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FIG. 1

(57) Abrégée/Abstract:
A double-sided ball end mill (10) Iincludes a body (12) having a generally hemispherical forward end portion (14) and a rearward
end portion (16). The forward end portion (14) includes Insert-receiving pockets (20 a, b) and chip pockets (22 a, b). A cutting
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(57) Abrege(suite)/Abstract(continued):
Insert (40) can be mounted within each Insert-recelving pocket (20 a, b). The cutting insert (40) includes a first substantially planar

surface (42), a second substantially planar surface (44), a first curvilinear side surface (46), a second curvilinear side surface (48), a
first pair of cutting edges (54, 56) formed at an intersection between the first substantially planar surface (42) and the first and
second curvilinear side surfaces (46, 48), and a second pair of cutting edges (58, 60) formed at an Intersection between the
second substantially planar surface (44) and the first and second curvilinear side surfaces (46, 48). The first and second planar
surfaces (42, 44) are substantially parallel to each other, and the cutting insert (40) i1s mirror symmetric about all three axes.



w0 2010/059705 A3 |10} HAH | 0ADE D A0 AR AR R

CA 02736155 2011-03-04

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

(19) World Intellectual Property Organization l{,f:”_ﬂ""’%\
International Bureau wjf J

(43) International Publication Date
27 May 2010 (27.05.2010)

(10) International Publication Number

WO 2010/059705 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
B23C 5/22 (2006.01) B23C 5/10(2006.01)
B23C 5/20(2006.01) B23B 27/16 (2006.01)

International Application Number:
PCT/US2009/064962

International Filing Date:
18 November 2009 (18.11.2009)

Filing Language: English
Publication Language: English
Priority Data:

12/273,774 19 November 2008 (19.11.2008) Uus

Applicant (for all designated States except US). KEN-
NAMETAL INC. [US/US]; 1600 Technology Way, P.O.
Box 231, Latrobe, PA 15650-0231 (US).

Inventors; and

Inventors/Applicants (for US only): MORRISON,
Michael G. [US/US]; 154 Hockey Road, Tarrs, Pennsyl-
vania 15688 (US). BONTHA, Srikanth [IN/US]; 1145
Fox Hill Drive, Apt 108, Monroeville, Pennsylvania
15146 (US).

(74)

(81)

(84)

Agents: GORDON, Matthew W. et al.; 1600 Technolo-
gy Way, P.O. Box 231, Latrobe, Pennsylvania
15650-0231 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: DOUBLE-SIDED BALL END MILL CUTTING INSERT AND TOOL THEREFOR

(57) Abstract: A double-sided ball end mill (10) includes
a body (12) having a generally hemispherical forward end
portion (14) and a rearward end portion (16). The forward
end portion (14) mmcludes msert-receiving pockets (20 a, b)
and chip pockets (22 a, b). A cutting insert (40) can be
mounted within each msert-receiving pocket (20 a, b). The
cutting insert (40) includes a first substantially planar sur-
face (42), a second substantially planar surface (44), a first
curvilinear side surface (46), a second curvilinear side sur-
face (48), a first pair of cutting edges (54, 56) formed at an
intersection between the first substantially planar surface
(42) and the first and second curvilinear side surtaces (46,
48), and a second pair of cutting edges (58, 60) formed at
an Intersection between the second substantially planar
surface (44) and the first and second curvilinear side sur-
faces (46, 48). The first and second planar surfaces (42,
44) are substantially parallel to each other, and the cutting
insert (40) 1s mirror symmetric about all three axes.
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DOUBLE-SIDED BALL END MILL CUTTING INSERT
AND
TOOL THEREFOR

BACKGROUND OF THE INVENTION
[0001] The invention relates in general to a cutting 1nsert for a ball end mill, and 1n
particular, to a double-sided cutting 1nsert for a ball end mill having four cutting edges
that can cut in any direction without the requirement ot error proofing when the
Cutting insert 1s mounted on the ball end mull.
[0002] Ball nose end mills are used in many metal working applications including
mold making where the inherent strength and milling advantages of a fully radiused
cutting edge for the copy milling of a mold cavity 1s best demonstrated. Its ball shape
allows the end mill to attack the mold cavity from any angle or direction. The cutting
edge when generated through the end of the ball mill becomes helical with rotation.
This promotes shearing of the metal to be cut i‘n an efficient manner.
[0003] A conventional ball nose end mill includes a generally cylindrical end mill
body having a generally hemispherical forward end portion. Two insert-receiving
seats or recesses are formed in the forward end portion, diametrically opposite to each
other. Two indexable cutting inserts are mounted 1n the two seats and secured thereto
by means of clamp screws.
10004] Ball nose end mills have proven to be highly versatile machine tools that are
capable of performing plunge-type cutting much like a drill, or face-type milling like
a conventional milling head, or even ramp-type machine operations that combine the
motions of both plunge and face-type cutting. However, the cutting inserts used in
conventional ball end mills have at most two cutting edges on one side of the cutting
insert with the other side used strictly as a seating surface. As a result, one-half of the
cutting insert 1s not being used, which increases the overall operating cost of such a

conventional end mill.
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BRIEF SUMMARY OF THE INVENTION
|0005] Briefly, according to another aspect of the invention, there 1s provided a
cutting insert that i1s capable of being mounted within an insert-receiving pocket of a
ball end mill. The cutting insert includes a first substantially planar surface, a second
substantially planar surface, a first curvilinear side surface, a second curvilinear side
surface, a first pair of cutting edges formed at an intersection between the first
substantially planar surface and the first and second curvilinear side surfaces, and a
second pair of cutting edges formed at an intersection between the second
substantially planar surface and the first and second curvilinear side surfaces. The
first substantially planar surface is substantially parallel to the second substantially
planar surface.
[0006] According to another aspect of the invention, there 1s provided a cutting
insert that 1s capable of being mounted within the insert-receiving pocket. The cutting
insert includes a first substantially planar surface, a second substantially planar
surface, a first curvilinear side surface, a second curvilinear side surface, a corner
radius between the first and second curvilinear side surfaces. The cutting insert 1s
mirror symmetric about all three central x-, y- and z-axis to form a first pair of cutting
edges at an intersection between the first substantially planar surface and the first and
second curvilinear side surfaces, and a second pair of cutting edges at an intersection
between the second substantially planar surface and the first and second curvilinear
side surfaces.
[0007] According to yet another aspect of the invention, there 1s provided a ball end
mill comprising a body having a generally hemispherical forward end portion and a
rearward end portion. The generally hemispherical forward end portion includes an
isert-receiving pocket and a chip pocket. The insert-receiving pocket includes a
bottom support surface, an axial support surface, a radial support surface, and a free
surface between the axial support surface and the radial support surface. A cutting
insert 1s capable of being mounted within the insert-receiving pocket. The cutting
insert includes a first substantially planar surface, a second substantially planar

surface, a first curvilinear side surface, a second curvilinear side surface, a corner
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radius between the first and second curvilinear side surfaces, a first pair of cutting,
edges formed at an intersection between the first substantially planar surface and the
first and second curvilinear side surfaces, and a second pair of cutting edges formed at
an itersection between the second substantially planar surface and the first and

second curvilinear side surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:
[0009] FIGURE 1 is an exploded perspective view of a ball end mill and cutting
Inserts according to an embodiment of the invention;
|00010] FIGURE 2 1s a perspective view of the ball nose end mill of FIG. 1;
[00011] FIGURE 3 1s a front view of a body of the ball nose end mill of FIG. 1;
100012] FIGURE 4 1s a side view of the body of the ball nose end mill of FIG. 1;
[00013] FIGURE 35 1s a perspective view of a cutting insert with four cutting edges
according to an embodiment of the invention;
[00014] FIGURE 6 1s a plan view of the cutting insert of FIG. 5 showing the first
substantially planar surface;
[00015] FIGURE 7 1s a side view of the cutting insert of FIG. 5; and
[00016] FIGURE 8 is another plan view of the cutting insert of FIG. 5 showing the

second substantially planar surface.

DETAILED DESCRIPTION OF THE INVENTION
[00017] Referring now to FIGS. 1-4, a ball end mill is shown generally at 10
according to an embodiment of the invention. The ball end mﬂl 10 includes a
generally cylindrical body 12 having a generally hemispherical forward end portion
14 and a rearward end portion 16 that 1s adapted to be fixedly secured to a machine
spindle (not shown) so that the body 12 can be rotated about an axis 18 therethrough.
]00018] The generally hemispherical forward end portion 14 may be intersectioned

by two recesses, each one comprising an insert-receiving pocket 20a, 20b and a chip
3
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pocket 22a, 22b. In the illustrated embodiment, the insert-receiving pockets 20a, 20b
and the chip pockets 22a, 22b are substantially identical 1in construction. Thus, only
the msert-receiving pocket 20a and the chip pocket 22a will be described herein. The
insert-receiving pocket 20a includes a bottom support surface 24, an axial side
support surface 26 and a radial side support surface 28. A corner reliet 30 1s formed
between the bottom support surface 24 and the axial and radial support surfaces 26,
28. A free surface 32 1s provided between the axial and radial support surfaces 26,
28.

[00019] It will be appreciated that the invention is not limited by the number of
insert-receiving pockets 20a, and that the invention can be practiced with any
desirable number of insert-receiving pockets 20a. For example, the invention can be
practiced with a ball end mill having only one 1nsert-receiving pocket 20a, or a ball
end mill having more than two insert-receiving pockets 20a.

[00020] In the 1llustrated embodiment, one or both of the side support surfaces 26,
28 includes a contact area 27, 29, respectively, that contacts a cutting insert 40 when
the cutting insert 40 1s mounted within the insert-receiving pocket 20a to provide
three-point contact (the two contact areas 27, 29 and the bottom support surface 24)
between the cutting insert 40 and the insert-receiving pocket 20a. In addition, a pair
of contact areas 43, 45 may be located on each side surface 46, 48, respectively of the
cutting insert 40 (a total of four contact arcas) that correspond 1n shape to the contact
arcas 27, 29 formed on the axial and radial support surface 26, 28 of the insert-
receiving pocket 20a. In one embodiment, the contact areas 27, 29 comprise pads or
lands, while the contact areas 43, 45 comprise recesses or protrusions having a
corresponding shape, such as a rectangle, and the like. Oné purpose of the contact
areas 27, 29 and 43, 435 is to provide seat surfaces between the axial and radial support
surface 26, 28 and the cutting msert 40 when the cutting inserts 40 1s mounted in the
insert-receiving pocket 20a. Another purpose of the contact areas 27, 29 and 43, 45 1s
to provide an anti-rotation feature that prevents unwanted movement of the cutting
insert 40 when mounted in the insert-receiving pocket 20a.

[00021] In an alternate embodiment, a contact area (not shown) may be a protrusion
extending from the bottom support surface 24 of the insert-receiving pocket 20a, and

a contact area (not shown) having a corresponding shape formed on the substantially
4
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planar surfaces 42, 44 of the cutting insert 40. For example, the contact arcas may be
polygonal 1n cross-sectional shape, such as a triangle, square, rectangle, diamond, and
the like. These contact areas on the bottom support surface 24 of the insert-receiving
pocket 20a. Congruent recesses (not shown) may be located on the substantially
planar surfaces 42, 44 of the cutting insert 40. These alternate contact areas may
replace, or be 1n addition to, the contact areas 27, 29 and 43, 45 discussed above.
100022] A threaded hole 34 1s provided in the center area of bottom support surface
24 for accommodating a threaded screw 36, which provides a means for clamping a
cutting insert, shown generally at 40, into the insert-receiving pocket 20a, 20b. The
threaded hole 34 may‘ be through holes or blind holes. In FIG. 1, the threaded hole 34
1s shown as a through hole. One or more coolant passages 38 may be formed in the
end mill body 12 to provide a flow of coolant to the area proximate the cutting insert
40.

[00023] Referring now to FIGS. 3-8, the cutting msert 40 includes a first
substantially planar surface 42, a second, opposite substantially planar surface 44. As
shown 1n FIG. 8, the plane of the first surface 42 1s substantially parallel to the plane
formed by the second surface 44. The cutting insert 40 includes a first curvilinear
side surface 46 and a second curvilinear side surface 48, and a corner radius 50, 52
between the first and second curvilinear side surfaces 46, 48. As shown 1n FIGS. 6
and 7, the first and second side surfaces 46, 48 are substantially elliptical in shape. As
shown in FIG. 8, the plane formed by the corner radius 50 1s substantially parallel to
the plane formed by the corner radius 52. The first and second side surfaces 46, 48
are formed at an angle of approximately ninety (90) degrees with respect to the first
and second surtaces 42, 44.

[00024] A first pair of cutting edges 54, 56 is formed at the intersection between the
first surface 42 and the first and second side surfaces 46, 48, and a second pair of
cutting edges 58, 60 1s formed at the intersection between the second surface 44 and
the first and second side surfaces 46, 48. A countersunk bore 62 extends from the
first surface 42 to the second surface 44 that enables the cutting insert 40 to be
mounted in the insert-receiving pocket 20a such that all four cutting edges 54, 56, 58

and 60 can be used during machining operations.
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[00025] As can be seen in FIGS. 5-8, the cutting insert 40 1s mirror symmetric about
all three central axes; the x-, y- and z-axis. Specifically, the x- and y-axes are
substantially parallel to the first and second surfaces 42, 44, which the z-axis 1s
substantially perpendicular to the first and second surface 42, 44. Because of this
symmetry, the cutting msert 40 can be mounted in the msert-receiving pocket 20a
such that the first surface 42 becomes the top surface and the second surface 44
becomes the bottom surface and engages the bottom support surface 24 and the first
and second side surfaces 46, 48 engage the contact areas 27, 29 of the insert-receiving
pocket 20a. When the cutting insert 40 1s mounted in this manner, the cutting edges
54, 56 can be used 1n machining operations by rotating the cutting msert 40 about the
z-axis 180°. In addition, the cutting insert 40 can be mounted in the insert-receiving ‘
pocket 20a such that the second surface 44 becomes the top surface and the first
surface 42 becomes the bottom surface and engages the bottom support surface 24
and the first and second side surfaces 46, 48 engage the contact areas 27, 29 of the
insert-receiving pocket 20a. When the cutting insert 40 1s mounted 1n this manner, the
cutting edges 58, 60 can be used in machining operations by rotating the cutting insert
40 about the z-axis 180°. Thus, the cutting insert 40 of the invention provides four (4)
cutting edges that can be used in machining operations, as compared to only two or
less cutting edges that are provided 1n conventional cutting inserts for ball end malls.
100026] As described above, the ball end mill with two identical cutting inserts,
wherein each cutting insert has four cuﬁing edges that can cut 1n any direction without
the requirement of error proofing when the cutting insert 1s mounted on the ball end

mill.

[00027] The documents, patents and patent applications referred to herein are

hereby incorporated by reference.

[00028] While the invention has been specifically described in connection with
certain specific embodiments thereof, it is to be understood that this is by way of
1llustration and not of limitation, and the scope of the appended claims should be

construed as broadly as the prior art will permat.
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CLAIMS

What 1s claimed 1s:

1. A cutting insert capable of being mounted within an insert-receiving
pocket of a ball end mill, the cutting isert including a first substantially planar
surface, a second substantially planar surface, a first curvilinear side surface, a second
curvilinear side surface, a first pair of cutting edges formed at an intersection between
the first substantially planar surface and the first and second curvilinear side surfaces,
and a second pair of cutting edges formed at an intersection between the second
substantially planar surface and the first and second curvilinear side surfaces, wherein

the first substantially planar surface is substantially parallel to the second substantially

planar surface.

2. A cutting insert according to Claim 1, wherein the cutting insert being

mirror symmetric about all three central x-, y- and z-axis.

3. A cutting nsert according to Claim 1, further comprising a corner

radius between the first and second curvilinear side surfaces.

4. A cutting insert according to Claim 1, wherein at least one of the first
and second curvilinear side surfaces include a contact area for contacting axial and
radial side support surfaces of an insert-receiving pocket and preventing rotation of

the cutting insert when mounted 1n the insert-receiving pocket.

. A cutting insert capable of being mounted within the insert-receiving
pocket, the cutting insert including a first substantially planar surface, a second
substantially planar surface, a first curvilinear side surface, a second curvilinear side
surface, a corner radius between the first and second curvilinear side surfaces, the
cutting insert being mirror symmetric about all three central x-, y- and z-axis to form a
first pair of cutting edges at an intersection between the first substantially planar
surface and the first and second curvilinear side surfaces, and a second pair of cutting

edges at an 1ntersection between the second substantially planar surface and the first

and second curvilinear side surfaces.
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6. A cutting insert according to Claim 5, wherein the first substantially

planar surface 1s substantially parallel to the second substantially planar surface.

7. A cutting insert according to Claim 5, further comprising a corner

radius between the first and second curvilinear side surfaces.

8. A cutting insert according to Claim 5, wherein at least one of the first
and second curvilinear side surfaces include a contact area for contacting axial and
radial side support surfaces of an insert-receiving pocket and preventing rotation of

the cutting insert when mounted in the insert-receiving pocket.

9. A ball end mill, comprising:

a body having a generally hemispherical foﬁvard end portion and a
rearward end portion, the generally hemispherical forward end portion including an
insert-receiving pocket, the insert-receiving pocket including a bottom support
surface, an axial support surface, a radial support surface, and a free surface between
the axial support surface and the radial support surface; and

a cutting insert capable of being mounted within the insert-receiving
pocket, the cutting insert including a first substantially planar surface, a second
substantially planar surface, a first curvilinear side surface, a second curvilinear side
surface, a first pair of cutting edges formed at an intersection between the first
substantially planar surface and the first and second curvilinear side surfaces, and a
second pair of cutting edges formed at an intersection between the second

substantially planar surface and the first and second curvilinear side surfaces.

10. A ball end mill according to Claim 9, wherein the first substantially
planar surface and the second substantially planar surtface are substantially parallel to

each other.

11. A ball end mill according to Claim 9, the cutting insert 1s mirror

symmetric about all three central x-, y- and z-axis.
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12. A ball end mill according to Claim 9, wherein the insert-receiving

pocket further includes a corner relief formed between the bottom support surface and

the axial and radial support surfaces.

13. A ball end mill according to Claim 9, wherein the msert-receiving
pocket further includes a first contact area formed on the axial support surtface and a

second contact area formed on the radial support surtace.

14. A ball end mill according to Claim 9, wherein the cutting insert further
includes a contact area for contacting the axial and radial side support surtaces of the

insert-receiving pocket and preventing rotation of the cutting insert when mounted 1n

the insert-receiving pocket.

15. A ball end mill according to Claim 9, wherein the generally

hemispherical forward end further includes a chip pocket.

16. A ball end mill according to Claim 9, further comprising one or more

coolant passages formed in the body.

17. A ball end mill according to Claim 9, wherein the cutting insert further

includes a corner radius between the first and second curvilinear side surfaces.

18. A ball end mill, comprising:

a body having a generally hemispherical forward end portion and a rearward
end portion, the generally hemispherical forward end portion including an insert-
receiving pocket, the insert-receiving pocket including a bottom support surface, an
axial support surface having a general planar contact area, and a radial support surface

having a general planar contact area; and

a cutting insert capable of being mounted within the insert-receiving pocket,
the cutting insert including a first substantially planar surface, a second substantially
planar surface, a first curvilinear side surface between the first and second
substantially planar surfaces, a second curvilinear side surface between the first and

second substantially planar surfaces having at least one generally planar contact area

9
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that engages at least one of the generally planar contact areas of the insert receiving

pocket.

19. The ball end mill of Claim 18, wherein the second curvilinear side
surface has two generally planar contact areas and the first curvilinear side surface has

two generally planar contact areas.
20. A ball end mill, comprising:

a body having a generally hemispherical forward end portion and a rearward
end portion, the generally hemispherical forward end portion including an insert-
receiving pocket, the insert-receiving pocket including a bottom support surface
having a polygonal shaped protrusion extending therefrom, an axial support surface,

and a radial support surface; and

a cutting insert capable of being mounted within the insert-receiving pocket,

the cutting insert including a first substantially planar surface, a second substantially

planar surface, a first curvilinear side surface between the first and second
substantially planar surfaces, a second curvilinear side surface between the first and

second substantially planar surfaces and recesses,

wherein the first substantially planar surface and the second substantially
planar surface each has a recess corresponding in shape to the polygonal shaped
protrusion of the insert-receiving pocket, whereby the polygonal shaped protrusion of

the insert-receiving pocket mates with one of the recesses to prevent rotational

movement of the cutting insert in the 1nsert receiving pocket.

21.  The ball end mill of Claim 20, wherein the protrusion and recesses are

triangle, square, rectangle or diamond in cross-sectional shape.

10
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