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Drill bit

Background of the invention
The invention relates to a drill bit which extends along a center axis in the axial
direction, comprising main cutting edges, which are connected to one another by a
transverse cutting edge, comprising a tool flank adjoining each of the main cutting
edges, which tool flank respectively merges into a chip flute, comprising an
additional point thinning in the region of the transverse cutting edge, and comprising

a drill back configured peripherally between the chip flutes.

A drill bit of this type can be derived, for instance, from WO 2011/151155 A1.

In drilling tools, the problem generally exists that in the center only an inadequate
chip evacuation takes place, which, inter alia, leads also to higher cutting forces.
This problem arises in the region of the transverse cutting edge. In order to reduce
this problem, the so-called point thinning is known, by which, in the region of the
transverse cutting edge, additional material is removed, so that an improved chip
evacuation, in particular also in the region of the center, is obtained. The point
thinning is usually made by an additional grinding operation, in that a grinding wheel

is attached in the region of the transverse cutting edge to the end face of the drill bit.

Similarly, in a so-called four-face starting cut, in addition to the tool flank adjoining
the respective main cutting edge, a further face with stronger inclination than the tool
flank is ground. However, as a result of these additional grinding operations, edges,
which are disturbing, are usually formed, in particular in the transition to the chip

flute.

A drill bit in which, by a special grinding process, the tool flank merges
homogeneously and without edges into the chip flute is described in EP 1 230 058
B1. By virtue of the special grinding process, the tool flank here descends steeply in
the transition to the chip flute. An additional point thinning is in this case explicitly
dispensed with. The special grinding process therefore replaces the otherwise

customary point thinning, which is usually made by a second grinding step.
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Object of the invention

Starting from the above, the object of the invention is to define an improved drill bit.

Achievement of the object
The object is achieved according to the invention by a drill bit having the features of
claim 1. The drill bit can be configured both as an exchangeable drill bit in a modular
drilling tool an as an integral component part of a monolithic drilling tool. The drill bit
generally extends along a center axis in the axial direction and has main cutting
edges, which are connected to one another by a transverse cutting edge. The main
cutting edges here generally extend approximately in the radial direction from an
outer corner to the transverse cutting edge. Preferably, as a result of the main cutting
edge and the transverse cutting edge, a continuous, uninterrupted cutting edge,
where appropriate with chip breaker grooves or chip breaker functionality, is
configured. Preferably, two main cutting edges are configured. Each of the main
cutting edges is adjoined by a tool flank, which respectively merges into a chip flute.
The respective chip flute is continued in a shank region of the drilling tool and can
extend, for instance, helically or else rectilinearly in the shank. Peripherally between
the chip flutes is respectively configured a so-called drill back. In addition to the tool
flank adjoining the respective main cutting edge, which tool flank is usually
respectively made by a grinding process, a point thinning made in the end face of the
drill bit. This point thinning is produced, in particular, by an additional grinding step.
Usually, the point thinning is here ground into the already ground tool flank. In
addition, it is provided that the point thinning extends in a principal direction leading

from the tool flank in the direction of the chip flute and herein takes a convex course.

As a result of the convex transition, defined by the point thinning, from the tool flank
into the chip flute, the point thinning, viewed in the principal direction, therefore in
total assumes an approximately bulged or spherical shape. This measure yields the
particular advantage that the point thinning is configured such that it descends
steeply to the chip flute, so that a disturbing edge in the transition region from the
point thinning to the chip flute, which edge could obstruct a chip flow, is avoided as

far as possible.

Page 2 of 13



WO 2014/116575 PCT/US2014/012293

Unlike in EP 1 230 058 B1, the point thinning is therefore made in the tool flank by
an additional machining step. This yields the advantage that not the entire tool flank
descends steeply toward the chip flute. At the same time, this means that a rear
outer corner of the surface (tool flank and point thinning) adjoining the main cutting

edge — viewed in the axial direction — is arranged at a position close to the tip.

At the rear end of the drill back, thus at that end of the drill back which is facing away
from the cutting edge, a land is often configured as a web running along the chip
flute, in order to improve the guidance of the drilling tool in a drill hole. The above-
described measure yields the particular advantage that this land — compared with a
drilling tool according to EP 1 230 058 B1 — begins at an axially further forward
position. As a result of this measure, the drilling tool is guided better at the start of
the drilling operation. At the start of the drilling operation, the problem namely exists
that the drilling tool, due to a lack of guidance, is easily tilted, which leads to
inaccuracies. This problem is countered, inter alia, also with the arrangement of the
additional land on the rear region of a respective drill back. As a result of the special
drill point grinding according to EP 1 230 058 B1 — in much the same way as in a
four-face drill point grinding — this land is axially set back, however, with a wide

spacing.

Particularly with inhomogeneous materials, such as, for instance, with grey cast iron,
the lack of guidance at the start of the drilling operation is problematical, since, due
to the inhomogeneities of the material, differences in material hardness exist within
the workpiece to be machined, which differences can lead to an unwanted deflection

of the drilling tool.

As a result of the measure proposed here, involving the convexly running point
thinning formed additionally to the tool flank, on the one hand, in the center in the
region of the transverse cutting edge, a large clearance angle is in total created, so
that a simple chip evacuation is ensured. Furthermore, the transition into the chip
flute is also fluid, so that, here too no, or hardly any, disturbing edges arise. Finally,
as a result of this design, it is ensured that a land arranged on the back begins at an

axially front position.
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By "convexly running" is generally understood a bulged or spherical configuration. In
much the same way as in a facet cut, the point thinning can be constituted by a
plurality of straight surface portions, by curved surface portions in combination with
straight surface portions, or else by a plurality of curved surface portions. The
principal direction is generally defined by the direction from the tool flank toward the
chip flute. In particular, the principal direction is defined by the tangent in the
peripheral direction on the rear end of the drill back, which rear end is facing away
from the outer corner. The principal direction is here typically oriented also parallel to
the lagging main cutting edge, in particular to that portion of the main cutting edge

which adjoins the transverse cutting edge.

In addition to the convex, thus spherical course of the point thinning, this, viewed in
the transverse direction perpendicular to the principal direction, is configured such
that it runs concavely, in particular is concavely curved. Viewed in the transverse
direction, the point thinning therefore forms a cavity. In the grinding process, the
curvature of the cavity is preferably formed by the radius of the grinding wheel with
which the point thinning is made. The radius of the cavity is therefore at least similar
to the radius of the grinding wheel (when the grinding wheel is tilted). As a result of
the concavely curved cavity, in the region of the transverse cutting edge a
particularly efficient thinning, and thus a large clearance angle, is obtained. The point
thinning is therefore, in total, doubly curved, namely convexly in the principal

direction and concavely in the transverse direction.

In a preferred embodiment, the tool flank extends from the main cutting edge, in
particular from the outer corner, to the chip flute, thus in particular up to the land
applied peripherally to the drill back, at a (mean) clearance angle ranging from only 5
to 20°. By mean clearance angle is here understood the angle of an imaginary line
with respect to a horizontal plane oriented perpendicular to the axial direction,
wherein the line connects the outer corner to the peripherally rear corner of the drill
back in the transition to the chip flute (thus the axially foremost point of the land). In
the course of the tool flank, the respective local clearance angle can definitely vary.
As a result of this comparatively small mean clearance angle, it is ensured that the
rear corner in the region of the land is located at a position situated axially as far

forward as possible relative to the center point.
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As a result, an only small axial distance is maintained between the outer corner and
the rear corner. The tool flank here extends between the outer corner and the rear
corner over an angular range, for instance, from 80° to 120° and, in particular, of

approximately 100° in a configuration having two main cutting edges.

Furthermore, it is expediently provided that the point thinning, in the rear region at
the transition into the chip flute, is radially distanced from the drill back, i.e. viewed in
the radial direction, the tool flank adjoins the point thinning and remains on an axially

front level in order specifically to ensure that the rear land engages in good time.

With regard to the design of the point thinning in the principal direction, this, in an
expedient embodiment, has adjoining the tool flank a first surface portion, followed
by a second, in particular convexly curved surface portion, and finally a third surface
portion which opens out into the chip flute. The different surface portions are here
characterized, in particular, also by different inclinations with respect to the horizontal
plane perpendicular to the axial direction. Preferably, it is here provided that the third
surface portion, which opens out into the chip flute, is in particular significantly
steeper than the first surface portion. The point thinning therefore initially begins with
a moderate inclination, so as later to descend very steeply toward the chip flute.
Thus the surface portion which merges into the chip flute has an angle of inclination
with respect to the horizontal plane which is greater, for instance by a factor of 1.5 to
2.5, than the corresponding angle of inclination of the first surface portion. Thus the
angle of inclination of the first surface portion lies, for instance, ranging from 20° to
40°, and that of the last surface portion between, for instance, 50° and 70°. As a
result of the steeply descending last (third) surface portion, the angular difference
relative to the adjoining chip flute wall is kept as low as possible and is preferably

only between 0° and 15°.

In an expedient embodiment, it is further provided that the point thinning, viewed in
the principal direction, has surface portions running in a straight line, as well as in a
curve. In particular, it is provided that the first and the third surface portion is
configured in a straight line, and the intermediate second surface portion for

procuring the different inclinations of the two contiguous surface portions is
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configured in a curve. In addition, in particular the transition from the third surface

portion into the chip flute is preferably configured as a radius.

In an alternative preferred embodiment, the point thinning, in its principal direction, is
continuously curved. It here preferably has different radii of curvature in order to
imitate the desired course, namely initially descending shallowly and descending

steeply toward the chip flute — via the various radii of curvature.

In order not to disturb the chip evacuation, in an expedient configuration the
transition of the point thinning into the chip flute is configured at least largely without
edges. The inclination of the point thinning therefore steadily transforms into the
inclination of the chip flute. By inclination is here understood the orientation of the
point thinning or of the chip flute wall in the principal direction with respect to the

horizontal plane.

In an advantageous refinement, it is additionally provided that coolant ducts emerge
on the end face from the drill bit, one coolant duct preferably being assigned to each
main cutting edge. The point thinning here extends up to the opening of the coolant
duct and at least partially encloses said opening. In particular, the openings are cut
into by the point thinning, so that a larger clearance for the coolant discharge is
obtained. As a result, the flow resistance for the discharge of the coolant is reduced

and an improved coolant supply is ensured.

With a view to a good guidance of the drilling tool having such a drill bit, at the rear
end of the drill back on the periphery, in a preferred embodiment, the
aforementioned additional land, in particular in addition to a first land beginning at
the outer corner and running along the chip flute, is formed. In principle, the drilling

tool can be configured with one, two or more lands per main cutting edge.

Description of the figures
An illustrative embodiment of the invention is described in greater detail below with

reference to the figures, wherein:

fig. 1 shows a top view of a drill bit having an axial cutting plane,

Page 6 of 13



WO 2014/116575 PCT/US2014/012293

fig. 2 shows a side view of the drill bit according to fig. 1 having different
horizontal cutting planes,

fig. 3 shows a sectional view of the drill bit in accordance with the sectional
line 3-3 displayed in fig. 1,

fig. 4A shows the top view representation according to fig. 1 of the drill bit

having different axial cutting planes,

fig. 4B shows a sectional view of the drill bit according to the sectional line 4B-
4B in fig. 4A,

fig. 4C shows a sectional view of the drill bit in accordance with the sectional
line 4C-4C in fig. 4A,

fig. 4D shows a sectional view of the drill bit along the cutting plane 4D-4D in
fig. 4A,

figs. 5A — D show various sectional top views of the drill bit according to the
horizontal cutting planes 5A-5A, 5B-5B, 5C-5C, 5D-5D according to fig.
2.

Description of the illustrative embodiment

In the illustrative embodiment, the drill bit 2 represented in the figures has two main
cutting edges 4, which are connected via an, in particular, approximately S-shaped
transverse cutting edge 6. The drill bit 2 extends along a center axis 8 in the axial
direction. At the same time, the center axis 8 defines a rotational axis. During drilling
operation, the drill bit 2 rotates about the center axis 8 in the rotational direction 10.
The drill bit 2 is configured rotationally symmetrically with respect to a 180° rotation
about the center axis 8. In the case of more than two main cutting edges 4, the drill
bit 2 typically has a 360° rotational symmetry. At variance with an exact rotational

symmetry, a certain asymmetry, thus an unequal distribution, can also be provided.

The respective main cutting edge 4 is adjoined by a tool flank 12, which is arranged

at a (mean) clearance angle y to a horizontal plane perpendicular to the center axis 8
(fig. 2).

The foremost point of the drill bit 2 is defined by a tip, situated on the center axis 8,

of the transverse cutting edge 6. In the illustrative embodiment, the tool flanks 12,
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starting from the cross sections, descend toward the periphery in the manner of a

conical surface.

Ahead of a respective main cutting edge 4 is configured a chip flute 14, which
extends in the axial direction. On the periphery, the so-called drill back 16 is
configured between successive chip flutes 4. The end face of the drill bit 2 is
therefore configured, in total, approximately conically, with recesses for the chip

flutes.

At the radially outer point, the respective main cutting edge 4 merges into a
respective outer corner 18. This is adjoined at the periphery, thus at the front end of
the respective drill back 16, by a first land 20, which runs along a secondary cutting

edge (not represented in detail here), and thus along the chip flute 14.

The tool flank 12 extends on the periphery from the outer corner 18 to a rear corner
22, at which the tool flank merges, with the formation of an edge, into the chip flute
14. On the drill back 16, starting from this rear corner 22, is configured a second land

24, which runs along the chip flute 14.

In addition, coolant ducts 28 are configured in the drill bit, which emerge on the end

face via openings.

By a separate grinding operation, a point thinning 30, which serves for the thinning
of, thus the removal of material from, the drilling center in the region of the
transverse cutting edge 6, is made in the tool flank 12 to enable efficient chip

evacuation in the region of the transverse cutting edge 6.

This point thinning 30 is made in the tool flank 12 by a separate grinding operation
and extends along a principal direction 32 (cf. fig. 1) from the tool flank 12 to the chip
flute 14. As can be seen, in particular, from the sectional representation of fig. 3, the
point thinning 30 runs spherically, thus convexly, in the principal direction 32. At the
same time, the point thinning has in a transverse direction 34 (cf. fig. 1)

perpendicular to the principal direction a concave course and therefore forms a
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cavity in the transverse direction 34 (cf., for example, figs. 4B-4D). The point thinning

30 is therefore configured, in total, in the manner of a doubly curved surface.

As can be seen, in particular, from fig. 3, the point thinning, viewed in the principal
direction 32, is formed from a plurality of surface portions 36A-C. In the illustrative
embodiment, these are three portions in total, namely a first surface portion 36A,
which extends in a straight line in the principal direction 32 at an angle of inclination
a1 with respect to a horizontal plane, a second surface portion 36B, formed by a first
radius r1, and a third surface portion 36C, which in turn is oriented in a straight line
at a second angle of inclination a2. In the illustrative embodiment, the first angle of
inclination a1 and the second angle of inclination a2 lies in the region of about 60°.
These two angles of inclination generally differ, for instance, by a factor of 1.5 to 2.5.
The third surface portion 36C is therefore oriented significantly more steeply than the
first surface portion 36A, so that an as far as possible homogeneous transition into
the adjoining chip flute wall 38 is achieved. In order to ensure an edge-free
transition, the transition from the third surface portion 36C into the chip flute wall 38
is rounded via a radius. The first radius r1 of the middle, second surface portion 36B

lies preferably within the range of 0.1 to 4 times the nominal radius R of the drill bit 2
(fig. 3).

As is evident, in particular, from figures 4A to 4D, as a result of the concave cavity in
the transverse direction 34, a thinning of the drilling center in the region of the
transverse cutting edge 6 is achieved. The cavity here has a second radius r2, which
is comparable to the first radius r1 and ranges, for instance, between 0.1 and 0.4

times the nominal radius R.

With reference to the sectional images according to figures 5A — 5D, the cross-
sectional surfaces of the drill bit 2 on different axial contour lines are evident. Itis
here clear that the point thinning 30 is recessed into the tool flank 12, thus is set
back from the latter respectively in the axial direction. At the height level of the rear
corner 22, the point thinning 30 is therefore continued still further in the axial
direction toward the chip flute 14, as is evident, in particular, with reference to the

representation according to fig. 5D. Given an imaginary radial line starting from the
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center axis 8, the point thinning 30 therefore lies respectively axially set back in

comparison to the respective sectional plane through the tool flank 12.

As can be seen, in particular, also from fig. 1, the coolant ducts 28 are partially cut
into by the point thinning 30, i.e. the point thinning extends into the openings of the
coolant ducts 28. As a result, an improved coolant discharge with lower flow

resistance is obtained.
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Claims

1. Adrill bit (2) which extends along a center axis (8) in the axial direction,

- comprising main cutting edges (4), which are connected to one another by a
transverse cutting edge (6),

- comprising a tool flank (12) adjoining each of the main cutting edges (4),
which tool flank respectively merges into a chip flute (14),

- comprising an additional, recessed point thinning in the region of the
transverse cutting edge, and

- comprising a drill back (16) configured peripherally between the chip flutes,

characterized in that
the point thinning (30), extending in a principal direction (32) from the tool flank

(12), merges, with a convex course, into the chip flute (14).

2. Thedrill bit (2) as claimed in claim 1,
characterized in that
the point thinning (30), in a transverse direction (34) perpendicular to its

principal direction (32), is concavely curved.

3.  The drill bit (2) as claimed in claim 1 or 2,
characterized in that
the tool flank (12) extends from the main cutting edge (4) to the chip flute (14)

at a mean clearance angle (y) ranging from 5 to 20°.

4.  The drill bit (2) as claimed in one of the preceding claims,
characterized in that
the point thinning (30), at the transition into the chip flute (14), is radially
distanced from the drill back (16).
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10.

11.

The drill bit (2) as claimed in one of the preceding claims,

characterized in that
the point thinning (30) has, starting at the tool flank (12), a first surface portion
(36A), followed by a second surface portion (36B), and finally a third surface
portion (36C), which opens out into the chip flute (14).

The drill bit (2) as claimed in claim 5,

characterized in that
the surface portions (36A — C), in the principal direction (32), descend variously
steeply to the chip flute (14) and the third surface portion (36C) is steeper than
the first surface portion (36A).

The drill bit (2) as claimed in one of the preceding claims,
characterized in that
the point thinning (30), in the principal direction (32), has surface portions (36A-

C) extending in a straight line, as well as in a curve.

The drill bit (2) as claimed in one of the preceding claims,
characterized in that

the point thinning (30), in the principal direction (32), is continuously curved.

The drill bit (2) as claimed in one of the preceding claims,
characterized in that

the point thinning (30) merges without edges into the chip flute (14).

The drill bit (2) as claimed in one of the preceding claims,

characterized in that
coolant ducts (28) emerge on the end face, wherein the point thinning (30)
extends respectively up to a coolant duct (28) and at least partially encloses
this.

The drill bit (2) as claimed in one of the preceding claims,
characterized in that
a second land (24) is arranged at that end of the drill back (16) which is facing

away from the main cutting edge (4).
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2 because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claim 6 is unclear, because it refers to multiple dependent claim 5 which does not comply with PCT Rule 6.4(a).

3. Claims Nos.: 4-57-11

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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