Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2460171 C 2009/11/24

(11)(21) 2460 171

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2002/09/20

(87) Date publication PCT/PCT Publication Date: 2003/04/10
(45) Date de délivrance/lssue Date: 2009/11/24

(85) Entree phase nationale/National Entry: 2004/03/09

(86) N° demande PCT/PCT Application No.: US 2002/030136
(87) N° publication PCT/PCT Publication No.: 2003/028930
(30) Priorité/Priority: 2001/10/02 (US09/969,234)

51) Cl.Int./Int.Cl. 5235 57/02(2006.01)

(72) Inventeur/Inventor:
ERICKSON, ROBERT A., US

(73) Proprietaire/Owner:
KENNAMETAL INC., US

(74) Agent: SMART & BIGGAR

(54) Titre : OUTIL COUPANT
(54) Title: CUTTING TOOL

(57) Abréegée/Abstract:

The tool (10) comprises a sank (16) and a head (18). Shank (16) has a recelver (20) comprised of a sank guide (28), opposing
shank drive keys (32) at a leading end of the receiver (20), and a shank locator (30) axially between the sank guide (28) and the

shank drive keys (32).

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

FIGNNY 4

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

OPIC - CIPO 191

“y I 4 e, : x - \
L RSN
4
3




WO 03/028930 Al

CA 02460171 2004-03-09

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

10 April 2003 (10.04.2003)

(51) International Patent Classification’: B23B 51/02

(21) International Application Number: PCT/US02/30136

(22) International Filing Date:
20 September 2002 (20.09.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

09/969,234 2 October 2001 (02.10.2001) US

(71) Applicant: KENNAMETAL INC. [US/US]; P. O. Box
231, 1600 Technology Way, Latrobe, PA 15650-0231 (US).

(72) Inventor: ERICKSON, Robert, A.; 1005 Pebblebrook
Drive, Raleigh, NC 27609-6032 (US).

(54) Title: CUTTING TOOL

PCT

(10) International Publication Number

WO 03/028930 Al

(74) Agents: MEENAN, Larry, R. et al.; Kennametal Inc., P.
O. Box 231, 1600 Technology Way, Latrobe, PA 15650-
0231 (US).

(81) Designated States (national): BR, CA, IL, IN, JP, KR.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE, SK, TR).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(57) Abstract: The tool (10) comprises a sank (16) and a head (18). Shank (16) has a receiver (20) comprised of a sank guide (28),
opposing shank drive keys (32) at a leading end of the receiver (20), and a shank locator (30) axially between the sank guide (28)

and the shank drive keys (32).



CA 02460171 2004-03-09

WO 03/028930 PCT/US02/30136

10

15

20

25

30

CUTTING TOOL

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] This mvention generally relates to a cutting tool and is specifically concerned
with a separable end working or rotary cutting tool that is adapted to rotate to cut a

stationary workpiece or that may cut a rotating work piece when stationary.

Description of the Related Art
[0002] Separable rotary cutting tools are known in the prior art. One such tool is

described in U.S. Patent No. 5,904,455, to Krenzer et al. This tool is described as a
drill comprising an insert and body. The drill has a locating feature comprised of a
groove 1n the body defined by two groove flanks and mating side faces on the head.
The groove is slightly smaller than the insert. This results in a positive location and
an interference fit between the insert and body. In operation, the insert is forced in an
axial direction in the groove or drawn into the groove with a screw. In absence of a
screw, the insert 1s predisposed to be axiaily displaced and thus can become axially
dislodged from the groove. On the other hand, the use of a screw would require the
physical size of the tool to be large enough to accompany the screw.

[0003] Other separable rotary cutting tools are described in U.S. Patents No.
0,059,492 and 5,957,631, to Hecht. Both patents describe an insert and body joint.
One embodiment includes two base surfaces, two torque transmission walls, and two
fixation walls. The transmission and fixation walls are located between the base
surfaces and adjacent to one another. The transmission walls are spaced 180 degrees
apart as are the fixation walls. The fixation walls are conical or dovetail in shape and
expand 1n a direction away from the cutting tip of the insert. The base surfaces are
transverse or perpendicular from the axis of the body. A front base surface is used as
the axial stop. The torque transmission walls are defined as extending in radial
directions. The fixation walls are defined as having radial dimensions substantially
less than the cutting diameter. Hecht also describes an embodiment comprised of a
pair of base surfaces, one of which acts as an axial stop. Torque transmission walls
and fixation walls are located between these base surfaces. The torque transmission
walls are transverse to the axis of the fixation walls. The length of the fixation and

transmission walls is about the same. The fixation walls are located further away
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from the tool tip than the torque transmission walls. Both of these embodiments
described by Hecht have a reduced nisk of becoming axially dislodged because each
includes conical or dovetail shaped fixation walls. However, such walls are difficult
to machine because the walls expand 1n a direction away from the cutting tip of the
insert and into the body.

[0004] - Clearly, there 1s a need for a separable rotary cutting tool that is not prone to
madvertent axial separation. Ideally, such a tool would be easier to manufacture and
thus minimize the cost of the tool. Finally, it would be desirable if such a tool could be

easily assembled.

SUMMARY OF THE INVENTION
[0005]  Generally speaking, the invention 1s directed to a rotary cutting tool that
overcomes the aforementioned shortcomings associated with the prior art. To this end,
the tool of the mmvention comprses a shank and a head. The shank has a receiver
compnsed of a shank guide at a trailing end of the receiver, opposing shank dnve
keys at a leading end of the receiver, and a shank locator located axially between the
shank gmde and the shank drive keys. The shank drive keys each comprises an
axially extending shank drive key radial stop surface that is disposed at an angle
relative to a plane extending through a central axis of the receiver. The head has a
connector comprised of a head guide at a trailing end of the connector, opposing head
drive keys at a leading end of the connector, and a head locator located axially

between the head guide and the head drive keys. The head drive keys each comprises
an axially e.xtending head drive key radial stop surface that 1s disposed at an angle
relative to a plane extending through a central axis of the connector. Each shank drive
key radial stop surface i1s adapted to angularly align with a corresponding head drive
key radial stop surface.
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In accordance with an aspect of the invention, there is provided a
rotary cutting tool comprising: a shank having a receiver comprising: a shank
guide at a trailing end of the receiver; opposing shank drive keys at a leading enad
of the receiver; and a shank locator axially between the shank guide and the
shank drive keys, the shank drive keys each comprising an axially extending
shank drive key radial stop surface that is disposed at an angle relative to a plane
extending through a central axes of the receiver; and a head having a connector
comprising: a head guide at a trailing end of the connector; opposing head drive
keys at a leading end of the connector; and a head locator portion axially between
the head guide and the head drive keys, the head drive keys each comprising an
axially extending head drive key radial stop surface that is disposed at an angle
relative to a plane extending through a central axes of the connector, wherein
each shank drive key radial stop surface is adapted to angularly align with a

corresponding head drive key radial stop.

" In accordance with another aspect of the invention, there is provided
a rotary cutting tool comprising: a shank having a central axis, a leading end, a
trailing end, an outer surface defining a shank diameter, and a receiving portion at
the leading end, the receiving portion comprising: a shank guide portion having a
leading end and a trailing end, the shank guide portion being defined by a pair of
inner shank guide surfaces radially spaced apart by a shank guide diameter, the
shank guide further being defined by a radially extending shank guide surface at
the trailing end of the shank guide portion; a shank locating portion having a
leading end and a trailing end, the shank locating portion being defined by a pair
of radially spaced inner locating surfaces originating adjacent the leading end of
the shank guide portion and extending away from the shank guide portion toward
the leading end of the shank, the inner locating surfaces being spaced apart by a
locating diameter that is larger than the shank guide diameter, the inner locating
surfaces terminating at a radially extending shank locating surface at the leading
end of the shank locating portion, the radial shank locating surface extending

radially outward from the leading end of each of the inner locating surfaces; and a
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shank drive key extending axially from the leading end of each of the inner
locating surfaces, each shank drive key comprising an inner shank drive key
surface, an outer shank drive key surface, opposing axially extending shank drive
key surfaces, and a radially extending shank drive key surtace, the inner and outer
shank drive key surfaces extending between the opposing axially extending shank
drive key surfaces, the radially extending shank drive key surtaces extending in a
first direction between the inner and outer shank drive key surfaces and in a
second direction between the opposing axially extending shank drive key
surfaces; and a head having a central axis, a leading end, a trailing end and a
mounting portion at the leading end of the head, the mounting portion comprising:
a head guide portion having a leading end and a trailing end, the head guide
portion being defined by a pair of head guide surtface-radially spaced apart by a
head guide diameter, the head guide further being defined by a radially extending
head guide surface at the trailing end of the head guide portion; a head locating
portion having a leading end and a trailing end, the head locating portion be
defined by a pair of radially spaced outer locating surfaces originating adjacent the
leading end of the head guide portion and extending away from the head guide
portion toward the leading end of the head, the outer locating surfaces being
spaced apart by a head locating diameter that is larger than the head guide
diameter and larger than the shank locating diameter, the outer locating surfaces
terminating at a radially extending head locating surface the leading end of the
head locating portion, the radially extending locating surface extending radially
outward from the leading end of each of the outer locating surfaces; and a head
drive key extending axially from the trailing end of each of the outer locating
surfaces, each head drive key comprising an outer head drive key surface,
opposing axially extending head drive key surfaces, and a radially extending head
drive key surface, the radially extending head drive key surface extending
between the opposing axially extending head drive key surfaces, wherein one of
the radially extending surfaces of the receiving portion is an axial stop surtace,

one of the radially extending surfaces of the mounting portion Is an axial stop
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surface that cooperates with the axial stop surface of the receiving portion, one of
the axially extending surfaces of each shank drive key is a radial stop surface, and
one of the axially extending surfaces of each head drive key is a radial stop
surface that cooperates with an axial stop surface ot a corresponding one of the
shank drive keys, each shank drive key radial stop surface being adapted to
angularly align with a corresponding head drive key radial stop, each drive key
radial stop surface being disposed at an angle relative to a plane extending

through the central axis of the shank and head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Further features of the present invention, as well as the advantages

derived therefrom, will become clear from the following detailed description made

with reference to the drawings in which:

[0007] FIGURE 1 is an exploded perspective view of a rotary cutting tool of

the invention:
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[0008] FIGURE 2 is a perspective view of the rotary cutting tool shown in Figure 1
partially assembled;
[0009] FIGURE 3 is a perspective view of the rotary cutting tool shown 1 Figures
1 and 2 completely assembled,;
S [0010] FIGURE 4 is an exploded side elevational view of the rotary cutting tool
shown in Figures 1-3;
[0011] FIGURE 5 is a sectional view in elevation of a rotary cutting tool of the
invention;
[0012] FIGURE 6 is a cross-sectional view of the rotary cutting tool taken along the
10  line 6-6 in Figure 5;
[0013] FIGURE 7 is a sectional view in elevation of another rotary cutting tool of
the invention;
[0014] FIGURE 8 is a cross-sectional view of the rotary cutting tool taken along the
line 8-8 m Figure 7;
15 [0015] FIGURE 9 is a sectional view in elevation of another rotary cutting tool of
the invention; |
[0016] FIGURE 10 is a cross-sectional view of the rotary cutting tool taken along
the line 10-10 in Figure 9;
[0017] FIGURE 11 is a sectional view in elevation of another rotary cutting tool of
20  the invention;
[0018] FIGURE 12 is a cross-sectional view of the rotary cutting tool taken along
the line 12-12 1n Figure 11,
[0019] FIGURE 13 is a sectional view in elevation of another rotary cutting tool of
the invention; |
25  [0020] FIGURE 14 is a cross-sectional view of the rotary cutting tool taken along
the line 14-14 in Figure 13;
[0021] FIGURE 15 is a sectional view in elevation of another rotary cutting tool of
the invention; and
[0022] FIGURE 16 is a cross-sectional view of the rotary cutting tool taken along
30 the line 16-16 in Figure 15; and
[0023] FIGURE 17 is a sectional view of the taken along the line 17-17 in
Figure 16.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
[0024] With reference now to Figures 1-6, wherein like numerals designate like
components throughout all of the several Figures, there is illustrated a rotary drill or tool
10 having a leading end, generally indicated at 12, and the trailing end, generally
indicated at 14. The tool 10 is comprised of a body or shank 16 and an insert or head
18. The shank 16 has a receiver or receiving portion 20 at its leading end and a shank
22 at its trailing end. The head 18 has a cutting tip 24 at its leading end and a
connector or mounting portion 26 at its trailing end. The mounting portion 26
cooperates with the receiving portion 20 to couple the head 18 to the shank 16.
[0025] The receiving portion 20 is comprised of a guide or shank guide portion
28, a locator or shank locating pbrtion 30 at the leading end of the shank guide portion
28, and diametrically disposed torque or drive keys 32 (also referred to as shank drive
keys) at the leading end of the shank locating portion 30. The mounting portion 26 1s
comprised of diametrically disposed torque or drive keys 34 (also referred to as head
drive keys), a locator or head locating portion 36 at the trailing end of the head drive
keys 34, and a guide or head guide portion 38 at the trailing end of the head locating
portion 36.
[0026] The mounting portion 26 is adapted to be axially inserted mto the
receiving portion 20 until the head guide portion 38 engages the shank guide portion
28. Upon twisting the head 18, the locating portions 30 and 36 engage one another to
provide an interference fit. The drive keys 32 and 34 radially engage one another to
function as cooperating radial stop surfaces and drive surfaces during the operation of
the tool 10.
[0027] The shank guide portion 28 is preferably defined in part by an inner
cylindrical surface, such as the inner guide surface 40 shown. The inner guide surface
40 is preferably a generally straight cylindrical surface having a shank guide diameter
D; (shown in Figure 4). The shank guide portion 28 may also be provided with a
generally spherical radial inner radial surface 42 adjacent its trailing end, as shown in
Figures 1-6, or a conical inner radial surface 44, as shown in Figure 6. In a preferred
embodiment of the invention, the diameter of a conical inner radial surface 44
increases toward the leading end of the shank guide portion 28. The trailing end of
the shank guide portion 28 may be defined by a first radially extending surface, which
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may also be referred to a radially extending shank guide surface. The first radially
extending surface may be an arcuate or spherical surface 46, which may coexist with
the spherical inner radial surface 42, or a generally flat surface 48, as shown in
Figures 7, 9, 11, 13, and 15, which extends generally perpendicular to the axis A; of
the shank 16. The spherical and conical inner radial surfaces 42 and 44 may function
as axial stop surfaces, as shown in Figures 5 and 7. This holds true even if the
radially extending surface is perpendicular to the shank axis A, as ishown in Figures
9,11, 13, and 15.

[0028] The shank locating portion 30 is preferably defined by a cylindrical bore.
The cylindrical bore may be a generally straight cylindrical bore defined by generally
straight cylindrical inner locating surfaces 50, as shown in Figures 7, 9, 11, 13, and
15, or a tapered bore defined by tapered inner locating surfaces 52, as shown in Figure
5. The distance between the generally straight cylindrical inner locating surfaces 50,
or the smallest distance between the tapered inner locating surfaces 52, is measured
by a shank locator or locating diameter D, (shown in Figure 4).

[0029] The surfaces defining the shank guide and locating portions 28 and 30 may
be joined by a transitional surface 54. In a preferred embodiment of the invention, the
transitional surface 54 is inclined obliquely relative to the central axis A; of the shank
16 and faces generally longitudinally toward the leading end of the receiving portion
20. The transitional surface 54 accommodates for the difference between the shank
guide and locating diameters D; and D (shown in Figure 4).

[0030] The locating portion 30 terminates at a second radially extending surface
located at the leading end of the locating portion 30. The second radially extending
surface may be defined by a pair of radially extending surfaces 56, which extend
perpendicularly to the central axis A; of the shank 16, as shown in Figures 5, 7, 9, 13,
and 15, or radially extending surfaces 58, which are inclined obliquely relative to the
central axis A; and face generally longitudinally toward the leading end of the shank
16, as shown in Figure 11. The second radially extending surface may function as an
axial stop surface in the place of the first radially extending surface described above.
[0031] The shank drive keys 32 are located at the leading end of the shank
locating portion 30. In a preferred embodiment of the invention, the shank drive keys

32 have an axial profile dimension D3 (shown in Figure 5) and a radial profile
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dimension D4 (shown in Figure 4). The radial profile dimension Dy is preferably
smaller than the axial profile dimension Dj to enable the shank drive keys 32 to be
closely aligned with the central axis A; of the shank 16. The shank drive keys 32 are
defined by an inner shank drive key surface 60, an outer shank drive key surface 62, a
pair of circumferentially spaced, axially extending shank drive key surfaces 66 and
64, and a radially extending shank drive key surface, which may also be referred to as
a third radially extending surface 68. The third radially extending surface 68 extends
in a first direction between the inner and outer shank drive key surfaces 60 and 62 and
in a second direction between the circumferentially spaced, axially extending shank
drive key surfaces 66 and 64, all shown in Figure 1. The inner shank drive key
surface 60 may be coexistent with the inner shank locating surface. Similarly, the
outer shank drive key surface 62 may be coexistent with an outer curved surface 70 of
the shank 16. One of the circumferentially spaced, axially extending shank drive key
surfaces 66 may define a flute, or a flute portion, through which particles of a
workpiece may be discharged when the tool 10 is in use. The other circumferentially

spaced, axially extending shank drive key surface 64 functions as a shank drive key

radial stop surface, which is preferably disposed at an angle o (shown in Figure 5)

relative to a plane extending through the axis A; of the shank 16 and facing generally
longitudinally toward the trailing end of the shank 16. In a preferred embodiment of
the invention, the angle a is 15 degrees. The shank drive key radial stop surfaces 64
may be perpendicular relative to the inner and outer shank drive key surfaces 60 and
62, as shown in Figures 5, 9, 11, 13, and 15. Alternatively, shank drive key radial
stop surfaces 72 may be provided which are inclined relative to the inner and outer
shank drive key surfaces 60 and 62, as shown in Figure 7. The third radially
extending surface 68 may be perpendicular relative to the central axis A; of the shank
16, as shown in Figures 5, 7, 11, and 13. Alternatively, a third radially extending
surface 74 may be provided which is inclined relative to the central axis A;, as shown
in Figures 9 and 15. Inclined axially or radially extending surfaces may reduce the
risk that the shank drive keys 32 will spread apart. It should be appreciated that the
third radially extending surface 68 may function as an axial stop surface n the place

of the first and second radially extending surfaces described above.
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[0032] The head guide portion 38 is preferably defined in part by an outer
cylindrical surface, such as the outer guide surface 78 shown. The outer guide surface
78 1s preferably a straight cylindrical surface having a head guide diameter Ds (shown
in Figures 4 and 6). The head guide portion 38 may also include a generally spherical
outer radial surface 82, as shown in Figure 5, adjacent its trailing end, or a conical
outer radial surface 84, as shown in Figure 7. In a preferred embodiment of the
invention, the diameter of the conical surface 84 increases toward the leading end of
the head guide portion 38. The trailing end of the head guide portion 38 may be
defined by a first radially extending surface, which may also be referred to as a
radially extending head guide surface. The first radially extending surface may be an
arcuate or spherical radial surface, which may coexist with the spherical outer radial
surface 82, or a generally flat surface 76, as shown in Figures 7, 9, 11, 13, and 15,
which extends generally perpendicularly to the axis A, of the head 18. The head
guide portion 38 is adapted to engage the shank guide portion 28 and functions to
stabilize the shank 16 and head 18 in radial direction when coupling the head 18 to the
shank 16.

[0033] The head locating portion 36 is defined by an outer surface. The outer
surtace may be a generally straight cylindrical surface outer locating surface 86, as
shown in Figures 7, 9, 11, 13, and 15. Alternatively, the outer surface may be a
tapered outer locating surface 88, as shown in Figure 5. The largest diameter of the
outer surface is defined by the head locator or locating diameter Dg (shown in Figures
4 and 6) and is slightly larger than the shank locating diameter D, (shown in Fi gure
4). Consequently, the head locating portion 36 must be forced into the shank locating
portion 30, causing the shank locating portion 30 to deflect outward, resulting in an
interference fit between the two locating portions 30 and 36. It should be appreciated
that a tapered outer locating surface 88 having a larger diameter at its leading end
Insures contact substantially with the entire shank locating portion 30, even when the

shank locating portion 30 deflects outward. The increase in diameter Dy is preferably
measured by an angle of inclination B (shown in Figure 5) in the tapered outer
locating surface 88 of less than one degree relative to a plane P; extending generally

parallel to the central axis A;.
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[0034] T'he head locating portion 36 preferably has an axially extending angular
lead surface 90 which provides clearance for an approaching portion of the head
location portion 36 upon rotating the head 18 to couple the head 18 to the shank 16.

The angle of the axially extendiﬁg or angular lead surface 90 may vary. The angle is
>  preferably in a range between 2 degrees and 20 degrees. For example, the angle 0, of

the lead surface 90 shown in Figure 14 is 15 degrees relative to a line tan gent to the
outer locating surface at the intersection of the outer locating surface and the lead
surface 90. The angle 0, of the lead surface 90 shown in Figure 6, 8, 10, 12, and 16 is
20 degrees.

10 [0035] In the preferred embodiment of the invention, the head locating portion 36
has a larger diameter Dg (shown in Figures 4 and 6) that is more than half the cutting
diameter D of the tool 10 (shown in Figures 4 and 5). This is to establish a
relationship between the locating diameter and the depth of the flute to insure proper |
assembly of the shank 16 and head 18. Moreover, the length of the head locating

I5  portion 36 is slightly less or more than the head locating diameter Dy (shown in
Figures 4 and 6). For example, a range for the length of the head locating portion 36
may be 3/4 to 2 times the head locating diameter Dg. The length of the head locating
portion 36 would be determined by the size of the tool 10. Larger tools would be in
the 3/4 to 1 1/4 range while smaller diameters could be up to 2 times the diameter.

20 [0036]  Similar to the receiving portion 20 set forth above, the mounting portion
26 may be provided with a transitional surface 92. In a preferred embodiment of the
invention, the transitional surface 92 is inclined obliquely relative to the central axis
Az of the head 18 and faces generally longitudinally toward the trailing end of the
mounting portion 26. The transitional surface 92 accommodates for the difference

25  between the head guide and locating diameters Ds and D (shown in Figures 4 and 0).

| [0037]  The head locating portion 36 terminates at a second radially extending
surface located at the leading end of the head locating portion 36. The second radially
extending surface may be defined by a pair of radially extending surfaces 94, which
extend perpendicularly to the central axis A; of the head 18, as shown in Figures 5, 7,

30 9,13, and 15, or radially extending surfaces 96, which are inclined obliquely relative
to the central axis A; and face generally longitudinally toward the trailing end of the

head 18, as shown in Figure 11.
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[0038]  The head drive keys 34 are located at the leading end of the head locating
portion 36. In a preferred embodiment of the invention, the head drive keys 34 have
an axial profile dimension Dg and a radial profile dimension Dy (shown in Fi gure 4).
The radial profile dimension Dy is preferably less than the head locating diameter Dy
(shown in Figures 4 and 6). Longer head drive keys 34 may result in a weaker
connection between the shank 16 and the head 18. Moreover, the radial profile
dimension Dy is preferably smaller than the axial profile dimension Dg to enable the
head drive keys 34 to be closely aligned with central axis A, of the head 18. The head
drive keys 34 are defined by an outer head drive key surface 100, circumferentially
spaced, axially extending head drive key surfaces 102 and 104, and a radially
extending head drive key surface, which may be referred to as a third radially
extending surface 106 (all shown in Figure 1). One of the axially extending head
drive key surfaces 102 may define a portion of a flute. The other axially extending

head drive key surface 104 functions as a head drive key radial stop surface, which is
preferably disposed at an angle o relative to a plane P; extending through a central

axis A, of the head 18 and facing generally longitudinally toward the leading end of

the head 18, as shown in Figure 5. In a preferred embodiment of the invention, the
angle o 1s 15 degrees. The head drive key radial stop surfaces 104 may be

perpendicular relative to the outer surface 100, as shown in Figures 5, 9, 11, 13, and
15. Alternatively, head drive key radial stop surfaces 108 may be providéd which are
inclined relative to the outer surface 100, as shown in Figure 7. The head drive key
radial stop surfaces 102 and 108 are adapted to fit in angular alignment with the shank
drive key radial stop surfaces 64 and 72. The third radial surface 106 may be
perpendicular relative to the central axis A,. Alternatively, a third radially extending
surface 106 may be provided which is inclined relative to the central axis A,, as
shown in Figures 9, 15, and 17.

[0039] In operation, the mounting portion 26 is adapted to be inserted axially into
the receiving portion 20. Subsequently, the head 18 is twisted into a final radial
location determined by the engagement of the shank drive keys 32 and 34.

[0040] It should be noted that the locating diameters D, and D¢ (shown 1n Figure
4) must be larger than the guide diameters D; and Ds (also shown in Figure 4).

Moreover, the guide diameters D; and Ds should be sufficiently small enough to
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require the head guide portion 38 to be inserted axially into the shank guide portion
28. In this way, the guide portions 38 and 28 cooperatively act as a guide during
rotation of the head 18. The drill flutes should be dimensioned so that the head guide
portion 38 does not escape in the radial direction from the shank guide portion 28. By
providing locating diameters D, and D that are larger than guide diameters D; and
Ds, the drill flutes may be dimensioned large enough to allow the mounting portion 26
to be inserted into the receiving portion 20 within the flutes. The head 18 may then be
rotated 90 degrees with an assembly tool (not shown) that serves as a radial guide for
the leading end of the shank 16 and the head 18.

[0041] The angular alignment of the drive key radial stop surfaces 64 and 72
provides retention of the head 18 during removal of the tool 10 from a work piece (not
shown). Rotary cutting tools tend to drag during retraction. This drag creates a
torsional moment on the head 18 as well as a force to separate the head 18 from the
shank 16. The torsional moment, combined with the angular alignment of the drive
keys 32 and 34, make it difficult for the head 18 to separate from the shank 16.

[0042] It should be appreciated that the shank 16 may include a mounting portion,
such as that shown and described above, and the head 18 may include a receiving
portion.

[0043] While this invention has been described with respect to several preferred
embodiments, various modifications and additions will become apparent to persons of
ordinary skill in the art. All such variations, modifications, and variations are intended

to be encompassed within the scope of this patent, which is limited only by the claims
appended hereto.
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CLAIMS

What 1s claimed is:

1. A rotary cutting tool comprising:
a shank having a receiver comprising:
a shank guide at a trailing end of the receiver;
opposing shank drive keys at a leading end of the receiver; and
5 a shank locator axially between the shank guide and the shank drive keys, the
shank drive keys each comprising an axially extending shank drive key radial stop
surface that is disposed at an angle relative to a plane extending through a central axes
of the receiver; and
a head having a connector comprisiﬁg:
10 a head guide at a trailing end of the connector;
opposing head drive keys at a leading end of the connector; and
a head locator portion axially between the head guide and the head drive keys,
the head drive keys each comprising an axially extending head drive key radial stop
surface that is disposed at an angle relative to a plane extending through a central axes
15  of'the connector, wherein each shank drive key radial stop surface is adapted to

angularly align with a corresponding head drive key radial stop.

2. The tool of claim 1, wherein the guides have trailing ends defined by

spherical surfaces.

3. The tool of claim 1, wherein the guides have leading ends and trailing
ends, the trailing ends of the guides being defined by conical surfaces that increase in

diameter toward the leading ends of the guides.

4. The tool of claim 1, further including a transitional surface between the

guides and the locators.

5. The tool of claim 4, wherein the transitional surfaces are inclined

relative to the central axes of the receiver and connector.
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6. The tool of claim 1, wherein the locators are defined by tapered

surfaces.

7. The tool of claim 1, wherein the shank locator is defined by a straight
cylindrical bore and head locator is defined by a straight cylinder.

8. The tool of claim 1, wherein the shank locator is defined by a straight
cylindrical bore and head locator is defined by a tapered surface that is inclined
relative to the central axis of the connector an angle of inclination so a leading end of

the head locator 1s larger than a trailing end of the head locator.

9. The tool of claim 8, wherein the angle of inclination is less than one

degree.

10.  The tool of claim 1, wherein the head locator portion further includes

an axially extending lead surface.

11.  Thetool of claim 10, wherein the axially extending lead surface is
disposed at an angle ranging between 2 degrees and 20 degrees relative to a line

tangent to the locating diameter.

12. The tool of claim 1, wherein the shank and head locators are
respectively defined shank and head locating diameters and the shank and head drive
keys each have a length that is less than the shank and head locating diameters,

respectively.
13.  The tool of claim 12, wherein the locating diameters are more than
one-half the shank diameter.

14.  The tool of claim 1, wherein the shank and head drive keys each has a

radial profile and an axial profile that is longer than the radial profile.

15.  The tool of claim 1, wherein the angle of each drive key radial stop

surfaces 1s 15 degrees.
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16.  The tool of claim 1, wherein each drive key radial stop surface is
radially inclined.
17.  The tool of claim 1, wherein each drive key further includes an

10

15

20

inclined radially extending surface.

18. The tool of claim 1, wherein the receiver and connector are
cooperatively structured and dimensioned so that the connector 1s adapted to be
inserted axially into the receiver and then twisted into a final radial location

determined by the position of the drive keys.

19. A rotary cutting tool comprising:

a shank having a central axis, a leading end, a trailing end, an outer surface
defining a shank diameter, and a receiving portion at the leading end, the receiving
portion comprising:

a shank guide portion having a leading end and a trailing end, the shank guide
portion being defined by a pair of inner shank guide surfaces radially spaced apart by
a shank guide diameter, the shank guide further being defined by a radially extending
shank guide surface at the trailing end of the shank guide portion;

a shank locating portion having a leading end and a trailing end, the shank
locating portion being defined by a pair of radially spaced mner locating surfaces
originating adjacent the leading end of the shank guide portion and extending away
from the shank guide portion toward the leading end of the shank, the mnner locating
surfaces being spaced apart by a locating diameter that is larger than the shank guide
diameter, the inner locating surfaces terminating at a radially extending shank locating
surface at the leading end of the shank locating portion, the radial shank locating
surface extending radially outward from the leading end of each of the inner locating
surfaces; and

a shank drive key extending axially from the leading end of each of the inner
locating surfaces, each shank drive key comprising an inner shank drive key surface,
an outer shank drive key surface, opposing axially extending shank drive key
surfaces, and a radially extending shank drive key surface, the inner and outer shank

drive key surfaces extending between the opposing axially extending shank drive key
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surfaces, the radially extending shank drive key surfaces extending in a first direction
between the inner and outer shank drive key surfaces and in a second direction
between the opposing axially extending shank drive key surfaces; and

a head having a central axis, a leading end, a trailing end and a mounting
portion at the leading end of the head, the mounting portion comprising:

a head guide portion having a leading end and a trailing end, the head guide
portion being defined by a pair of head guide surface-radially spaced apart by a head
guide diameter, the head guide further beiﬁg defined by a radially extending head
guide surface at the trailing end of the head guide portion;

a head locating portion having a leading end and a trailing end, the head
locating portion be defined by a pair of radially spaced outer locating surfaces
originating adjacent the leading end of the head guide portion and extending away
from the head guide portion toward the leading end of the head, the outer locating
surfaces being spaced apart by a head locating diameter that is larger than the head
guide diameter and larger than the shank locating diameter, the outer locating surfaces
terminating at a radially extending head locating surface the leading end of the head
locating portion, the radially extending locating surface extending radially outward
from the leading end of each of the outer locating surfaces; and

a head drive key extending axially from the trailing end of each of the outer
locating surfaces, each head drive key comprising an outer head drive key surface,
opposing axially extending head drive key surfaces, and a radially extending head
drive key surface, the radially extending head drive key surface extending between
the opposing axially extending head drive key surfaces, wherein

one of the radially extending surfaces of the receiving portion is an axiai stop
surface, one of the radially extending surfaces of the mounting portion is an axial stop
surface that cooperates with the axial stop surface of the receiving portion, one of the
axially extending surfaces of each shank drive key is a radial stop surface, and one of
the axially extending surfaces of each head drive key is a radial stop surface that
cooperates with an axial stop surface of a corresponding one of the shank drive keys,
each shank drive key radial stop surface being adapted to angularly align with a

corresponding head drive key radial stop, each drive key radial stop surface being
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disposed at an angle relative to a plane extending through the central axis of the shank
and head.

20.  The tool of claim 19, wherein the inner shank guide surface and the

outer head guide surface are cylindrical.

21.  The tool of claim 20, wherein the radially extending shank guide

surface and the radially extending head guide surface are spherical.

22.  The tool of claim 21, wherein the radially extending shank guide
surface and the radially extending head guide surface are conical and increase in

diameter toward the leading end of the shank and head, respectively.

23.  The tool of claim 19, further including a shank transitional surface
between the shank guide portion and the shank locating portion and a head

transitional surface between the head guide portion and the head locating portion.

24. The tool of claim 23, wherein the shank transitional surface is inclined

relative to the central axis of the shank and the head transitional surface is inclined

relative to the central axis of the head.

25 The tool of claim 19, wherein each one of the outer locating surfaces 1s

defined by a straight cylindrical bore.

26.  The tool of claim 19, wherein the radially extending shank locating
surfaces and the radially extending head locating surfaces are inclined relative to the

central axis of the shank and head, respectively.

217. The tool of claim 19, wherein the shank and head drive keys each has a
length that is less than the shank and head locating diameter, respectively.

78.  The tool of claim 19, wherein the shank and head drive keys all have a

radial profile and an axial profile that is longer than the radial profile.

29.  The tool of claim 19, wherein the angle 1s 15 degrees.
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30.  The tool of claim 19, wherein each drive key radial stop surface is

perpendicular relative to the inner and outer drive key surfaces.

31.  The tool of claim 19, wherein each drive key radial stop surface 1s

inclined relative to the inner and outer drive key surfaces of corresponding drive keys.

32.  The tool of claim 19, wherein the radially extending shank drive key
surfaces and the radially extending head drive key surfaces are inclined relative to the

central axes of the shank and head, respectively.

33.  The tool of claim 19, wherein the outer head locating surfaces are
inclined relative to the central axis of the head at an angle of inclination so the leading

end of the head locating portion is larger than the trailing end of the head locating

portion.

34.  The tool of claim 33, wherein the angle of inclination 1s less than one

degree.

35.  The tool of claim 19, wherein the head location portion further
includes an angular lead surface extending axially adjacent to each of the outer

locating surfaces.

36.  The tool of claim 35, wherein each angular lead surface 1s disposed at
an angle ranging between 2 degrees and 20 degrees relative to a line tangent to the

locating diameter.

37.  The tool of claim 19, wherein the locating diameters are more than
one-half the shank diameter.
38.  The tool of claim 19, wherein the receiving and mounting portions are

cooperatively structured and dimensioned so that the mounting portion 1s adapted to

be inserted axially into the receiving portion and then twisted into a final radial

location determined by the position of the drive keys.
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