DESCRIPTION
CERAMIC END MILL AND METHOD FOR CUTTING DIFFICULT-TO-CUT
MATERIAL USING THE SAME
TECHNICAL FIELD
[0001]

The present invention relates to a radius type square type ceramic end mill
that can cut a difficult-to-cut material such dseat-resistant alloy at an ultrahigh speed
and a method for cutting the difficult-to-cut ma&using the same.

BACKGROUND ART
[0002]

Since a heat-resistant alloy, such as a Ti allmyastainless steel, which is
excellent in heat resistance and lightweightnesstlagrefore is often used as a material
for a mold and a component, is a difficult-to-cuaterial, machining efficiency is poor
in usual cutting, making it difficult to improve qutuctivity. On the background of this
difficulty, there has been developed a cutting toade of high-hardness material such
as a ceramic that allows a high speed cuttingefiifficult-to-cut material (see Patent
Documents 1 to 5). To ensure the cutting of tiffecdlt-to-cut material at ultrahigh
speed, which is higher than a cutting velocitytfe high speed cutting, high heat
resistance, wear resistance, and strength arereelfor a material of the cutting tool
itself. However, even if the performance is pr@ddo the material itself, cutting
ability as the cutting tool fails to be sufficiegnéxerted is some cases.

[0003]

For example, a radius end mill or a square entlhad a shape where corner

radius edges close to an outer periphery in alrdaiection at a distal end of a tool (end

mill) or end cutting edges cut a surface of a woiterial first, and the cutting ability at



a center portion on a tool end surface is not ebggec Accordingly, the end mill is not
suitable for a thrust process where the tool axedivances and a helical process where
the tool spirally cuts in the work material in priple. Since a ball end mill is assumed
to perform the cutting by the entire cutting edgguding the center part on the tool end
surface, the cutting edges may have a configuratigrassing through the center on the
tool end surface (see Patent Document 6).
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An end mill of Patent Document 1, which is a tygpicutting tool made of
high-hardness material, includes a core to seadgidity of the tool at a center portion
on an end surface (a distal end of a cutting edgeom) side in a tool axis direction.
The end mill has a shape of forming gashes contimuath swarf discharge grooves
(vertical groove) between this core and respe@na cutting edges. However, since
the end cutting edges are not continuous to the iocoa radial direction (Fig. 4, Fig. 6,
and Fig. 7), a part close to the center portiothentool end surface does not have the
cutting ability. The end mill of Patent Documendtiucturally corresponds to the
radius end mill.

[0006]

In detail, in Patent Document 1, a gash 56a coatis with a vertical groove
24a is spirally formed at a part close to a core dfBan end cutting edge (cutting edge)
16a (16b) (claim 1, paragraph 0026). Viewing tha@ £nd surface of this end mill
from a distal end side, the gash 56a is presentdaet an end portion of the end cutting
edge 16a on the core 48a side and the core 48a madial direction. The gash 56a is
concaved to a shank portion 8a side with respetttealistal end of the tool (Fig. 5 to
Fig. 7). Accordingly, the end cutting edge is athse a region between the core 48a
and the end cutting edge 16a, and the cutting ¢deperformed at this region.

[0007]

Patent Document 2 uses a ceramic poor in touglaseasnaterial of a tool
body and forms a margin on a cutting edge flank@nmdigures flank roughness to be a
certain value or less. Thus, Patent Document Blsogents the shortage of toughness
of the material to ensure a long life of the tooHowever, Patent Document 2 does not
mention a cutting by end cutting edges close terder portion on a tool end surface of

a radius end mill.



[0008]

Patent Document 3 specifies a relationship betwpeeipheral cutting edges
and peripheral cutting edge flanks when a toolesved from a cross section
perpendicular to a tool axis, a shape of curvethsas from the peripheral cutting
edges to deepest portions of swarf discharge gsoone front side in a rotation
direction, and curved surfaces from the peripheutting edge flanks to the deepest
portions of the swarf discharge grooves on a relgria the rotation direction
(paragraphs 0015 to 0032, Fig. 2 to Fig. 4). Hamvea shape of cutting edges near a
center on a tool end surface is not specified.

[0009]

In Patent Document 4, end cutting edges are aomitis with a proximity of a
center on a tool end surface. However, a patt@end cutting edge close to the
center curves to a front side in a rotation di@t&nd intersects with a boundary line
between a flank of the end cutting edge positiamethe front side in the rotation
direction and a gash (ridgeline portion on an endign) (Fig. 2). Therefore, the parts
of the respective end cutting edge flanks clogbéacenter gather at the center portion
on the tool end surface. Similar to Patent Docuriesince this example also forms a
core, the end cutting edges are absent at therqearteon the tool end surface.

[0010]

In Patent Document 5, end cutting edges are aomiisin one direction laid
across a center portion near the center on a tmbserface (Fig. 2). However, similar
to Patent Document 4, since parts close to theecefthe end cutting edges are
continuous with the end cutting edges on a frahd & a rotation direction so as to
bend in the front side in the rotation directionemtthe end surface is viewed from a

tool axis direction, the end cutting edges do rasspthrough the center on the tool end



surface. On an elevation surface of the tool pims of the end cutting edges close to
the center retreat to a shank side with respdtietdool end surface (paragraph 0029,
Fig. 3); therefore, the parts close to the cenftéh@end cutting edges cannot involve
cutting at a start of the cutting (paragraph 0032).

[0011]

As described above, the conventional radius etid nannot perform the
cutting at the part near the center on the toolsemthce or have the shapes difficult for
the cutting. Consequently, the radius end millncd uniformly cut a work material at
the entire surface of the tool end surface; theegfibis hard to say that the radius end
mills have the ability of handling the thrust preseand the helical process.

[0012]

From the background, the present invention prapasgeramic end mill that
secures a cutting ability at a part near a cerftartool end surface to ensure cutting the
work material at an entire surface on the tool sudiace and to ensure handling the
thrust process or a similar process, and a methrocutting a difficult-to-cut material

using the ceramic end mill.

SOLUTIONS TO THE PROBLEMS
[0013]

A ceramic end mill of the present invention acaogdo claim 1 is configured
as follows. The ceramic end mill includes a cftaige portion. The cutting edge
portion includes a plurality of cutting edges ardlyges. The plurality of cutting edges
are arranged on a distal end portion side of aldodl in an axis direction spaced in a
rotation direction. The gashes are formed betvwieertutting edges adjacent in the

rotation direction. The respective cutting edgesdude center cut edges, end cutting



edges, and peripheral cutting edges. The centadges are disposed from parts
close to a rotation axis to an outer peripheras gida radial direction. The center cut
edges face the rotation axis. The end cutting ®dge continuous with the center cut
edges. The peripheral cutting edges are continfroosthe end cutting edges to a

tool rear end side. Respective center groovefoareed on rear sides of the center cut
edges and the end cutting edges in the rotati@ctiton continuous in the radial
direction. The center grooves are continuous paitions where end cutting edge
second surfaces face the rotation axis. Altereftithe center grooves are continuous
with positions where the end cutting edge seconi@dses approach the rotation axis.
The end cutting edge second surfaces are laid batthe center cut edges and the end
cutting edges. The respective center groovesoaneeid between the end cutting edge
second surfaces and the center cut edges positmnadear side of the end cutting
edge second surfaces in the rotation direction.e cémter grooves pass on the rotation
axis. The center grooves double as rake facdseaktspective center cut edges. The
center grooves are continuous with the gashes.

[0014]

"The peripheral cutting edges are continuous ftieenend cutting edges to a
tool rear end side" is a gist that includes a sgjtygye end mill with the peripheral
cutting edges directly continuous with the endingtedges and the radius type end mill
where the corner radius edges are interposed betarekcontinuous with both the end
cutting edges and the peripheral cutting edges{c3. "[A] tool rear end side"
means a "rear end side" viewed from the cuttingequigtion and means a shank
portion 30 side. With the radius type, as illugdain Fig. 1, corner radius edges 3ato
3f are continuous with an outer peripheral sideespective end cutting edges 2a to 2f

in a radial direction. Respective peripheral agftedges 13a to 13f are continuous



from the corner radius edges 3a to 3f to the sipantton 30 side (claim 3). "The
edges are continuous" means continuous convexlinége When the edges draw a
curved line, a curvature of the curved line neeutdm be constant.

[0015]

"[T]he center cut edges facing the rotation axistlaim 1 means that, as
illustrated in Fig. 1 and Figs. 2-(a) and (b), wiiea tool (end mill) or an end surface of
a cutting edge portion 1 is viewed in a rotatiors&X direction, center cut edges 10a to
10d are radially formed starting from the rotateoas O to an outer peripheral side in a
radial direction, and end portions of the centdreriges 10a to 10d close to the rotation
axis O front onto the rotation axis O. Note tlatprmation of center grooves 10A to
10D, which pass through the rotation axis O, ontdloéend surface forms the center
cut edges 10a to 10d as the edges (convex ridgelmea rear side of the center
grooves 10Ato 10D in the rotation direction. &tyi speaking, due to the presence of
the center grooves 10A to 10D on the rotation @xithe center cut edges 10a to 10d
are formed from the rotation axis O to gashes 8%sa as to face the center grooves
10Ato 10D. As details will be described later,ilithe gashes 8 and 9 are constituted
of the first gashes 8, which are positioned onrdereside in the radial direction, and the
second gashes 9, which are continuous with an petgrheral side of the first gashes 8
in the radial direction, the gashes according amncll mean the first gashes 8. The
center grooves 10A to 10D are formed into strigpsisaadially formed from the
rotation axis O (Fig. 2-(a)) or strip shapes wigipepximately uniform with (Fig. 2-(b))
by the number of cutting edges.

[0016]
"[T]he center grooves 10A to 10D doubling as rédaees of the respective

center cut edges 10a to 10d" in claim 1 meansthieatenter grooves 10A to 10D have



the (center cut edge) rake faces formed into aaashape on a front side of the
respective center cut edges 10a to 10d in thewatdirection. Specifically, as
illustrated in Fig. 3-(b), this includes the cadeeve the center grooves 10A to 10D are
configured of only (center cut edge) rake faces &dithe case where the center
grooves 10A to 10D include the (center cut edgeg faces, and curved surfaces and
planar surfaces following (continuous with) endticigt edge second surfaces 4a to 4d
on the front side in the rotation direction of {eenter cut edge) rake faces. Besides,
as illustrated in Fig. 3-(a), there is a case wiieeecenter grooves 10A to 10D include
the (center cut edge) rake faces 25d, which areddrinto a concave groove shape
concaved in the rotation axis O direction, betwienend cutting edge second surfaces
4a-4b (4b-4c, 4c-4d, and 4d-4a) adjacent to onéhanm the rotation direction.  Figs.
3-(a) and (b) illustrate a cross section takengtine z-z in Fig. 2-(b).

[0017]

In the case of Fig. 3-(a), the formation of thatee grooves 10A to 10D into
the concave groove shape may configure the cerdergs 10A to 10D and a front side
of the end cutting edge second surfaces 4a to #ekeirotation direction so as to have
discontinuous surfaces. Accordingly, a boundarg Indicated by G may appear
between the center grooves 10A to 10D and the ettthg edge second surfaces 4a to
4d. Inthe case of Fig. 3-(b), the rake faces @#8dch constitute the center grooves
10A to 10D, and the front side of the end cuttidgeesecond surfaces 4a to 4d in the
rotation direction can be formed as continuousam@$ and therefore the boundary line
does not always appear. The "grooves" of the cgnt®ves 10A to 10D do not
always mean the groove shape concaved from theetmbsurface in the rotation axis O
direction. As illustrated in Figs. 3-(a) and (thle "grooves" include the grooves with

a shape concaved from the end cutting edge secofatas 4a to 4d side to the rear



side in the rotation direction.
[0018]

The respective center grooves 10A to 10D are fdrbetween the end cutting
edge second surfaces 4a to 4d and the center ges é0a to 10d, which are positioned
on the rear side in the rotation direction. Acaogty, the respective center grooves
10A to 10D partition parts of the end cutting edgeond surfaces 4a to 4d close to the
rotation axis O with the center cut edges 10a tbdithe rear side in the rotation
direction. That is, the center grooves 10A to I0lthe rear side of the parts of the
end cutting edge second surfaces 4a to 4d clabe tmtation axis O in the rotation
direction partition the end cutting edge secondes@s 4a to 4d with the center cut
edges 10ato 10d. Consequently, as illustrat&igs 2-(a) and (b), the center grooves
10A to 10D are formed on the front side and the sede of the parts of the end cutting
edge second surfaces 4a to 4d close to the rotatisrO in the rotation direction. At
the parts near the rotation axis O, the centengr®d0A to 10D and the end cutting
edge second surfaces 4a to 4d are arranged inaltar in the rotation direction
(circumferential direction) of the rotation axis O.

[0019]

Since the center cut edges 10a to 10d are formadtaneously with
formation (grinding) of the center grooves 10A @@lon the tool end surface, a shape
of the center cut edges 10a to 10d is determineording to a planar shape of the
center grooves 10A to 10D viewed from the end serade of the tool. In Fig. 1 and
Fig. 2-(a), when the tool is viewed from the endate side, the center cut edges 10a to
10d form a straight line or a straight-line-likeaple. However, the center cut edges
10a to 10d may draw a curved line as illustrateig 2-(b).

[0020]
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As illustrated in Fig. 1 and Fig. 2-(a), when #red surface of the cutting edge
portion 1 is viewed in the rotation axis O direatithere may be a case where the center
grooves 10A to 10D are formed to gradually widemfrthe rotation axis O to the first
gashes 8 to have an enlarging shape or the case vasallustrated in Fig. 2-(b), the
center grooves 10A to 10D are formed into strigosisavith a uniform or gradually
changing width Wc from the rotation axis O to thstfgashes 8(claim 2).

[0021]

"[U]niform width" means that, among the centeragyes 10A to 10D, regions
including the rotation axis O have the width oftaar size or more to the extent that
swarfs cut by the center cut edges 10a to 10d eafideharged to the first gashes 8.
This means that the width is substantially or agipnately uniform from the rotation
axis O to the first gashes 8. "[A] gradually chismggwidth” means that, as illustrated
in Fig. 2-(b), although the width Wc of the cengenoves 10A to 10D is not distinctly
uniform in the radial direction, an extent of aga in width is gradual and therefore it
can be said that the dischargeability of swartsisormly equivalent in the radial
direction. In any cases, it is only necessary, ihatlaim 1 including claim 2, the
center grooves 10A to 10D have at least the width thie certain size or more in an
overall length in the radial direction, a regiocluding the rotation axis O contain, or a
region close to the rotation axis O. In view aétlihe center grooves 10A to 10D
include the center grooves 10A to 10D with a sheapalar to Fig. 2-(a) where the
center grooves 10A to 10D have the gradually emgrgidth from the rotation axis O
to the first gashes 8, a shape with widths of retbpe portions different in the radial
direction, or conversely, a shape with graduallkaeging width from the first gashes 8
to the rotation axis O. In Fig. 2-(b), the widtlkc\&f the center grooves 10A to 10D is

slightly enlarged from the rotation axis O to thetfgashes 8.
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[0022]

As illustrated in Fig. 2-(b), assume that the eegrooves 10A to 10D are
formed to have the uniform or gradually changingtiwc from the rotation axis O to
the first gashes 8 (claim 2). With a comparisothwle center grooves 10A to 10D
with the gradually enlarging width from rotationisuO to the first gashes 8 (Fig. 2-(a)),
an ability that the center grooves 10A to 10D hahseswarfs cut by the center cut
edges 10ato 10d is enhanced. This is advantagéauprovement in the
dischargeability of swarfs from the center groo¥@4 to 10D through the gashes 8 and
9, which are continuous with the center grooves tO20D.

[0023]

As described above, the respective end cutting sdgond surfaces (end
cutting edge flanks) 4a to 4d are formed on the sikes of the center cut edges 10a to
10d and the end cutting edges 2a to 2d, which@®nuous in the radial direction, in
the rotation direction. The end cutting edge sdcaurfaces (end cutting edge flanks)
4a to 4d are laid between the center cut edge$ol0ad and the end cutting edges 2a to
2d. Here, "being continuous with positions wherd eutting edge second surfaces 4a
to 4d face the rotation axis O" in claim 1 meara,teimilar to the center cut edges 10a
to 10d facing the rotation axis O, as illustratedrig. 2-(a), the parts of the end cutting
edge second surfaces 4a to 4d close to the rotatisrO face the rotation axis O and
front onto the rotation axis O. Since the centeoges 10A to 10D are present on the
rotation axis O, strictly speaking, the end cuttgie second surfaces 4a to 4d face the
rotation axis O via the center grooves 10A to 10D.

[0024]
"[B]eing continuous with positions where the entting edge second surfaces

4a to 4d approach the rotation axis O" in claiméans that, as illustrated in Fig. 2-(b),
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when the center grooves 10A to 10F are formedthestrip shapes, the parts of the
end cutting edge second surfaces 4a to 4d clabe tmtation axis O are formed up to
the positions near the rotation axis O and facedtation axis O via the center grooves
10Ato 10F. "[T]he parts of the end cutting edgead surfaces 4a to 4d close to the
rotation axis O" means regions in contact withdeeter grooves the center grooves
10A to 10D at the front side and the rear sidderbtation direction. With the
example illustrated in Fig. 2-(a), this means gestd possibly in contact with the
rotation axis O at a center side in the radialafios.

[0025]

Edges at the front side of the parts of the erntinguedge second surfaces 4a to
4d close to the rotation axis O in the rotatiorediion and edges on the rear side in the
rotation direction both formally become boundarigth the center grooves 10A to 10D.
The edges at the front side of the parts of thecertthg edge second surfaces 4a to 4d
close to the rotation axis O in the rotation dii@ttare the center cut edges 10a to 10d.
Therefore, the edges become the convex ridgeliméshee boundary lines clearly
appear. Note that, since the edges on the reaursitie rotation direction are not the
cutting edges, as described above, the boundasy tlo not always clearly appear as
the convex ridgelines. As illustrated in Fig. 3-@md Fig. 3-(a), the end cutting edge
second surfaces 4a to 4d are continuous with thieicgrooves 10A to 10D through the
curved surfaces or, as illustrated in Fig. 3-(b@, @ntinuous with the center grooves
10A to 10D through the planar surfaces and theezisurfaces is some cases.

[0026]

As illustrated in Fig. 3-(b), "the end cutting edgecond surfaces 4a to 4d are

continuous with the center grooves 10A to 10D thiothe planar surfaces and the

curved surfaces" means that, when the parts aefygective end cutting edge second
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surfaces 4a to 4d close to the rotation axis Qriasged to the center side in the radial
direction, a curvature gradually increases fromonfparts of the end cutting edge
second surfaces 4a to 4d close to the rear sitheirotation direction to the center
grooves 10A to 10D and continuously changes toecthes end cutting edge second
surfaces 4a to 4d to transition to the center gge0A to 10D while the end cutting
edge second surfaces 4a to 4d are continuous Femlanar surfaces to the curved
surfaces. In this case, the clear boundary limesad appear at the parts at which the
end cutting edge second surfaces 4a to 4d tramsdithe center grooves 10A to 10D.
The center grooves 10A to 10D are configured froendenter cut edge rake faces 25d,
which are continuous with the center cut edgestad®d, or from the transition
surfaces from the center cut edge rake faces 26oktend cutting edge second surfaces
4ato 4d. In Fig. 2-(b), thin lines in the cergenoves 10A to 10D show that the
surfaces of the center grooves 10A to 10D forncthrecave curved surfaces.

[0027]

As illustrated in Fig. 1, the end cutting edged@®ad are continuous with the
outer peripheral side of the center cut edges d@8d, which are the edges of the end
cutting edge second surfaces 4a to 4d close tath8on axis O on the front side in the
rotation direction, in the radial direction. Thaneex ridgelines, which become the
boundary lines with first gash surfaces 8a to 8ustituting the first gashes 8, are
continuous with the outer peripheral side of thgesd which are on the rear side of the
end cutting edge second surfaces 4a to 4d in tagao direction, in the radial
direction.

[0028]
As described above, at the periphery of the ranadixis O, the center grooves

10A to 10D are formed on the front side and the sede of the parts of the end cutting
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edge second surfaces 4a to 4d in the rotationtaireclose to the rotation axis O. The
parts of the respective end cutting edge secorfdcas 4a to 4d close to the rotation
axis O partitioned by the edges on the front aidiaé rotation direction (center cut
edges 10a to 10d) and the edges on the rear side motation direction (boundaries
with the center grooves 10A to 10D) collect atpleepheral area of the rotation axis O.
This becomes the regions with a certain area gbe¢hipheral area of the rotation axis O
(center cut edge portion 10). Here, the parth®fend cutting edge second surfaces 4a
to 4d close to the rotation axis O means the regvath imaginary triangular shape or
fan shape interposed between the boundaries betive@enter cut edges 10a to 10d on
the front side in the rotation direction and thatee grooves 10A to 10D on the rear
side. The parts of the end cutting edge secorfds 4a to 4d close to the rotation
axis O remain on the end surface of the tool atdhmation of the center grooves 10A
to 10D on the tool end surface. Accordingly, tbection at the peripheral area of the
rotation axis O structurally forms the shape edeiviato the formation of a core on the
center portion of the tool substantially similaRatent Document 1, contributing to
securing rigidity of the tool.
[0029]

For example, while Patent Document 1 leaves adose to a rotation axis on
a tool end surface, gashes 56a, which are deeplyp tom end cutting edge flanks to
end cutting edge rake faces on a rear side inaéioatdirection in a section from the
vicinity of intermediate portions of end cuttingges in a radial direction to the core.
Accordingly, with a comparison with the end cuttedges continuous with the core,
rigidity of respective cutting edges are sacrifickereby deteriorating the rigidity. In
contrast to this, with the end mill of the presewention, the first gashes 8 are formed

from the positions on the outer peripheral sidéhefparts of the end cutting edge
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second surfaces 4a to 4d close to the rotation@uxmsthe rotation direction

(intersection points of the boundary lines betwienend cutting edge second surfaces
4a to 4d and end cutting edge third surfaces & woth the first gash surfaces 8a to 8f)
to end cutting edge rake faces 11a to 11d on teside in the rotation direction.
Consequently, with the present invention, the pafrtte end cutting edge second
surfaces (end cutting edge flanks) 4a to 4d closké rotation axis O are not deeply cut
in from the outer peripheral side in the radiaédifon from and remain. With the
comparison with Patent Document 1, the rigidityhef respective cutting edge and the
rigidity of the tool (end mill) itself are enhanced

[0030]

Meanwhile, at the parts of the tool end surfacselto the rotation axis O, the
center cut edges 10a to 10d are formed so asédli@acenter grooves 10A to 10D
passing on the rotation axis O. The end cuttirgee®a to 2d are continuous with the
outer peripheral side of the center cut edges d@8d in the radial direction. This
provides the tool with the cutting ability contirugby from the rotation axis O to the
outer peripheral side in the radial direction oa &md surface on the cutting side. That
is, the tool has the ability to uniformly cut thesk material by the entire tool end
surface of the tool. Consequently, as describedalwhile the end mill has the
configuration equivalent to the cutting edge partioof the tool with the core, the end
mill secures an ability of handling a thrust pracaad a helical process, which ensure
the cutting at the center portion.

[0031]

The respective center cut edges 10a to 10d, whitthe work material by the

center part on the tool end surface, face the cgnb@ves 10A to 10D passing on the

rotation axis O. Accordingly, the cutting edgetpor 1 secures a discharge path to
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radially discharge the swarfs cut by the centerdgfes 10a to 10d from the rotation
axis O through the center grooves 10A to 10D. ddrder grooves 10A to 10D are
continuous with the first gashes 8 in the radiegction. Therefore, the swarfs
entering into the center grooves 10A to 10D arehdigged to the flutes 20a to 20d as
the swarf discharge grooves, which are formed batviiee peripheral cutting edges 13a
to 13d adjacent in the rotation direction, throtig first gashes 8.

[0032]

The center grooves 10A to 10D serve as the digehaaths for the swarfs cut
by the center cut edges 10a to 10d, and the tashes 8 and the flutes 20a to 20d are
continuous with the center grooves 10A to 10D. sTvoids a clogging of the swarfs
in the center grooves 10A to 10D, also avoidinguation where the cutting ability of
the center cut edges 10a to 10d is deterioratadgltire thrust process and the helical
process.

[0033]

The first gash surfaces 8a to 8d, which consttheefirst gashes 8, are
continuous with the rear side of parts of the auttirgg edge second surfaces 4a to 4d in
the rotation direction close to the rotation axis he second gash surfaces 9a to 9d,
which constitute the second gashes 9, are contswith the outer peripheral side of
the first gash surfaces 8a to 8d in the radialctive. The first gashes 8 are
constituted of the first gash surfaces 8a to 8dthadnd cutting edge rake faces 1lato
11d. The second gashes 9 are constituted of domdayash surfaces 9a to 9d and the
end cutting edge rake faces 11lato 11d. (Spageleofirst gashes 8 are continuous
with (spaces of) the above-described flutes 2@0th  "[S]urfaces are continuous”
means that the continuous surfaces form surfadesetit from one another and are

adjacent to one another interposing a convex ocaanridgeline (boundary line).



17

[0034]

End cutting edge third surfaces 6a to 6f are cootis with the rear side of
parts close to the outer periphery in the radia@dion of the end cutting edge second
surfaces 4a to 4f in the rotation direction. Taeond gash surfaces 9a to 9f are
continuous with the rear side of the end cuttingeetthird surfaces 6a to 6f in the
rotation direction. The first gash surfaces 88dare continuous with the inner
peripheral side of the second gash surfaces 9d o the radial direction. With the
radius type illustrated in the drawing (claim 3,idustrated in Fig. 1, corner radius
edge second surfaces 5a to 5d are continuoustvatrear side of the corner radius
edges 3a to 3d in the rotation direction and coraeius edge third surfaces 7a to 7d are
continuous with the rear side of the corner raguge second surfaces 5a to 5f in the
rotation direction. The corner radius edge thudaces 7a to 7d are continuous with
the outer peripheral side of the end cutting etigd surfaces 6a to 6d in the radial
direction.

[0035]

As illustrated in Fig. 4, a concave slope angtel(eutting edge concavity
angle)a may be provided to the end cutting edges 2a t@ladn 4). In this case,
when a cross section of cutting the tool at aiogtin the axis direction passing through
the rotation axis O or the side surface of the t®@iewed in the radial direction, parts
of the end cutting edges 2a to 2d close to ther @aetephery in the radial direction
project from the center cut edges 10a to 10d tmkdistal end side. In view of this,
when the tool performs the thrust process and éfieah process, the center cut edges
10a to 10d contact and cut the surface of the wuaterial delayed from the end cutting
edges 2ato 2d. Accordingly, as a result of fograrcutting edge 1A (the center cut

edges 10a to 10d and the end cutting edges 239 tmwAtdnuous from the rotation axis



18

O to the outer periphery in the radial directiomesistance that the tool receives from
the work material at the start of the cutting (imnsl moment) decreases while the
entire tool end surface has the cutting abilityhisTallows preventing the breakage of
the tool in advance.

[0036]

The ceramic end mill according to any one of claito claim 5, which is the
cutting tool made of a high-hardness material, ausficult-to-cut material at an
ultrahigh speed, a cutting velocity Vc of 500 m/rteri200 m/min (claim 6). In
association with the cutting, this possibly causa®sion on the cutting edge portion 1
at the distal end portion of the cutting tool. Hmwar, as long as the progress of the
abrasion is within around 10 percent of the toahtgter, the remaining part from the
end cutting edges 2a to 2f to the corner radiuge@dg to 3f of the cutting edges 1A
after the abrasion can still function as the cgtedges 1A, thus having a feature of
ensuring maintaining the cutting ability.  Although appropriate or preferable range
of the cutting velocity Vc is 500 m/min to 1200 nwmit is only necessary that a lowest
speed is 300 m/min or more at the slowest.

[0037]

This ability that the remaining part after theason can function as the
cutting edges 1A remarkably appears specificallgnva silicon nitride-based ceramic,
especially SIAION is used as the base materidh@tool (claim 5). As the base
material of the tool, it is especially suitableus®e a sintered body containing at least any
one of a magnesium and a magnesium compound togethean RE element
compound (Note that, the RE is at least one kinelehents of a rare earth element).
The selection of these materials allows obtainixge#ent wear resistance, heat

resistance, and strength even when the tool gbtbsent invention performs the cutting
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work on the difficult-to-cut material at a high tee
[0038]

Coating a hard film (for example, TiSiN, TiAIN,AlSIN, CrN, CrSiN, AICrN,
AICrSIN, AITICrN, or AICrVBN) on the cutting edgegption of the end mill of the

present invention as necessary allows further impgptool performance.

EFFECTS OF THE INVENTION
[0039]

The respective cutting edges include the centeedges and the end cutting
edges continuous with the center cut edges. Tihkeiceut edges are disposed from
the parts close to the rotation axis to the oweipperal side in the radial direction and
face the rotation axis. The end cutting edge sgtsofaces are positioned on the rear
sides of the center cut edges and the end cuttiggsein the rotation direction. The
end cutting edge second surfaces are continuobsthétpositions facing the rotation
axis or the positions approaching the rotation.axiBhe center grooves are formed
between the end cutting edge second surfaces armtiter cut edges on the rear side
in the rotation direction. The center grooves asthe rotation axis and partition the
end cutting edge second surfaces with the centexdges. This allows the center cut
edges to be formed so as to face the center grgmagsing on the rotation axis at the
parts close to the rotation axis on the tool entasae. This ensures providing the end
mill with the cutting ability continuously from th@tation axis to the outer peripheral
side in the radial direction on the end surfacéhencutting side.

[0040]
Consequently, the end mill has the ability to aniily cut the work material by

the entire tool end surface. Therefore, whileghd mill has the configuration
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equivalent to the cutting edge portion of the wih the core, the end mill can secure
an ability of handling the thrust process and takchl process, which ensure the

cutting at the center portion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]

Fig. 1 is an end surface view illustrating an sadace of a (radius) end mill
on a cutting edge portion side with four cuttingyesl

Fig. 2-(a) is an enlarged view near a rotatiors @fiFig. 1 in the case where
center grooves are formed into a fan shape.

Fig. 2-(b) is an enlarged view near the rotatigis af Fig. 1 in the case where
the center grooves are formed to be radially umfor formed to be a shape with
gradually changing width.

Fig. 3(a) is a cross-sectional view taken alotigeaz-z in Fig. 2-(b)
illustrating a formation example of the center gr@a the case where a center cut edge
includes a rake face and is formed into a concavevg when a tool end surface is
viewed in a rotation axis direction. Fig. 3(bpisross-sectional view taken along the
line z-z in Fig. 2-(b) illustrating a formation axale of the center groove in the case
where the center cut edge is formed of a centeeadge rake face, a curved surface, and
a planar surface continuous with an end cuttingeestiggond surface on a front side of
the center cut edge rake face in a rotation doacti

Fig. 4 is a side view of Fig. 1 and an arrow vigewed from a line x-x.

Fig. 5 is a perspective view illustrating a stat@iewing Fig. 4 from slightly
end surface side.

Fig. 6 is a cross-sectional view taken along @ lthin Fig. 4 illustrating a
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relationship between a core diameter Dw and ad@oheter D of the end mill and a
state of a peripheral cutting edge rake angle.

Fig. 7 is an end surface view illustrating the endace of the (radius) end mill
on the cutting edge portion side with the six cgftedges.

Fig. 8 is an enlarged view near the rotation axisig. 7.

Fig. 9 is a side view of Fig. 7 and an arrow viewed from a line y-y.

Fig. 10 is a perspective view illustrating a swaft@iewing Fig. 9 from slightly
end surface side.

Fig. 11 is a cross-sectional view taken alongya lil in Fig. 9 illustrating a
relationship between the core diameter Dw anddbkdiameter D of the end mill and a

state of the peripheral cutting edge rake angle.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0042]

Fig. 1 illustrates an end surface of a four-fliigdius type ceramic end mill
(hereinafter referred to as an end mill (also ref¢to as a tool)) 40 that includes a
plurality of cutting edges 1A, a column-shaped &haortion 30, and a cutting edge
portion 1. The cutting edges 1A are arranged distal end portion side of a tool
body in an axis direction spaced in a rotationalioe. The shank portion 30 is
formed on a rear end portion side of the tool biodyne axis direction. The cutting
edge portion 1 includes gashes 8 and 9 formed leettee cutting edges 1A and 1A
adjacent in the rotation direction.

[0043]
The cutting edges 1A each include center cut efl§ago 10f, which face a

rotation axis O, end cutting edges 2a to 2f comtirsuwith the center cut edges 10a to
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10f, and peripheral cutting edges 13a to 13f, wiaiehcontinuous from the end cutting
edges 2a to 2f to a rear end (the shank portiosige)of the tool, from parts close to
the rotation axis O to an outer peripheral siddheradial direction. The drawings
illustrate an example of the radius type end ntlilhere corner radius edges 3a to 3f
are continuous with the outer peripheral side efréspective end cutting edges 2a to 2f
in the radial direction, and as illustrated in Fgthe peripheral cutting edges 13a to 13f
are continuous from the respective corner radigee®a to 3f to the tool rear end side.
Note that, the end mill 40 may be a square typerghs the corner radius edges 3a to
3f. For exampleg andf of the center cut edges 10a to 10f are referenoeerals in

the case of the six cutting edges 1A (Fig. 7 to Eig, and reference numerals for the
four cutting edges 1A (Fig. 1 to Fig. 6) aréo d.

[0044]

As illustrated in Fig. 4, peripheral cutting edgeeond surfaces 14a to 14f are
formed on a rear side of the respective periphariing edges 13a to 13f in the rotation
direction. Peripheral cutting edge third surfat®a to 15f are formed on the rear side
of the peripheral cutting edge second surfacegd 44f in the rotation direction. The
peripheral cutting edge second surfaces 14a tadeldreferably convex toward the
outer peripheral side in the radial direction (edde tooth shape). The peripheral
cutting edge third surfaces 15a to 15d are prefg@mncave toward the outer
peripheral side in the radial direction (concaw&licshape). The peripheral cutting
edge second surfaces 14a to 14d with the convepesdrghance rigidity of cutting
edges of the peripheral cutting edges 13a to 1Bhe peripheral cutting edge third
surfaces 15a to 15d with concave shape reducessarese occurred in the cutting
edges during the cutting, reducing a progress Katsan.

[0045]
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End cutting edge second surfaces (end cutting #algies) 4a to 4f are formed
on a rear side of the respective center cut edge$al10f and the respective end cutting
edges 2a to 2f, which are continuous in the ratlialction, in the rotation direction.

As illustrated in Fig. 1 and Fig. 2-(a), the endtiog edge second surfaces 4a to 4f are
laid between the respective continuous centerage® 10a to 10f and end cutting
edges 2a to 2f and are continuous up to positiaiad the rotation axis O or positions
approaching the rotation axis O as illustratedign Z-(b). Center grooves 10A to 10F
are formed between the respective end cutting sedgend surfaces 4a to 4f and the
respective center cut edges 10a to 10f, which eséipned on the rear side in the
rotation direction. As illustrated in Figs. 2-@)d (b), the center grooves 10A to 10F
pass on the rotation axis O, double as rake falck® aespective center cut edges 10a
to 10f, and are continuous with the gashes 8 andl'de center cut edges 10a to 10f are
each formed at the rear side of the center grob@8g0 10F in the rotation direction.

As a result of forming the center grooves 10A t&,1fe center cut edges 10a to 10f are
formed as convex ridgelines. There may be a caseaerthe end cutting edge second
surfaces 4a to 4f have a planar surface and adswgace. Although the center
grooves 10A to 10F do not have clear boundaries i end cutting edge second
surfaces 4a to 4f, which are disposed on the Bmwl# in the rotation direction, in some
cases (Fig. 3-(b)), the respective center groo@éstd 10F formally partition the end
cutting edge second surfaces 4a to 4f and the rcemtedges 10a to 10f.

[0046]

Surfaces of the center grooves 10A to 10F, whietcantinuous with the front
side of the respective center cut edges 10a tinltk rotation direction, on the center
cut edges 10a to 10f side become center cut ettigdaees (25d). Surfaces

continuous with the rear side of the center cuesda to 10f in the rotation direction



24

become center cut edge second surfaces (centedgetflanks). However, the end
cutting edges 2a to 2f are continuous with theropgeipheral side of the center cut
edges 10a to 10f in the radial direction, and tie @itting edge second surfaces 4a to
4f are laid between the center cut edges 10a tarddthe end cutting edges 2a to 2f on
the rear side of both in the rotation direction.ccérdingly, the center cut edge second
surfaces become a part of the end cutting edgendestofaces 4a to 4f close to the
rotation axis O. The center cut edge rake facgéd)(Become a part of the end cutting
edge rake faces 11lato 11f. There may be a case\tre end cutting edge rake faces
11a to 11f including the center cut edge rake f§28d) have a planar surface and a
curved surface.

[0047]

First gash surfaces 8a to 8f are formed on therqéripheral side of the center
grooves 10A to 10F in the radial direction andar ade of parts of the end cutting
edge second surfaces 4a to 4f in the rotation titreclose to the rotation axis O. The
first gash surfaces 8a to 8f constitute first gashé&ogether with the end cutting edge
rake faces 1la to 11f close to the center in tdakdirection. Second gash surfaces
9a to 9f are formed on the outer peripheral sidiefiirst gash surfaces 8a to 8f in the
radial direction. The second gash surfaces 9& ¢orsstitute second gashes 9 together
with the end cutting edge rake faces 1la to 1Mecto the outer periphery in the radial
direction.

[0048]

The first gashes 8 are configured of the endruyigidge rake faces 11a to 11f
and the first gash surfaces 8a to 8f, which amaéal on the front side of the end cutting
edge rake faces 11a to 11f in the rotation diractioThe second gashes 9 are

configured of the end cutting edge rake faces @14t and the second gash surfaces 9a
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to 9f. As illustrated in Fig. 4, flutes 20a to 2@fich serve as swarf discharge
grooves, are continuous with the outer periphada sf the second gash surfaces 9a to
of (the second gashes 9) in the radial directiofhe flutes 20a to 20f are spirally
formed between the peripheral cutting edges 13a-1l3-13c, 13c-13d, 13d-13e, and
13e-13f, which are adjacent in the rotation diatif the tool indicated by R in Fig. 1.
There may be a case where the first gash surfaces & and the second gash surfaces
9a to 9f have a planar surface and a curved surface

[0049]

As illustrated in Fig. 1, end cutting edge thitdifaces 6a to 6f, which are
continuous with the first gash surfaces 8a to i&f,c@ntinuous with the rear side of
parts of the end cutting edge second surfaces 4fitathe rotation direction close to
the outer periphery in the radial direction, anel $kecond gash surfaces 9a to 9f are
continuous with the rear side of the end cuttingeethird surfaces 6a to 6f in the
rotation direction. There may be a case wheretitecutting edge third surfaces 6a to
6f have a planar surface and a curved surface.

[0050]

With the radius type end mill 40, as illustratad-ig. 1 and Fig. 4, corner
radius edge second surfaces 5a to 5f are continuiblushe rear side of the corner
radius edges 3a to 3f in the rotation direction emaher radius edge third surfaces 7a to
7d are continuous with the rear side of the coraéius edge second surfaces 5a to 5f in
the rotation direction. As illustrated in Fig.the flutes 20a to 20f are continuous with
the rear side of the corner radius edge secondasfha to 5f and the corner radius
edge third surfaces 7a to 7d in the rotation dimact The flutes 20a to 20f smoothly
continues so as to have, for example, a curveaceirfvhose curvature continuously

changes to avoid forming a discontinuous surfa¢k peripheral cutting edge rake
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faces 16a to 16f on the rear side in the rotaticectdon. There may be a case where
the corner radius edge second surfaces 5a to Ghanwbrner radius edge third surfaces
7ato 7d have a planar surface and a curved surface

[0051]

The center grooves 10A to 10F, which form the eeotit edges 10a to 10f, are
as illustrated in Fig. 1 and Fig. 2-(a), whichhs enlarged view of Fig. 1, formed into a
fan shape where like connecting points F1 to Fé¢chvbonnect the center cut edges 10a
to 10f with the end cutting edges 2a to 2f, rotdieut the rotation axis O.

Alternatively, as illustrated in Fig. 2-(b), thenter grooves 10A to 10F are formed into
strip shapes passing through the rotation axisdhaning substantially
(approximately) uniform width in the radial diremti or strip shapes having a gradually
changing width in the radial direction. With ttenfshape, the widths of the center
grooves 10A to 10F are gradually created and estbfigpm the rotation axis O to the
first gashes 8.

[0052]

To increase a volume of the center grooves 100in the rotation axis O
direction (depth direction) and to secure dischalgiy of swarfs cut by the center cut
edges 10a to 10f, when the center grooves 10ARaai® viewed from the end cutting
edge second surfaces 4a to 4f on the rear sideakspective center grooves 10A to
10F in the rotation direction as illustrated in$:i8-(a) and (b), or when viewed from
the first gash surfaces 8a to 8f on the outer pergl side of the respective center
grooves 10A to 10F in the radial direction, theteegrooves 10A to 10F are formed
into a groove shape with a certain depth. Astilated in Fig. 3, a cross-sectional
shape of the center grooves 10A to 10F when vieaveal cross section passing through

the center grooves 10A to 10F and parallel to t¢i@&tion axis O may be formed into a
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concave curved line (concave curved surface) or lmeaprmed into a multangular
shape (concave polyhedron) on the tool body side.
[0053]

Since in the drawings, the curvature of the ceatieedges 10a to 10f is
differentiated from the curvature of the end cgtadges 2a to 2f when the tool end
surface is viewed from the rotation axis O dirattibig. 2-(a) clearly shows boundaries
between the center cut edges 10a to 10f and thelwdtidg edges 2a to 2f as the
connecting points F1 to F4. However, in the cakerethe curvature of the center cut
edges 10a to 10f and the curvature of the endhguétiiges 2a to 2f continuously change,
the connecting points F1 to F4 are not clearly sh@essome cases.  While Fig. 2-(b)
does not illustrate the connecting points F1 totkd boundaries between the center cut
edges 10a to 10f and the end cutting edges 2aameZhown. Since the first gashes 8
are continuous with the outer peripheral side efdénter grooves 10A to 10F in the
radial direction, the connecting points F1 to Fd aso the boundaries between the
center grooves 10A to 10F on the center cut edgasd 10f and the first gashes 8.
[0054]

As described above, as a result of forming (gnigilthe center grooves 10A to
10F on the tool body, the center cut edges 108ftare formed as the convex
ridgelines of the rear side of the center groow®s tb 10F in the rotation direction.
Additionally, the center grooves 10A to 10F arexied passing through the rotation
axis O. Inview of this, the center cut edges tbOROf are formed facing the rotation
axis O or are formed passing through the rotatios @ to the outer peripheral side in
the radial direction (radially outside). Accordinghe center cut edges 10a to 10f can
circularly cut the work material in the region frahe rotation axis O to the outer

peripheral side in the radial direction during tb&ation of the tool. Therefore, the end
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mill 40 has an ability to ensure handling the thprecess by which the end mill 40
scans in the rotation axis O direction and theclakprocess by which the end mill 40
spirally cuts in the work material.
[0055]

It is appropriate that a length Lc of the centgredges 10a to 10f shown in Fig.
2-(a) is in a range of around 0.01 to 0.3 timea tdol diameter D shown in Fig. 4
because of the following reason. With Lc < 0.0fli& extremely short length of the
center cut edges 10a to 10f deteriorates a resiptwer (rigidity) against a resistance
from the work material that the center cut edgestdQLOf receive during the cutting.
Consequently, a chipping due to the deterioratiomachinability of the center cut
edges 10ato 10f is likely to occur. Meanwhilethaic > 0.3D, the length of the end
cutting edges 2a to 2f occupied in the cutting edgkis shortened. This narrows the
width of the first gashes 8, which are constitutéthe end cutting edge rake faces 11a
to 11f formed on the front side of the end cuttauges 2a to 2f in the rotation direction,
in the rotation direction, resulting in deteriocatiof the dischargeability of the swarf.
[0056]

It is appropriate that a concave slope angle ¢eniihg edge concavity angle)
of the center cut edges 10a to 10f is equivaleot @pproximately equivalent to a
concave slope angteof the end cutting edges 2a to 2f shown in Fignd is in a range
of around 0.5 to 3.0° because of the following osas Witha < 0.5°, the end cutting
edges 2a to 2f and the center cut edges 10a taréOikely to simultaneously contact
the work material in the thrust process. Thiseases the cutting resistance that the
end mill 40 itself receives from the work mateaald therefore the chipping and a
fracture are apprehended. Meanwhile, with 3.0°, a period during which the end

cutting edges 2a to 2f alone cut the work matégiadithens by a longer period from the
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end cutting edges 2a to 2f contacting the work nadtentil the center cut edges 10a to
10f contacting the work material. This increagesdutting resistance that the end
cutting edges 2a to 2f receive, being likely togyate the chipping in the end cutting
edges 2a to 2f.

[0057]

It is appropriate that peripheral cutting edgeerakgle$1 andp2 of the end
mill 40 shown in Fig. 6 and Fig. 11 are in a ranfjaround —20 to —12° because of the
following reason. The "-" means that the peripheu#ting edge rake faces 16a to 16f
incline on the rear side in the rotation directaith respect to a straight line in the
radial direction passing through the rotation &is With the peripheral cutting edge
rake angle$l andp2 < —20° (absolute values of the rake an@lesndp2 are larger
than 20°), the cutting ability of the peripherattowg edges 13a to 13f is likely to be
deteriorated. Meanwhile, wifhil andp2 > -12° (the absolute values of the rake
angles31 andB2 are smaller than 12°), since the rigidity of plegipheral cutting edges
13ato 13f is likely to be deteriorated, making steble cutting difficult.

[0058]

It is appropriate that helix angle$ andy2 of the end mill 40 shown in Fig. 4
and Fig. 9 are in a range of around 35 to 55°,4nhtb 50° is more preferable because
of the following reason. With the helix anglgsandy2 < 35°, since the cutting
resistance that the respective peripheral cuttilggee 13a to 13f receive in the rotation
direction in the thrust process is large, makirggtable cutting work difficult.
Meanwhile, with the helix angled andy2 > 55°, the thrust process and the helical
process in the axis direction of the end mill 4@sgthens a power of the respective
peripheral cutting edges 13a to 13f pulling upwiloek material, resulting in a failure of

the stable cutting. Additionally, this thins argedhickness of the corner radius edges
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3a to 3f, and deterioration in cutting edge strengtikely to cause a chipping, a break,
or a similar defect.
[0059]

To secure the stability during the cutting by tieeist process and the helical
process, as illustrated in Fig. 6, the core diamete of the end mill 40 is configured be
60 to 75% of the tool diameter D illustrated in Fgand more preferably in a range of
65 to 70%. As illustrated in Fig. 6, the shapé¢hef flutes 20a to 20f including the
peripheral cutting edge rake faces 16a to 16f véheross section perpendicular to the
rotation axis O of the end mill 40 is viewed in tloéation axis O direction is a curved
surface. Here, assuming that an area of a ciesleng the tool diameter D of the end
mill 40 as a diameter as S, it is appropriate ghattm of the areas of the plurality of
flutes 20a to 20f on the cross sections of thepperal cutting edges 13a to 13f
perpendicular to the rotation axis O is in a raofaround 0.3 to 0.4S. The sum of the
areas of the flutes 20a to 20f with respect toattea S of the end mill 40 on the cross
section of the end mill 40 perpendicular to thatioh axis O is employed as an index
indicative of a quality of dischargeability of tewarfs through the flutes 20a to 20f.
[0060]

With the sum of the areas the flutes 20a to 20ésd than 0.3S, since the
dischargeability of swarfs is likely to be deteatsd, the end mill 40 is likely to cause a
breakage. With the sum of more than 0.4S, itffecdit to maintain an optimal wedge
angle. This extremely deteriorates the rigidityted end mill 40, increasing a
possibility of the breakage in the end mill 40. cAdding to these points, the sum of
the areas of the flutes 20a to 20f in a range @firadl 0.3 to 0.4S secures the good swarf
dischargeability through the wide flutes 20a to jfions.

[0061]
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In the case where the cutting work is performedhendifficult-to-cut material
at the cutting velocity Vc exceeding 300 m/min,esally at an ultrahigh speed
exceeding 500 m/min using an end mill manufactufeal cemented carbide tool, which
is widely employed as the cutting tool generallyexcessive cutting load is more likely
to generate the breakage in the end mill. In @sttio this, the present invention uses
the end mill 40 whose base material is especialhsttuted of a silicon nitride-based
ceramic as described above. Therefore, even wigenltrahigh speed cutting work is
performed with the core diameter of 60 to 75%,high heat resistance reduces a
damage of the tool small for a long period, therebguring continuing the cutting
without the breakage. Consequently, provisionalen if abrasion occurs in the
cutting edges 1A, the cutting edges 1A after thrasibn, especially a section from the
end cutting edges 2a to 2f to the corner radiuge@g to 3f can function as the cutting
edges thereatter.

[0062]

With end mills 40 and 60 of the present invent@awcutting edge ridgeline
portion of the cutting edge 1A is processed toehile slight curvature, thus ensuring
improving the cutting edge strength and extendurgrg life. In this case, a
curvature radius of the cutting edge ridgelinethefend cutting edges 2a to 2f is
preferably smaller than a curvature radius of thiéirg edge ridgelines of the
peripheral cutting edges 13a to 13f. The curvatadeus of the cutting edge ridgelines
of the end cutting edges 2a to 2f is more prefgritbim 1.0um to 4.0um. The
curvature radius of the cutting edge ridgelinethefperipheral cutting edges 13a to 13f
iIs more preferably from 4/m to 15.0um. The above-described effects improve the
cutting edge strength of the peripheral cuttingesdt@a to 13f whose peripheral

velocity is fast and load during the cutting igglaiand also can enhance the
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machinability of the end cutting edges 2a to 2f sénperipheral velocity is slow.
[0063]

Fig. 7 to Fig. 11 illustrate manufacturing exanspdé the six-flute radius type
end mill 60. With the case of the six flutes, doafiguration of the respective cutting
edges 1A and configurations of the respective fakes continuous with the front side
of the cutting edges 1A in the rotation directiow @he respective flanks continuous
with the rear side in the rotation direction do aleange from the case of the four flutes
in principle. Fig. 7 to Fig. 11 illustrate the s 20a to 20f formed on the rear side of
the corner radius edge second surfaces 5a totbéirotation direction. These flutes
20a to 20f double as the corner radius edge thifdces 7a to 7d.

[0064]
(Working Example)

The following shows results of comparisons betwibenend mill 60 as
Working Example 1 of the present invention that thesabove-described requirements
and end mills of Comparative Examples 1 and 2dbatot have the requirements of
the present invention used for side surface working work material in Table 1.

While the end mill 60 of the present invention @ns$ a SiAION-based ceramic as a
base material, base materials of the end millsawhgarative Examples 1 and 2 are a
cemented carbide, and a hard coating is performexdidaces of the tools. Example
of Present Invention 1 differs from Comparative fpées 1 and 2 in these points.
Comparative Example 2 differs from Example of Pné$evention 1 and Comparative
Example 1 in that the cutting velocity Vc is configd slow to avoid a high cutting
temperature. The end mill 60 of Example of Pregargntion 1 and the end mill of
Comparative Example 1 performed the cutting unaeilar processing conditions.

Meanwhile, Comparative Example 2 employed sideasertutting conditions of an
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Ni-based heat-resistant alloy for a general ultrdnadius end mill as the process

conditions.

[0065]

[Table 1]

Example of present invention 1 Comparative example 1 | Comparative example 2

Tool material Ceramic Cemented carbide

Work material Ni-based heat-resistant alloy

Tool diameter [mm)] o 10

Number of flutes Six flutes

Rotation rate [min—1] 20000 20000 2548
Cutting speed [m/min] 628 628 80
Feed speed [mm/min] 3600 3600 611
Feed per flute [mmt] 0.03 0.03 0.04
Amount of axial notch [mm] 7 7 6
Amount of radial notch [mm] 0.3 0.3 0.5
Amount of discharged swarf Q [cc/min] 7.56 7.56 1.83
Life span [m] 25 0.2 5
Total amount of discharged swatf Qt [cc] 53 0.4 15
Process time until life ends [min] 7 0.056 8.2
[0066]

It is found from Table 1 that, the end mill 60Eample of Present Invention 1
did not cause a breakage up to 25 m, and was@plertorm the cutting work on the
Ni-based heat-resistant alloy in a short periodesaninutes (life span, process time).
In contrast to this, with the end mill of CompavatExample 1, the tool largely
fractured immediately after the start of cutting2(h); therefore, there was no choice
but to halt the cutting work. Although the procésse until its life ends under the
conditions of Comparative Example 2 is longer ttiaat of Example of Present
Invention 1 by around 1.17 times (8.2 minutes), Garative Example 2 was able to
perform the process only up to 5 m, which is 1/%heflife span of Example of Present
Invention 1, and the amount of discharged swarfovdg around 1/3.5 (28%) of that of
Example of Present Invention 1.
[0067]

A reason that the end mill of Comparative Examipleas fractured was

considered as follows. The cutting temperature stasply increased by the ultrahigh
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speed cutting, and this largely exceeded heattaesisemperatures of the coating and
an ultrahard base material. This peeled off treing and therefore abrasion of the
exposed ultrahard base material rapidly progress&thce Comparative Example 2
configured the cutting velocity slower than thaGamparative Example 1 (1/7.85
(12.7%)), the cutting temperature was able to deaed at a temperature lower than
that of Comparative Example 1. However, a softgmange of the Ni-based
heat-resistant alloy (work material) is the higmperature, about 1,000°C or more.
Accordingly, the cutting temperature of the worktengal cannot be increased up to the
softening range with the conditions for Comparatxample 2 met. Consequently, it
is considered that, since the work material wasatthe cutting temperature not
reaching the softening range, this progressedutieng edge abrasion and the chipping
occurred in the early stage.

[0068]

The end mill of the present invention whose baa&enal is the ceramic
features the higher heat resistance through thepanson with Comparative Examples
land 2. This property allows performing the ditgh speed cutting with the cutting
temperature increased up to 1,000°C or more, wikitle temperature of the softening
range of the Ni-based heat-resistant alloy. ¢issidered that this reduces the

abrasion of the cutting edge, thereby avoidingcthipping.

DESCRIPTION OF REFERENCE SIGNS
[0069]

1..... cutting edge portion

1A ... cutting edge

2ato2f ...... end cutting edge
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3ato3f...... corner radius edge

dato 4f ...... end cutting edge second surface
5ato5f...... corner radius edge second surface
6ato 6f ...... end cutting edge third surface
7ato7d...... corner radius edge third surface
8...... first gash

8ato8f...... first gash surface

9..... second gash

9ato9of ...... second gash surface

10 ...... center cut edge portion

10ato 10f ...... center cut edge

10Ato 10F ...... center groove

llato 11f ...... end cutting edge rake face

12ato 12f ...... corner radius edge rake face

13ato 13f...... peripheral cutting edge

l4ato 14f ...... peripheral cutting edge second sarfac
15ato 15f ...... peripheral cutting edge third surface
16ato 16f ...... peripheral cutting edge rake face

20ato 20f ...... flute

30 ...... shank portion

40 ...... four-flute radius end mill
60 ...... six-flute radius end mill
Wc ...... width of center groove
D..... tool diameter

Dw ...... core diameter
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F1toF6 ...... connecting point of center cut edgdénwitd cutting edge
O..... rotation axis
(VA concave slope angle

B1,p2 ...... peripheral cutting edge rake angle

v1,vy2 ...... helix angle
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CLAIMS

1. A ceramic end mill comprising

a cutting edge portion that includes a pluralitguatting edges and gashes, the
plurality of cutting edges being arranged on aatlishd portion side of a tool body in an
axis direction spaced in a rotation direction, gashes being formed between the
cutting edges adjacent in the rotation directiohexein:

the respective cutting edges include center cgégdend cutting edges, and
peripheral cutting edges, the center cut edgeglibgposed from parts close to a
rotation axis to an outer peripheral side in aabdirection, the center cut edges facing
the rotation axis, the end cutting edges beingicoats with the center cut edges, the
peripheral cutting edges being continuous frometie cutting edges to a tool rear end
side, and

respective center grooves are formed on rear sidine center cut edges and
the end cutting edges in the rotation directionticoous in the radial direction, the
center grooves being continuous with positions eterd cutting edge second surfaces
face the rotation axis, alternatively, the centeoges being continuous with positions
where the end cutting edge second surfaces apptioachtation axis, the end cutting
edge second surfaces being laid between the carttedges and the end cutting edges,
the respective center grooves being formed betweeand cutting edge second
surfaces and the center cut edges positioned earaide of the end cutting edge
second surfaces in the rotation direction, thearggrooves passing on the rotation axis,
the center grooves doubling as rake faces of thgertive center cut edges, the center

grooves being continuous with the gashes.

2. The ceramic end mill according to claim 1, winere
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the center grooves are formed into strip shap#sawniform or gradually
changing width from the rotation axis to the gasiibeen an end surface of the cutting

edge portion is viewed in the rotation axis directi

3. The ceramic end mill according to claim 1 oiral2, wherein
corner radius edges are continuous with an oateplperal side of the
respective end cutting edges in the radial directilbe respective peripheral cutting

edges being continuous from the corner radius etbgi®e tool rear end side.

4. The ceramic end mill according to any one oincla to claim 3, wherein

the end cutting edges have concave slope angles.

5. The ceramic end mill according to any one oincla to claim 4, wherein

the end mill contains a SIAION as a base material.

6. A method for cutting a difficult-to-cut materi@omprising

cutting a difficult-to-cut material using the cerig end mill according to any
one of claim 1 to claim 5, wherein

the cutting cuts the difficult-to-cut material warotating the ceramic end mill

at a cutting velocity Vc of 500 to 1200 m/min.



