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Abstract

In order to provide a rotary tool, in particular a drill (2), with a long service life together
with high-quality drill holes, particularly in the case of through bores, the invention pro-
vides a cutting head (4) which extends along a rotational axis (10) and has a plurality of
main cutting edges (6, 8) which extend radially outwards and each end at a cutting cor-
ner (16) having a corner bevel, wherein the corner bevels are of differing designs, spe-

cifically in the form of a roughing bevel (18) and in the form of a finishing bevel (20).

Fig. 1a
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Description

Rotary tool, in particular a drill

The Iinvention relates to a rotary tool, in particular a drill, comprising a cutting head
which extends along a rotation axis and has a plurality of main cutting edges which ex-
tend radially outward and each end at the circumference of the cutting head at a cutting

corner having a corner bevel.

Such a cutting tool designed as a rotary tool can be seen, for example, from DE 202 09
767 U1.

During the cutting operation, for example using drills, but also by means of reamers,
milling cutters, in particular end mills, step drills, deep-hole drills or “three-lipped cut-
ters”, there is generally the problem that the cutting corner is subjected to both high
mechanical and high thermal loading in these rotary tools. In order to reduce this load-
INg, It 1Is known to provide “corner bevels” at the cutting corner. Due to this corner bevel,
the main cutting edge does not run out rectilinearly to the circumference. No cutting
corner having a sharp point is therefore formed at the transition between the main cut-
ting edge and the outer circumference. Due to this measure, the cutting corner is there-
fore subjected to less loading overall and therefore the service life of the cutting tool
can be increased. At the same time, however, there is the problem that, when through-
openings, for example through-bores, are being formed, an undesirable burr at the exit

of the drill hole is increased. This often requires subsequent treatment of the burr in

order to achieve the drilling quality required.

In order to counter “fraying of the drill hole”, provision is made in the twist drill which can
be seen from DE 202 09 7676 U1 for a re-working secondary cutting edge to adjoin a
respective main cutting edge. A flank adjoining the main cutting edge therefore extends
right up to the respective re-working secondary cutting edge assigned to the respective
main cutting edge. In this case, the secondary cutting edge Is arranged to be set back

axially from the main cutting edge.
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The object of the invention is to specify a rotary cutting tool which ensures a long ser-

vice life and at the same time allows through-openings having as small a burr as possi-

ble to be formed.

In this case, the rotary tool is in particular a drill. However, the features accord-

ing to the invention can also be used in other rotary tools, such as, for example, ream-
ers, milling cutters, in particular end miils, step drills, deep-hole drills, etc. Here, the ro-
tary tool can be of both one-piece and modular design. In a modular tool, the cutting

head is normally interchangeably fastened as a separate element in a parent body.

The rotary tool has a cutting head which extends along a rotation axis and which has a
plurality of main cutting edges, in particular two main cutting edges, which extend ra-
dially outward. These main cutting edges each end at the circumference of the cutting
head at a cutting corner which has a respective corner bevel. The corner bevels of the
respective main cutting edges are designed to be different. They are designated as
roughing bevel and as finishing bevel. The main cutting edge having the roughing bevel
is also designated below as guide bevel and the main cutting edge having the finishing
bevel is designated as free cutting edge. The two main cutting edges are characterized
inter alia in that they are arranged at the same axial level as viewed in the axial direc-

tion. This means that main cutting edge sections, apart from in the region of the corner
bevels, which are at the same radial distance from the center axis formed by the rota-

tion axis, are arranged at the same axial level.

The decisive advantage of this configuration can be seen in the fact that the corner
bevels are assigned different functions due to the different configuration thereof. Thus,
the roughing bevel serves for initial or rough machining and the finishing bevel serves
for re-work or finish machining. Due to this measure, a burr is largely avoided at
through-holes on account of the finishing bevel. At the same time, the configuration of

the roughing bevel ensures that the loading of the cutting corners is reduced and the

service life is thereby increased overall.
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The use of additional secondary cutting edges can be dispensed with and is therefore
preferably dispensed with, thereby resulting overall in a rotary tool of simple geometry
which is simple and inexpensive to produce. The different configuration of the bevels
and the design thereof as roughing bevel and as finishing bevel is advantageous in par-
ticular in those rotary tools in which the cutting capacity is apportioned asymmetrically
to the main cutting edges. In a rotary tool having two main cutting edges, the one main
cutting edge therefore has a greater cutting capacity than the other main cutting edge.
The one having the greater cutting capacity is designated as guide cutting edge and the
one having the smaller cutting capacity I1s designated as free cutting edge. The guide
cutting edge, which is subjected to higher loading, has the roughing bevel, and the free

cutting edge, which Is subjected to lower loading, has the finishing bevel.

Provision is therefore expediently made for the roughing bevel to be larger than the fin-
Ishing bevel. The expression “larger” in this case means that, in order to form the bevel,
more material Is removed from the cutting head at the roughing bevel than at the finish-
INg bevel. In particular, the expression “larger bevel” means that the width of the bevel
Is larger. The width of the bevel is In this case defined by the distance between the
transition points to the main cutting edge on the one hand and to the secondary cutting

edge, running along a flute, or the drill circumference on the other hand.

In order to eliminate the burr as far as possible and secondly achieve as long a service
life as possible, the two bevels differ markedly in their size, such that the roughing bevel
IS expediently more than twice as large as, in particular five times as large as, the finish-
iIng bevel. In particular, the finishing bevel and the roughing bevel have a size ratio
which is between 1:2 and 1:50 and is preferably between 1:25 and 1:50. Depending on
the application, in particular depending on the nature of the material to be cut and/or
the material of the rotary tool, the bevels can be designed as conventional sloping bev-
els, as round bevels or as double bevels. Bevels of identical design are preferably used
here for the finishing and roughing bevels. Alternatively, it is also possible to design the
finishing and roughing bevels to be different from one another, for example to configure

the roughing bevel as a round bevel and the finishing bevel as a sloping bevel.
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Furthermore, provision is expediently made for the two bevels to be inclined at the
same inclination angle relative to the rotation axis. They expediently enclose between
them a bevel point angle which is generally between 0° and a point angle defined by
the main cutting edges. The point angle defined by the main cutting edges is desig- '
nated as drill point angle in the case of a drill. The bevel point angle in this case is pref-

erably within the range of between 40° and 100°.

The different configuration of the bevels is preferably used in an asymmetrically de-

signed rotary tool in which the main cutting edges have different cutting capacities. This

Is achieved by the asymmetrical configuration overall.

In this case, provision is preferably made for the two main cutting edges, in a configura-
tion having two main cutting edges, to be arranged at a pitch angle to one another
which is different from 180°. The pitch angle in this case is preferably within the range
of between 185° and 200°. It is expediently determined by a prime number, in particular
193°. It is generally the case that the pitch angle is not equal to the nth part of 360°, n

being the number of main cutting edges.

Furthermore, in order to ensure sufficient concentric running in such an asymmetrical
configuration, a supporting bevel is expediently provided on the outer circumference of
the tool following the guide cutting edge in the rotation direction. In addition, a first sup-
porting bevel is provided on the outer circumference, to be precise starting at the guide
cutting edge. On account of the asymmetrical configuration and the higher cutting ca-
pacity of the guide cutting edge, the cutting tool is pfessed on one side against the bore
wall, such that improved concentric running is achieved by the double support. In con-
trast, no guide bevel or at most a small guide bevel, which likewise runs aiong the outer
circumference In the axial direction, is provided at the free cutting edge. In this case,
the supporting bevel and the guide bevels preferably run in each case along flutes. The
difterent design of the corner bevels is used in particular in a rotary or drilling tool as
described in DE 10 2006 025 294.2, to'which reference is héreby made in this respect.



CA 02702978 2012-04-11

- ©8188-282
— 4a -

In accordance with an aspect of the invention, there Is provided rotary
tool, in particular a drill, comprising a cutting head which extends along a rotation axis
and has a plurality of main cutting edges which extend radially outward and each end
at the circumference of the cutting head at a cutting corner hacing a corner bevel,

wherein the corner bevels are designed to be different, namely as a roughing bevel

and as a finishing bevel.
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Exemplary embodiments of the invention are explained in more detail below with refer-

ence to the figures. In the drawing, in each case in schematic and partly simplified illus-

trations:

Fig. 1a shows a side view of a rotary tool, designed as a twist drill, in the region of
the drill point,

Fig. 1b shows a side view of the drill point according to fig. 1a after a 180° rotation
about its rotation axis,

Fig. 1c shows an enlarged illustration of the region of fig. 1a identified by “X",

Figs 2a, 2b show a side view of a drill point in a second configuration in which the
bevels are designed as double bevels, fig. 2b showing the region of fig. 2a
identified by “X", in an enlarged illustration,

Figs 3a,3b show an illustration, comparable with figs 2a, 2b, of a third embodiment
variant in which a corner radius is provided in each case for forming the

bevels,

Figs 4a,4b show an illustration, comparable with figs 2a, 2b, of a fourth embodiment
variant in which the two bevels are of different design,

Fig. 5 shows an end view of an asymmetrically configured drill point, and

Figs 6a, 6b show a cross-sectional illustration of a drill having the drill point shown In

fig. 5, fig. 6b being an enlarged illustration of the region Iin fig. 6a identified

by a circle.

Parts having the same effect are provided with the same reference numerais in the fig-

Ures.

The individual details and features are explained below with reference to a rotary tool
designed as a twist drill 2. The twist drill 2, only shown In sections, has, as a cutting
head, a drill point 4, on which a plurality of main cutting edges 6, 8, two in the exem-
plary embodiment, are formed at the end face. Hereinafter, one main cutting edge Is
designated as guide cutting edge 6 and the other main cutting edge Is designated as
free cutting edge 8. The two main cutting edges 6, 8 are connected to one another via a

chisel edge 12 in the region of a center axis of the drill 2, which at the same time forms
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a rotation axis 10. During use, the drill 2 rotates about the rotation axis 10 in rotation

direction D. The drill point 4 is designed approximately in the shape of a lateral surface
of a cone, such that the main cutting edges 6, 8 run obliquely outward from the chisel
edge 12. A respective main flank 14 adjoins a respective main cutting edge 6, 8 - as
viewed In the opposite direction to the rotation direction D. A respective flute 15 is made
In the drill body in front of the main cutting edges 6, 8 In the rotation direction D. Said
flute 15 runs helically in the exemplary embodiment. The respective main cutting edge
0, 8 extends roughly in approximately the radial direction up to a cutting corner 16, a
respective corner bevel being formed on the cutting corner 16. In this case, the guide
cutting edge 6 has a corner bevel designated below as roughing bevel 18 and the free

cutting edge 8 has a corner bevel designated as finishing bevel 20.

As can be seen directly from figs 1 to 4, the two bevels 18, 20 are designed to be
greatly different in size. In this case, the roughing bevel 18 has a width b1 and the fin-
Ishing bevel 20 has a width b2, which is many times smaller than the width b1. The
width In this case is defined by the distance between the transition or bend point P1
between the approximately rectilinear course of the respective main cutting edge 6, 8 to
the respective bevel 18, 20 and the further transition or bend point P2 at which the re-
spective bevel 18, 20 merges into the circumferential side, the “driil land™ 22. In this

case, the two bevels 18, 20 merge into a respective secondary cutting edge 24 running

along the respective flute 15.

The ratio b2:b1 is preferably within the range of 1:2 to 1:50 and is in particular within the
range of 1:25 to 1:50. The two lands 18, 20 are inclined by the same inclination angle

relative to the rotation axis 10. If required, different inclination angles can also be pro-
vided. The two guide bevels 18, 20 together enclose a bevel point angle o, which In the
exemplary embodiment is approximately within the range of between 60 and 90°, pref-

erably within the region of 80°.

Whereas in the exemplary embodiment in fig. 1 the two bevels 18, 20 are designed as
simple sloping bevels, provision is made according to the exemplary embodiment in fig.

2 for each bevel 18, 20 to be designed as a double bevel, that Is to say for two sloping
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bevels to directly adjoin one another. Instead of the arrangement of two or even more

sloping bevels disposed one after the other, the respective roughing bevel 18 or finish-
ing bevel 20 can also be designed as a radius, as shown in fig. 3. Finally, any desired
combinations are possible, which can be selected in each case as a function of the re-
spective requirements specification. It is thus possible, as shown In fig. 4, to design the
roughing bevel 18 as a round bevel and the finishing bevel 20 as a sloping bevel. Con-
versely, the finishing bevel can also be designed as a round bevel and the roughing

bevel 18 as a sloping bevel or as a double bevel, etc.

The drill shown in figs 1 to 4 is asymmetrical overall with respect to the rotation axis 10,
as will be explained below in more detail with reference to figs 5 and 6. As can already
be seen when comparing the two side illustrations of figs 1a and 1b, a first and a sec-
ond supporting bevel 26a, 26b are provided at the margins on the drill land 22 adjoining
the guide cutting edge 6, said supporting bevels 26a, 26b in each case running along
the respective flute 15. In contrast thereto, the drill land 22 adjoining the free cutting
edge 8 has only one guide bevel, designated below as residual guide bevel 28. It is also
already indicated by the dashed illustration of the free cutting edge 8 in fig. 1b that the

two cutting edges 6, 8 are not arranged exactly opposite one another with respect to a

180° rotation.

It can be seen from the plan view according to fig. 5 that the two main cutting edges 6,
8 are connected to one another via the chisel edge 12. The two main cutting edges 6,
8, measured at the cutting corners 16, enclose between them a pitch angle € which Is
less than 180° and is in particular within the range of between 160° and 175°. In the
exemplary embodiment, the pitch angle ¢ is preferably 167°. As can also be seen from
the plan view of fig. 5, the drill 2 is also constructed asymmetrically with regard to the
material distribution relative to the axis of symmetry (rotation axis 10). To be precise, a
first drill half 30a adjoining the guide cutting edge 6 is designed to be bulkier than the
second drill half 30b adjoining the free cutting edge 8. In the plan view, the chisel edge
12 curved roughly in an S shape separates the two half sections of the drill 2 from one
another. Starting from the cutting corner 16 having the roughing bevel 18, the first sup-

porting bevel 26a adjoins the circumferential wall formed by the drill land 22. The sec-
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ond supporting bevel 26b is arranged at the end of the drill land 22 as viewed in the

opposite direction to the rotation direction D. Said supporting bevel 26b has approxi-
mately half to twice the extent or width of the first supporting bevel 26a. The first sup-
porting bevel 26a covers a rotation angle approximately within the range of 10° to 15°.
The first drill half 30a adjoining the guide cutting edge 6 covers an angular range
greater than 90°, in particular about 95° to 120°. In contrast thereto, the second drill half
30b covers an angular range which is smaller and in particular below 90° and is pref-

erably greater than 70°.

As can also be seen from the plan view of fig. 5, the roughing bevel 18, which can be
clearly recognized, Is designed to adjoin the guide cutting edge 6. In contrast thereto,
the markedly smaller finishing bevel 20, which extends only over a small angular range
of, for example, 10°, is formed on the cutting corner 16 of the free cutting edge 8. In
contrast, the roughing bevel 18 extends continuously from the first supporting bevel 26a

up to the second supporting bevel 26b.

Furthermore, two coolant passages 32 which emerge from the drill at the end face can

be seen from fig. 5 and fig. 6.

A hole or bore wall 34 is additionally shown in fig. 6. The two supporting bevels 26a,
26b are arranged on a circumferential line defined by the drill radius, such that they
bear over the surface area against the bore wall 24 formed during the cutting operation.
(Good support overall is thereby achieved. At the same time, the residual guide bevel 28
IS supported only at a small section on the bore wall 34, as can be seen In particular
from the enlarged illustration of fig. 6b. In this case, the support of the residual guide

bevel 28 covers an angular range which is preferably less than 1°. Rather, a clearance
angle y is formed at the residual guide bevel 28 so that bearing against the bore wall 34
over a large surface area is prevented. In this case, the clearance angle y is In the re-
gion of a few degrees, for example in the region of 10°. The pitch angle € complemen-

tary to the pitch angle ¢ i1s shown in fig. 6. Further angular values which are selected for
the exemplary embodiment can be seen from fig. 6. These angular specifications can of

course be different in alternative embodiment variants. Furthermore, the clearance an-
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gle y complementary to the clearance angle y can be seen from fig. 6a, said clearance

angle ¥’ being 81° in the exemplary embodiment.

On account of the asymmetrical configuration of the drill, said drill has a deliberate
asymmetrical force distribution. A resultant radial force F is therefore obtained during
the rotation about the rotation axis 10, and this resultant radial force F leads to the drill
30 being supported with its drill half 30a against the bore wall 34. As a result, the sup-
porting bevels 26a, 26b are loaded, as indicated by the arrows (cf. fig. 5). At the same

time, the opposite residual guide bevel 28 is relieved, such that asymmetrical loading of

the drill overall occurs.

Substantially better concentric running and a better cylindrical form of the bore are
achieved by the different configurations of the roughing bevel 18 and the finishing bevel

20 in conjunction with the specific support by the supporting bevels 26a, 26b.
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CLAIMS:
1. Rotary tool, in particular a drill, comprising a cutting head which extends

along a rotation axis and has a plurality of main cutting edges which extend radially
outward and each end at the circumference of the cutting head at a cutting corner
having a corner bevel, wherein the corner bevels are designed to be different, namely

as a roughing bevel and as a finishing bevel.

2. The rotary tool as claimed in claim 1, wherein the roughing bevel is

larger than the finishing bevel.

3. The rotary tool as claimed in claim 2, wherein the roughing bevel is

more than twice as large as the finishing bevel.

4. The rotary tool as claimed in claim 2 or 3, wherein the size ratio

between finishing bevel and roughing bevel is between 1:25 and 1:50.

5. The rotary tool as claimed in claim 1, wherein the finishing bevel and

the roughing bevel are identical.

0. The rotary tool as claimed in any one of claims 1 to 4, wherein at least

one of a size and shape of the finishing bevel is different from the roughing bevel.

/. The rotary tool as claimed in any one of claims 1-6 wherein the finishing

bevel and the roughing bevel are inclined at the same inclination angle relative to the

rotation axis.

8. The rotary tool as claimed in any one of claims 1-7 wherein the finishing
bevel and the roughing bevel enclose a bevel point angle between them which is
between 40° and 100°.

9. The rotary tool as claimed in any one of claims 1-8 wherein the cutting
head is designed to be asymmetrical with respect to the rotation axis, and the main
cutting edge having the roughing bevel is designed as guide cutting edge and the

main cutting edge having the finishing bevel is designed as free cutting edge.
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10. The rotary tool as claimed in claim 9, wherein the guide cutting edge
and the free cutting edge are arranged at a pitch angle different from 180°, in

particular at a pitch angle within the range of between 185° and 200°.

11. The rotary tool as claimed in claim 9 or 10, wherein a supporting bevel
IS provided on the outer circumference following the guide cutting edge in the rotation

direction.
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