angle y and its clearance angle a to
allow the design of the basic rack of the grinding worm
[11, 12]. However, the wear of the grinding worms during
the continuous generating grinding of cutting tools and
inaccuracies during the dressing process of the grinding
worm related to the wear of the dressing tool still present
challenges for the productivity and precision of this pro-
cess [11, 12]. Furthermore, the influence of the process
parameters on the wear of the grinding worm and the
process result have not been investigated in detail so far.

There is an extensive literature on continuous gener-
ating grinding of gears which focuses on investigating
the process forces [13-16], their correlation with the pro-
cess parameters [14, 16] as well as on the influence of the
process parameters on the surface zone [16-18] and the
grinding worm wear [16, 19, 20] since it is confronted with
similar challenges as the ones mentioned above. Besides
that there is a wide range of simulation based studies in
the literature which aims on understanding the interre-
lationships in continuous generating grinding processes
of gears and to improve these processes [17, 21-25]. But
it is currently unknown whether this knowledge can be
transferred to the continuous generating grinding of cut-
ting tools. This paper therefore aims to investigate the
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influence of the process parameters cutting speed, feed
rate and depth of cut on the grinding result in continu-
ous generating grinding of milling tools to contribute to
an improved understanding of this process and to allow a
knowledge-based consideration of the influence of these
factors in future investigations.

2 Materials and methods
2.1 Workpiece material and milling tool geometry

In the investigations, steel 1.3343 (AlISI M2, JIS SKH51,
HSS) is used as workpiece material for all milling tools to
be ground in this investigation. All milling tools have an
intended outer diameter of 10 mm, a core diameter of
6.3 mm, six teeth, a helix angle of 33°, a rake angle of 1°
and a clearance angle of 12°.

2.2 Experimental setup of the continuous
generating process

All grinding experiments are conducted on a Walter Heli-
tronic Vision 400 L tool grinding machine. All NC-Codes for
the dressing and grinding operations are generated via the
dexel-based simulation software IFW-CutS as described in
[11, 12]. Vitrified bonded grinding wheels with CBN B76
as abrasive (Molemab GmbH) are used to perform the
grinding operations. The dressing of the grinding worm
profile is conducted with a CVD diamond form roll of the
type NC40-C-150-R0.25-W40-12-TK (Dr. Kaiser Diamant-
werkzeuge GmbH & Co. KG). The profile of the grinding
worm is divided into lines with a step size of Axy =60 um
(horizontal) and Ay, = 8 um (vertical) which are machined
consecutively. The dressing process is performed with
a cutting speed of the grinding tool of vy = 1.38 m/s, a
dressing speed ratio of g4 =32.4 and a feed velocity of the
rotational axis of 95,000 °/min. The process parameters of
the continuous generating grinding process are varied on
three levels each as shown in Table 1. With regard to the
variation of the radial depth of cut it must be considered
that this means that the grinding process is performed in
four strokes for a depth of cut of 0.4625 mm, in two strokes
for a depth of cut of 0.925 mm and in one stroke for a
depth of cut of 1.85 mm. The cooling lubricant used for

Table 1 Parameter levels of the investigation

Parameter Levels

Cutting speed v_in m/s 11.5 15.0 18.5
Feed fin mm 0.001 0.0025 0.005
Radial depth of cut a, in mm 0.4625 0.925 1.850

dressing and grinding is a grinding oil (Sintogrind MP830,
Oelheld GmbH).

2.3 Measuring equipment

The geometry of the grinding worm is measured via a
Leitz PMM 866 coordinate measuring machine after each
dressing and grinding process. The macro geometry of the
ground milling tools is measured via a Walter HeliCheck
transmitted-light microscope. An Alicona Infinte Focus
G5 focus variation microscope is used to investigate the
cutting edge microgeometry of the milling tools after
grinding. The roughness of the flank and rake face of the
ground milling tools is measured optically via a Confovis
Duo Vario confocal microscope and analysed with the soft-
ware MountainsMap®.

3 Results and discussion

3.1 Influence of the cutting speed on the process
result

For the investigation of the influence of the cutting speed,
only v_is varied in this step at the levels mentioned before.
Feed and depth of cut are kept constant at f=0.001 mm
and a, = 0.46 mm. To determine the influence of the cut-
ting speed on the wear behaviour of the grinding worm,
the grinding worm profiles are measured after one, two
and three ground milling tools and compared with the
grinding worm profile measured after dressing. The meas-
ured grinding worm profiles are shown in Fig. 1. Based on
these measurements, three wear effects can be identified.
Firstly, there are no macroscopic breakouts. It can be seen
that the geometry of the grinding worm profile is reduced
while the shape of the grinding worm profile is retained.
Secondly, the wear of the grinding worm is especially pro-
nounced during the grinding of the first milling tool. The
wear of the grinding worm during the subsequent grind-
ing operations is considerably lower in direct comparison.
It is likely that the reason for this is an induction of microc-
racks into the vitrified bond by the dressing process. These
microcracks grow during the first grinding process after
dressing and contribute to the increased wear of the grind-
ing worm in this step. Consequently, it must be assumed
that the dressing process has a relevant influence on the
wear behaviour of the grinding worm. However, the influ-
ence of the dressing process and its design on the wear
behaviour has not been investigated in detail in this study.
Thirdly, it can be seen that the grinding worm tooth tip is
subject to a higher wear than the tooth root of the grind-
ing worm. This is due to the kinematics of the process.
The flute of the generated milling tool is ground by the
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Fig.2 Influence of the cutting speed on the wear of the grinding
worm

tip of the grinding worm tooth and the flank is ground by
the tooth root of the grinding worm. Consequently, the
material volume which is removed by the tooth tips of the
grinding worm is much higher than the material volume
removed by the tooth roots. This logically results in an
increased load on the grinding worm tooth tip compared
to the grinding worm tooth root.

In order to quantify the wear of the tooth tips and roots,
the differences of the tooth tips and roots after dressing
and each ground milling tool are measured in radial direc-
tion of the grinding worm. The wear is shown in Fig. 2 as
a function of the number of ground milling tools. Regard-
less of the cutting speed, the linear flank area of the tooth
root of the grinding worm, which generates the flank
faces of the milling tool, does not show any measurable
wear. After the first ground milling tool, the wear of the
grinding worm tip at the cutting speed of v. = 11.5 m/s
is 0.14 mm. The wear of the grinding worm tooth tip at
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speed related wear of the grinding worm on the geo-
metrical accuracy of the ground milling tools, the three
contours of the ground milling tools are compared. The
contours are shown in Fig. 3. A positive effect on the
use of the grinding worm is that the general shape of
the remains the same, regardless of the grinding worm
wear. The results indicate that neither the chosen cut-
ting speed nor the observed wear of the grinding worm
profile have an influence on the profile shape of the flank
face. However, the width of the flank face increases with
each ground milling tool, which further results in the
increase of the outer diameter of the ground milling
tools. At v, = 11.5 m/s the outer diameter of the first
and third ground milling tool differ by 0.07 mm and by
0.09 mm at v_ = 18.5 m/s. Since the increase of the cut-
ting speed from v, = 11.5m/s to v, = 18.5 m/s leads to an
increase of the grinding worm tooth tip of 0.01 mm after
the initial wear of the grinding worm due to the dressing
a correlation between the outside diameter increase of
the ground milling tool and the wear of the grinding
worm tooth tip can be assumed. The wear behaviour
of the tooth tips also affects the geometry of the flute
of the ground milling tools. The increased wear of the
tooth tips due to the increase in cutting speed leads to
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Fig.3 Cutting speed-related
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an increase in the core diameter of the ground milling
tools. Due to the comparable contour of the ground mill-
ing tools, it can be assumed that the operational behav-

wear of the grinding worm. Furthermore, the change in
core and outer diameter does not negatively affect the
dimensional accuracy of the milling process, since the

iour of the ground milling tools is not influenced by the
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existing diameter of a milling tool is taken into account
in every milling process.

Figure 4 shows the influence of the cutting speed on
the cutting edge roughness and cutting edge radii on the
one hand, and on the roughness of the flank and rake face
of the ground milling tools on the other hand. The cut-
ting edge roughness of the milling tools are in a range of
Ra=1.6-2.1 ym and Rz=8.3-10.4 um. As the cutting speed
increases, the cutting edge roughness tends to increase.
Due to the coupling of the rotational speed of the grinding
tool and the workpiece, an increase of the cutting speed
does not lead to any change in the single grain chip thick-
ness. The cutting edge radii of the ground milling tools are
in a range of ry = 6.2-8.6 pm and tend to increase as the
cutting speed is increased. It can be assumed that this is
due to the increasing wear and consequently the increas-
ing geometric deviation of the grinding worm tooth tip as
the cutting speed increases.

It can be seen that the roughness of the flank faces is
lower than that of the rake faces. The roughness of are in a
range of Ra=0.6-0.7 um and Rz=3.3-3.6 um on the flank
face and Ra=1.0-1.1 um and Rz=8.2-9.5 um on the rake
face. The reason for this is the smaller kinematic contact
length between grinding worm and milling tool on the
flank face than on the rake face which results from the
kinematic of the grinding process. As a result, the coolant
and chip transport on the rake face is worse than on the
flank face. As a tendency, a higher cutting speed reduces
the roughness of the rake and flank faces, although the
influence in absolute values is only in a small range.

3.2 Influence of the feed on the process result

The measured grinding worm profiles after one, two and
three ground milling tools are compared with the meas-
ured grinding worm profile after dressing in Fig. 5. As with
the influence of the cutting speed, it can be seen that the
grinding worm tooth tip is subject to higher wear than the

Fig.5 Grinding worm profiles

grinding worm tooth root. In contrast to v increasing the
feed decreases the initial wear of the grinding worm tooth
after the first grinding process. Furthermore, the wear of
the grinding worm during the subsequent grinding opera-
tions is increased due to the increase of f.

The resulting wear curve is shown in Fig. 6. After
grinding the first milling tool, the wear of the tooth tip is
0.14 mm for a feed of f=0.001 mm. The wear of the tooth
tip at a feed of f=0.005 mm is 0.06 mm after grinding one
milling tool. After the following two ground milling tools
the wear of the tooth tip is increased by 0.02 mm for a feed
of f=0.001 mm. Using a feed of f=0.005 mm, the wear
of the grinding worm tooth tip shows a further increase
of 0.09 mm after the second ground milling tool and an
additional increase of 0.04 mm after the third grinding
process. The increase of the feed leads to a reduction of
the initial wear of the grinding worm tooth tip. It is most
likely, that due to the increase of the single grain thickness
and material removal rate caused by the increase of f, the
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Fig. 6 Influence of the feed on the wear of the grinding worm
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self-sharpening effect typical for vitrified bonds occurs
earlier. At a low feed of f=0.001 mm, the mechanical load
is not sufficient to excite this effect. The consistent wear
of the grinding worm tooth tip and the associated dimen-
sional stability of the grinding worm tooth supports this
hypothesis of self-sharpening. Consequently, a stable pro-
cess can be realized by specifically adapting the process
after the initial wear.

The feed-related influence of the grinding worm wear
on the geometrical accuracy of the ground milling tools
is shown in Fig. 7. The contours of the second and third
milling tools ground by f=0.001 mm show higher devi-
ations from the contour of the first ground milling tool
than those of the milling tools ground by f=0.005 mm.
At f=0.001 mm the outer diameter of the first and the
third milling tool differ by 0.1 mm and at f=0.005 mm by
0.06 mm. Therefore, increasing f in the studied param-
eters leads to a decrease of the shape changes and
thus the outer diameter changes of the ground milling
tools, although the diameter of the grinding worm tooth
decreases with every grinding process. With the increase
of v,, the outer diameter and core diameter of the ground
milling tools show an increase after the first ground milling
tool, although the diameter of the grinding worm tooth
remains the same. These results supports the theory of the
self-sharpening effect. Consequently, the cutting ability
of the grinding worm is reduced, resulting in increased
deflection of the milling tool from the grinding worm.
Due to the self-sharpening effect in the processes with
f=0.005 mm, more sharp grains are exposed than with
the process of f=0.001 mm. This leads to a lower deflec-
tion of the milling tool during the grinding process. For the
process this means that an increase of f leads to a stable

process and repeatable result, despite the linear wear of
the grinding worm.

The influence of the feed on the cutting edge rough-
ness, the cutting edge radii and the surface roughness are
shown in Fig. 8. The cutting edge roughness increases due
to the increase of the feed from Ra=1.8 um toRa=2.3 pm
and from Rz=9 pm to Rz=11.5 pm. This increase of the cut-
ting edge roughness results by the feed-related increase
of the single grain chip thickness. As a result, each grain
removes more material. In the area of the cutting edge,
the emerge of the grains from the material consequently
leads to an uneven cutting edge. An increase of the feed
also leads to an increase of the cutting edge radii from rg
=7.6 pm to rz = 10.3 um. This increase results from the
geometrical change of the grinding worm tooth, which is
caused by the wear of the grinding worm.

The roughness of the flank faces are in a range of
Ra=0.5-0.7 um and Rz=3.2-3.7 um. In contrast to the
influence of the cutting speed, an increase of the feed
leads to an increase of the roughness on the flank faces
and thus also to an increase of the cutting edge roughness.
Since the flank faces are ground with the unworn tooth
root of the grinding worm, it is likely that this effect results
from the different engagement kinematics and thus the
increase of the individual grain chip thickness due to the
increase of the feed. Although the single grain chip thick-
ness increases with the increase of f, the roughness of the
rake face decreases from Ra=1.1 um to Ra=0.9 ym and
Rz=9.2 um to Rz=8.7 um. Despite the influence of the
feed on the surface roughness of the ground milling tools,
the measured values of the roughness are all at a compa-
rable level. For this reason it can be assumed that the influ-
ence of the feed on the roughness has no significant effect
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on the process behaviour of the milling tool. Therefore, the
influence of the feed on the roughness of a milling tool can
be considered negligible.

3.3 Influence of the radial depth of cut
on the process result

For the investigation of the radial depth of cut the cutting
speed is held constant at v, = 18.5 m/s and the feed at

f=0.001T mm. The radial depth of cut is varied according
to Table 1. The grinding worm profiles dependent on the
radial depth of cut are shown in Fig. 9. Independent of
the radial depth of cut, the wear of the grinding worm
is especially pronounced during the grinding of the first
milling tool. The wear of the grinding worm during the
subsequent grinding operations is considerably lower in
direct comparison. Furthermore, the wear of the tooth tips

Fig. 9 Grinding worm profiles 87
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after the first ground milling tool is at a comparable level
regardless of the depth of cut.

The wear curve of the investigation of the radial depth
of cut is shown in Fig. 10. The tooth tips show a wear of
0.24 mm for a radial depth of cut of a, = 0.46 mm after
grinding one milling tool. The following two grinding pro-
cesses lead to a further wear of 0.03 mm in this case. An
increase of the radial depth of a cut to a, = 1.85 mm leads
to wear of the grinding worm tooth tip of 0.26 mm after
the first ground milling tool. The following two grinding
processes lead to a further wear of 0.02 mm. Despite the
different depth of cut, the wear curves show the same
degressive course, although the material removal rate

£
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Fig. 10 Influence of the radial depth of cut on the wear of the
grinding worm

differs by the factor of four. Consequently, in the investi-
gated range increasing the radial depth of cut offers the
potential to increase the productivity of the process with-
out affecting the wear behavior of the grinding worm. The
increase of the radial depth of cut from a, = 0.46 mm to a,
= 1.85 mm results in a wear of the grinding worm tooth
root. This wear at the tooth root results from the distribu-
tion of the load on the whole tooth instead.

The radial depth of cut-related influence of the grinding
worm wear on the geometrical accuracy of the ground
milling tools is shown in Fig. 11. In general, the differ-
ences of the ground milling tool contours are on a com-
parable level independent of the used radial depth of cut.
As the radial depth of cut does not have huge influence
on the wear behaviour of the grinding worm tooth tip, an
increase of the depth of cut does not affect the geometric
accuracy of the flute and the width of the flank face of
the ground milling tools. Furthermore, the occurring wear
of the tooth root at a, = 1.85 mm does not influence the
outer diameter and the geometry of the flank faces.

Despite the increase in productivity by the factor of
four, the increase of the radial depth of cut results neither
in an increased wear of the grinding worm nor in increased
geometric deviations of the ground milling tool from the
intended geometry. The influence of the radial depth of
cut on the cutting edge roughness and radius is shown in
Fig. 12. The cutting edge roughness tends to increase for a
higher radial depth of cut, which is caused by the greater
single grain chip thickness. An increase of the radial depth
of a cut from a, = 0.46 mm to a, = 1.85 mm causes an
increase of the cutting edge radii of the generated milling
tools. The reason is that due to the increase of the radial
depth of cut the increased material removal rate favours
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plastic deformation of the workpiece material at the cut-
ting edge. Consequently, the sharp edges of the generated
cutting tool are rounded.

Figure 12 also displays, that an increase of the radial
depth of cut leads to a linear increase of the roughness of
the rake and flank faces. This increase in roughness results
from the deeper penetration of the grains into the work-
piece, which is caused by the higher infeed depth.

4 Conclusions

The adaption of the continuous generating grinding
processes to tool grinding processes has the potential to
increase the productivity of the manufacturing of cutting
tools and to generate economic benefits. Due to the inno-
vative nature of the process, the utilization of continuous
generating grinding processes for tool grinding has not
yet been thoroughly investigated. Thus, the objective of
this study is to examine the initial indications of the impact
of cutting speed, feed and radial depth of cut on the con-
tinuous generating grinding process, in order to generate
preliminary insights for process design.

SN Applied Sciences
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In this study it was demonstrated that the wear
behaviour of the grinding worms with a vitrified bond
and CBN proceeds without breakouts. This indicates
that no sudden bond failure occurs due to excessive
process loads. The wear of the grinding worm primarily
takes place on the tips of the grinding worm teeth. This
wear of the grinding worm tooth tip leads deviations
of the milling tool and to an increase of both the core
and outer diameter. Nevertheless, it can be assumed that
the resulting deviations do not have significant influ-
ence on the performance of the milling tools. Increased
initial wear of the grinding worm occurs during the
first grinding process. Investigations by Fujimoto et al.
[26] reflect comparable results when dressing vitrified
bonded CBN grinding wheels. Here, the increased ini-
tial wear and characteristic drop in grinding forces were
associated with the loss of unstable grains at edges
and the formation of new sharp cutting edges [26, 27].
Based on the investigations, it can be assumed that a
self-sharpening effect typical for vitrified bonds [26]
occurs with increasing mechanical load and that the
wear behaviour of the grinding worm is influenced by
this. Increasing the cutting speed leads to an increase
of the initial wear of the grinding worm tooth after the
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dressing process. The wear of the grinding worm after
the initial wear is not influenced by the cutting speed.
Furthermore, the influence of the cutting speed on the
cutting edge quality and roughness of the flank and rake
face of the ground milling cutters is low. Consequently,
it can be assumed that the cutting speed after the initial
wear has no influence on the microwear of the grind-
ing worm. An increase of the feed leads to a reduction
of the initial wear of the grinding worm tooth, but to a
further increase of the wear of the grinding worm tooth
after the initial wear. The cutting edge roughness of
the generated milling tool is mainly influenced by the
feed. An increase of the feed leads to an increase of the
cutting edge roughness, but also of the cutting edge
radius. An increase of the feed also leads to an increase
of the roughness of the flank face, although the influ-
ence is negligible due to the small change. This leads to
the presumed conclusion, that the feed does influence
the wear of the microwear of the grinding worm after
the initial wear. On the one hand increasing the depth
of cut by a factor of four has shown that the wear of the
grinding worm tip is not affected. On the other hand
the increase in the depth of cut also extends the wear
to the tooth root of the grinding worm, which does not
lead to any significant deviation of the cutter geometry.
An increase in the depth of cut leads to an increase in
both the cutting edge radius and the surface properties
of the flank and rake of the ground cutters. Based on the
results of this investigation, the following conclusions
can be drawn:

o Vitrified bonded CBN grinding wheels are suitable for
dressing into grinding worms.

e The continuous generating grinding process is capa-
ble of producing cutting tools with the aid of grinding
worms.

¢ Forincreasing the productivity of the process a, should
be selected to a maximum, v_ should be increased as
much as the wear of the grinding worm allows and f
should be low.

e The investigation of the dressing offers further poten-
tial to improve the productivity of the continuous gen-
erating grinding process.
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