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(54) ROTARY CUTTING TOOL

(67)  Providedisarotary cutting tool that can increase
the overall flexural rigidity of blades used therein, even
with blades having small thicknesses. A cutter head for
woodworking has fitting grooves formed at circumferen-
tial four positions on an outer peripheral side of a body.
The fitting groove is curved in small measure in an arc
shape in a direction opposite to a direction of rotation of
the body. The fitting groove is symmetric on both sides
of the body. The fitting grooves are each mounted with
a blade and a wedge bar. The blade is a long and thin
plate having a nearly rectangular shape and elastically

deformable. The blade is made of a steel material or a
cemented carbide and about 0.5 mm in thickness. The
blade is curved in an arc shape that corresponds to the
shape of the fitting groove in a direction opposite to a
direction of rotation R and then fixated in the curved state.
A twist angle representing an angle of inclination of a
cutting edge in each blade from a shaft center on an outer
peripheral surface of the body is a negative twist angle
that changes in a curve on the side of one end surface
of the body but is a positive twist angle that changes in
a curve on the side of the other end surface of the body.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a rotary cutting
tool, for example, a planar head, a milling cutter with a
shaft, and a cutter head for molder equipped with plate-
shaped blades.

BACKGROUND ART

[0002] A known example of such rotary cutting tools is
disclosed in the Patent Document 1; a cutter head for
woodworking where straight knives, which are straight
cutting blades, are fitted in blade grooves that are formed
in the outer peripheral surface of the body of the cutter
head in parallel with the axial direction thereof. When the
straight knives are used, however, a cutting resistance
generated while a work material is being cut is applied
to all of the blades at the same time, and the blades, if
having a small flexural rigidity, are easily buckled. To
avoid the problem, it is necessary that the blades should
be increased in thickness to ensure a flexural rigidity.
This requires a large volume of expensive blade materi-
als, unnecessarily increasing the cost of the blades. An-
other problem with the straight knives is loud noises dur-
ing the cutting operation that may worsen the work envi-
ronment.

[0003] A known cutting device for woodworking dis-
closed in the Patent Document 2, for example, deals with
such a noise problem. The cutting device has fitting
grooves spirally formed in the outer peripheral surface
of its cutter head, and blades spirally twisted are fitted in
the fitting grooves. According to the cutting device, the
cutting resistance generated while the work material is
being cut is applied to the blades along the spirals, and
thus noises during the cutting operation are effectively
reduced. However, the blades of this cutting device also
have a relatively small flexural rigidity, though it may not
be as small as that of the straight knives, and the problem
of buckling remains unsolved with thin blades. This cut-
ting device has other problems described below. A lateral
force is applied to the work material on one end side of
the blade, which easily causes burr and/or chipping at
an either side edge of the work material. These unfavo-
rable events more easily occur in work materials made
of fibrous woods having directionality. Further, the work
material is subject to the force exercised by the twisted
blade in one of the lateral directions. The application of
the force moves the work material in the lateral direction,
thereby destabilizing the cutting operation.

CITATION LIST
Patent Document

[0004]

10

15

20

25

30

35

40

45

50

55

Patent Document 1: Japanese Patent No. 3474503
Patent Document 2: Japanese Patent Application
Laid-Open No. 50-54974

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] The invention is accomplished to solve these
problems. The invention provides a rotary cutting tool
wherein the flexural rigidity of overall blades used therein
is increased so that a cutting operation can be stably
performed even with thin blades. The invention further
provides a rotary cutting tool that can avoid the occur-
rence of burr and/or chipping at both side edges of a work
material and facilitate the flow of chips generated from
the work material during the cutting operation.

MEANS FOR SOLVING PROBLEMS

[0006] In order to achieve the above object, a rotary
cutting tool according to the invention has blades having
an equal thickness and fitted on an outer peripheral sur-
face of a body of the tool that rotates around a shaft cent-
er, wherein, assuming a direction of rotation of the body
as a direction of 12 o’clock, a twist angle representing an
angle of inclination of a cutting edge in each blade from
the shaft center is positive when the cutting edge is in-
clined clockwise from the shaft center but is negative
when the cutting edge is inclined counterclockwise from
the shaft center, and the cutting edge includes a portion
inclined through the positive twist angle and a portion
inclined through the negative twist angle.

[0007] According to the invention, the cutting edge in-
cludes the portions respectively inclined clockwise
through the positive twist angle from the shaft center of
the body and inclined counterclockwise through the neg-
ative twist angle from the shaft center. Then, the depth
of each blade is three-dimensionally secured in the cir-
cumferential direction, and the blade thereby has a higher
flexural rigidity than its original flexural rigidity before
bending. This technical feature imparts a high flexural
rigidity even to thin blades. According to the invention,
the bent blades are used. This prevents that the whole
cutting edge contacts a work material at once, thereby
succeeding in noise reduction during the cutting opera-
tion. According to the invention, the cutting edge includes
the portions respectively inclined through the positive and
negative twist angles, oppositely directed forces are lat-
erally applied to the work material during the cutting op-
eration and hence counteract each other. This controls
a cutting resistance imposed on the work material during
the cutting operationin one of the lateral directions, there-
by preventing the work material from moving in the lateral
direction. As a result, the cutting operation performed by
the rotary cutting tool is stabilized.

[0008] According to the invention, preferably, the
blades are bent in a protruding shape in a direction op-
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posite to the direction of rotation of the body, and the
twist angles of the both end portions of the cutting edge
are positive and negative. Thereby, an inward force gen-
erated by the cutting edge is applied to the work material
on both end sides of the cutting edge during the cutting
operation. With this technical feature, the invention ef-
fectively prevents the occurrence of burr and/or chipping
at the both side edges of the work material.

[0009] Further, according to the invention, the blades
may be bent in a protruding shape in the direction of
rotation of the body, and the twist angles of the both end
portions of the cutting edge may be positive and negative.
Thereby, chips generated while the material is being cut
can be discharged from the center to two opposite ends
of the blade on both end sides of the cutting edge. With
this technical feature, the invention facilitates the flow of
the chips.

[0010] Further, according to the invention, when the
blades are each set with an apex of the bend of the blade
being displaced from the center of the blade in a cutting
device where a side edge of the work material is a refer-
ence position, a point of division between the positive
and negative twist angles of the cutting edge may be
provided in vicinity of an end part of the body. With this
technical feature, the twist angles of the cutting edge are
always positive and negative at the both side edges of
any work materials having small widths. In the invention
when the blade is bent in a protruding shape in the di-
rection opposite to the direction of rotation, therefore, the
occurrence of burr and/or chipping is effectively prevent-
ed from happening at the both side edges of the work
material irrespective of any widths of the work material.
On the other hand, when the blade is bent in a protruding
shape in the direction of rotation, the flow of chips can
be facilitated.

[0011] Further, according to the invention, the rotary
cutting tool may have a structure where the blades are
inserted in fitting grooves of the body and held down
therein by using wedge bars, and the blades having flat
bottom surfaces are received by flat bottom surfaces of
the fitting grooves. With this technical feature, the pro-
duction of the blades and fitting grooves is simplified, and
the blades can be easily and accurately fitted in the fitting
grooves.

EFFECT OF THE INVENTION

[0012] According to the invention, the cutting edge in-
cludes the portions respectively inclined clockwise
through the positive twist angle and inclined counter-
clockwise through the negative twist angle. The depth of
each blade is three-dimensionally secured in the circum-
ferential direction, and the blade thereby has a higher
flexural rigidity than its original flexural rigidity before
bending. As a result, the blades can be reduced in thick-
ness and accordingly reduced in price. Then, the rotary
cutting tool can be made available at low prices. Accord-
ing to the invention, the blades are bent in a protruding

15

20

25

30

35

40

45

50

55

shape in the direction opposite to the direction of rotation
of the body, and the twist angles at both ends of the cut-
ting edge are positive and negative. This effectively pre-
vents the occurrence of burr and/or chipping at the both
side edges of the work material. This technical advantage
is particularly effective with work materials made of fi-
brous woods having directionality. According to the in-
vention, the blades are bent in a protruding shape in the
direction of rotation of the body, and the twist angles at
both ends of the cutting edge are positive and negative.
This facilitates the flow of chips generated by the cutting
operation.

[0013] According to the invention, when the blade is
installed in a cutting device where a side edge of the work
material is a reference position, the point of division be-
tween the positive and negative twist angles of the cutting
edge may be provided in vicinity of an end part of the
body. As a result, the twist angles of the cutting edge are
always positive and negative at the both side edges of
any work materials having small widths. According to the
invention, depending on whether the blade is bent in a
protruding shape in the direction of rotation or the direc-
tion opposite thereto, the flow of chips is facilitated or the
occurrence of burr and/or chipping is prevented from hap-
pening at the both side edges of the work material irre-
spective of any widths of the work material. According to
the invention, the blades are inserted in fitting grooves
formed in the body and held down therein by using wedge
bars, and the blades having flat bottom surfaces are re-
ceived by flat bottom surfaces of the fitting grooves. As
a result, the blades and the fitting grooves can be easily
produced with low cost, and the blades can be easily and
accurately fitted in the fitting grooves.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a front view of a cutter head according to an
example 1 of the invention.

Fig. 2 is a right side view of the cutter head.

Fig. 3 is a cross-sectional view of the illustration of
Fig. 1 along the direction of a line IlI-11l.

Fig. 4 is a cross-sectional view of the illustration of
Fig. 1 along the direction of a line IV-IV.

Fig. 5A is a front view of a blade in a curved state.
Fig. 5B is a bottom view of the curved blade.

Fig. 5C is a right side view of the curved blade.

Fig. 6A is a front view of a wedge bar.

Fig. 6B is a bottom view of the wedge bar.

Fig. 6C is a right side view of the wedge bar.

Fig. 7 is an illustration of a twist angle of a cutting
edge.

Fig. 8 illustrates a shape of the blade fitted in the
cutter head according to a modified example 1 of the
invention.

Fig. 9 illustrates a shape of the blade fitted in the
cutter head according to a modified example 2 of the
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invention.

Fig. 10 illustrates a shape of the blade fitted in the
cutter head according to a modified example 3 of the
invention.

Fig. 11 illustrates a shape of the blade fitted in the
cutter head according to a modified example 4 of the
invention.

Fig. 12 illustrates a shape of the blade fitted in the
cutter head according to a modified example 5 of the
invention.

Fig. 13 illustrates a shape of the blade fitted in the
cutter head according to a modified example 6 of the
invention.

Fig. 14 illustrates a shape of the blade fitted in the
cutter head according to a modified example 7 of the
invention.

Fig. 15 illustrates a shape of the blade fitted in the
cutter head according to a modified example 8 of the
invention.

Fig. 16 is a front view of a cutter head according to
an example 2 of the invention.

Fig. 17 is a right side view of the cutter head.

Fig. 18A is a front view of a blade in a curved state.
Fig. 18B is a bottom view of the curved blade.

Fig. 18C is a right side view of the curved blade.
Fig. 19 illustrates a shape of the blade fitted in the
cutter head according to a modified example 9 of the
invention.

Fig. 20 illustrates a shape of the blade fitted in the
cutter head according to a modified example 10 of
the invention.

Fig. 21 illustrates a shape of the blade fitted in the
cutter head according to a modified example 11 of
the invention.

Fig. 22 illustrates a shape of the blade fitted in the
cutter head according to a modified example 12 of
the invention.

Fig. 23 illustrates a shape of the blade fitted in the
cutter head according to a modified example 13 of
the invention.

Fig. 24 illustrates a shape of the blade fitted in the
cutter head according to a modified example 14 of
the invention.

Fig. 25 illustrates a shape of the blade fitted in the
cutter head according to a modified example 15 of
the invention.

Fig. 26 illustrates a shape of the blade fitted in the
cutter head according to a modified example 16 of
the invention.

Fig. 27 is a plan view of a router bit according to an
example 3 of the invention.

Fig. 28 is a front view of the router bit.

Fig. 29 is a right side view of the router bit.

Fig. 30 is a cross-sectional view of the illustration of
Fig. 28 along the direction of a line A-A.

Fig. 31A is a front view of a blade.

Fig. 31B is a bottom view of the blade.

Fig. 32A is a front view of a blade according to a

10

15

20

25

30

35

40

45

50

55

modified example 17 of the invention.
Fig. 32B is a bottom view of the blade according to
the modified example 17.

MODES FOR CARRYING OUT THE INVENTION

[0015] An embodiment of the invention is hereinafter
described referring to the drawings. Figs. 1, 2, 3, and 4
are respectively a front view, a right side view, a cross-
sectional view along the direction of a line lll-lll, and a
cross-sectional view along the direction of a line IV-IV of
a cutter head for woodworking according to an example
1 of the invention. This cutter head is illustrated as an
example of the rotary cutting tool according to the inven-
tion, examples of which are cutter head and planar head.
[0016] A cutter head forwoodworking 10 has four fitting
grooves 13 formed in a body 11 made of a metal. The
body 11 has an elongated cylindrical shape with a shaft
hole 12 formed at the center thereof. The fitting grooves
13 are formed in an identical shape at four positions cir-
cumferentially spaced at equal intervals on the outer pe-
riphery of the body 11. The fitting grooves 13 are dented
substantially in radial directions of the body 11 and pen-
etrating through between end surfaces 11a and 11b
along the axial direction of the body 11. As illustrated in
Fig. 2, thefitting grooves 13 each has a nearly rectangular
shape in cross section when viewed from the lateral side.
According to this example, vicinity of the end surface 11a
is a reference position at which a work material is posi-
tionally adjusted.

[0017] The fitting groove 13 is curved in an arc shape
in a direction opposite to a direction of rotation R of the
body 11. The fitting groove 13 has a shape symmetric
about the axial direction of the body 11. The fitting groove
13 is inclined so that a rake angle is a positive angle. A
front wall surface 14 and a rear wall surface 15 of the
fitting groove 13 are respectively located on the forward
side and the backward side in the direction of rotation.
These front and rear wall surfaces are equally spaced
from each other along the entire length of the fitting
groove 13. A bottom wall surface 16 of the fitting groove
13 is a flat surface perpendicular to the front and rear
wall surfaces 14 and 15 and extending in parallel with
the axial direction. An angle of inclination of the rear wall
surface 15 from the radial direction represents a rake
angle § that equals 15° on the end surfaces 11aand 11b
of the body 11 when a blade 21, which will be described
later, is already mounted. The angle of inclination in-
creases along the curve of the fitting groove 13 up to 25°
at a maximum at the center of the body 11 in the longi-
tudinal direction thereof. As described, the fitting groove
13 is curvedin an arc shape, and the bottom wall surface
16 of the fitting groove 13 is in parallel with the shaft.
Hence, upper edges of the front and rear wall surfaces
14 and 15 are each recessed in a curved arc shape rel-
ative to the bottom wall surface 16 when viewed from the
forward side in the direction of rotation.

[0018] The body 11 has dented notches 17 formed in
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the direction of rotation R at positions near the upper
edges of the front wall surfaces 14. The dented notches
17 are curved and dented in small measure from the outer
peripheral surface and extending between the both ends
of the body 11 in the axial direction thereof. The body 11
further has fitting holes 18. The fitting holes 18 are formed
more forward in the direction of rotation R than the dented
notches 17 at five positions; a middle position and posi-
tions near the right-hand and left-hand ends in the axial
direction, and intermediate positions therebetween. The
fitting holes 18 are through holes extending substantially
in parallel with one another. The fitting holes 18 are each
extending through to the fitting groove 13 along a direc-
tion perpendicular to the shaft of the body 11 and a di-
rection of inclination of the dented notch 17. The fitting
holes 18 each has a cylindrical entry part 18a exposed
from the surface of the body 11, and a threaded part 18b
constituting a thread groove at the tip of the entry part
18a. In the fitting hole 18, a bolt 19 is inserted from the
side of the entry part 18a and screwed into the threaded
part 18b so that a tip side of the bolt 19 protrudes into
the fitting groove 13.

[0019] The fitting grooves 13 is each mounted with a
blade 21 and a wedge bar 24. As illustrated in Figs. 5A
to 5C, the blade 21 is along and thin plate having a nearly
rectangular shape and elastically deformable. The blade
21 is made of a steel material or a cemented carbide and
approximately 0.5 mm in thickness. The blade 21 curved
as illustrated in the drawings has a length almost equal
to that of the fitting groove 13. Referring to Fig. 5B, a
fitting surface 21a of the blade 21 on the lower edge side
is straight, and a flank face 21b of the blade 21 on the
upper edge side having a cutting edge 21c has an arc
shape whose center in the longitudinal direction of the
flank face 21b is recessed inward. The flank face 21b of
the blade 21 has a clearance angle that equals 0°. In the
blade 21, a predefined area of a rake face 21d including
the cutting edge 21c on one side thereof is coated with
a hard film 22. The hard film 22 is a chromium nitride film
containing CrN, Cr,N or a mixture of CrN and CryN. The
thickness of the hard film 22 is approximately 0.5 to 10
pm.

[0020] As illustrated in Figs. 6A to 6C, the wedge bar
24 has an elongated square bar shape that is curved in
an arc shape that corresponds to the shape of the fitting
groove 13. In the wedge bar 24, a front side surface 24a
on the forward side in the direction of rotation and a rear
side surface 24b on the backward side in the direction of
rotation have an equal overall length, and a bottom sur-
face 24c is a flat surface extending perpendicular to the
front side surface 24a and the rear side surface 24b. De-
scribing the curved shape of the wedge bar 24, the front
side surface 24a is recessed and the rear side surface
24b is bulging. An upper surface 24d of the wedge bar
24 is recessed in a curved arc shape between the front
side surface 24a and the rear side surface 24b for chips
to be collected therein. In the front side surface 24a near
the upper surface 24d, securing holes 25 are formed at
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five positions; a middle position and positions near the
right-hand and left-hand ends in the longitudinal direc-
tion, and intermediate positions therebetween. With the
wedge bar 24 having been inserted in the fitting groove
13, the securing hole 25 is located coaxial with the fitting
hole 18 of the body 11 at a position corresponding to a
position where the fitting hole 18 is opening in the fitting
groove 13.

[0021] For the blade 21 and the wedge bar 24 to be
fitted in the fitting groove 13 of the body 11, first, the
wedge bar 24 is inserted in the fitting groove 13. Then,
the bottom surface 24c is placed on the bottom wall sur-
face 16 of the fitting groove 13, and both ends of the
wedge bar 24 are adjusted to be flush with the end sur-
faces 11a and 11b of the body 11. Then, the blade 21,
being curved with the rake face 21d thereof facing the
wedge bar 24, is inserted and fitted in an arc-shaped
interval between the rear wall surface 15 of the fitting
groove 13 and the rear side surface 24b of the wedge
bar 24. The fitting surface 21a is then pushed against the
bottom wall surface 16 of the fitting groove 13. Then, the
bolt 19 is inserted in the fitting hole 18 from the side of
the entry part 18a, and screwed into the threaded part
18b and fastened. As a result, a tip of the bolt 19 is in-
serted in the securing hole 25 formed in the front side
surface 24a of the wedge bar 24 so as to press down the
wedge bar 24. Further, the blade 21 is pushed against
the rear wall surface 15 of the fitting groove 13. As a
result, the blade 21 and the wedge bar 24 are firmly se-
cured in the fitting groove 13. The blade 21 can be bent
in an arc shape and then fitted in the fitting groove 13.
By such a simple handling that does not need twisting,
the blade 21 can be easily fitted in the fitting groove 13.
[0022] The blade 21 is suitably adjusted to the shape
of the fitting groove 13 and secured therein, and the flank
face 21b including the cutting edge 21c of the blade 21
protrudes by 0.5 mm from the outer peripheral surface
of the body 11. The ridges of the upper surface 24d and
the rear side surface 24b of the wedge bar 24 are situated
inward by approximately 1 mm from the cutting edge 21c
of the blade 21. The upper surface 24d is adjusted to
incline by an equal degree to the inclination of the dented
notch 17 exposed from the outer peripheral surface of
the body 11. By thus providing the upper surface 24d of
the wedge bar 24 and the dented notch 17 of the body
11 on the side of the rake face 21d of the blade 21, chips
generated by the cutting operation are smoothly dis-
charged.

[0023] After the blade 21 is held down in the fitting
groove 13 of the body 11 by using wedge bars and there-
by securely fitted therein, a twist angle, which is an angle
of inclination of the cutting edge 21c from the shaft center
on the outer peripheral surface of the body 11, is a neg-
ative twist angle that changes in a curve on the side of
the end surface 11a of the body 11 but is a positive twist
angle that changes in a curve on the side of the other
end surface 11b of the body 11. As illustrated in Fig. 7,
assuming the direction of rotation R of the body 11 as a
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direction of 12 o’clock, the twist angle 6 of the cutting
edge 21c is positive when the cutting edge is inclined
clockwise (CW) from a shaft center J butis negative when
the cutting edgeis inclined counterclockwise (CCW) from
the shaft center J. The four blades 21 securely fitted in
the fitting grooves 13 of the body 11 are subjected to
jointing with grindstone to correct any variability of outer
diameters of the cutting edges 21c. Since the blades 21
according to the example are as small in thickness as
approximately 0.5 mm, the jointing conventionally target-
ed for cutting edges may be performed to all of the outer
peripheral flank faces 21b. The flank faces 21b are sub-
jected to cylindrical grinding and thereby formed in an
arc shape with aconstantradius, and the clearance angle
y becomes 0°.

[0024] According to the example 1 described so far,
eachblade 21isbentina protruding shapein the direction
opposite to the direction of rotation of the body 11, and
the twist angles on the sides of the end surfaces 11a and
11b of the blade 21 are negative and positive. Then, the
depth of each blade 21 is three-dimensionally secured
in the circumferential direction, and the flexural rigidity of
the blade 21 is thereby increased. This technical feature
of the example 1 certainly promises such a high flexural
rigidity although the thickness of each blade 21 is as small
as approximately 0.5 mm. In consequence of that, the
use of any costly materials for the blades 21 is minimized
in the example 1, and the blades 21 can be made avail-
able at prices far lower than those of the conventional
blades having thicknesses of approximately 3 mm. Ac-
cording to the example 1, on the both end sides of the
cutting edge 21c are the portions inclined through the
positive and negative twist angles. Therefore, oppositely
directed forces are laterally applied to the work material
during the cutting operation and hence counteract each
other. This controls a cutting resistance imposed on the
work material during the cutting operation in one of the
lateral directions, thereby preventing the work material
from moving in the lateral direction. As aresult, the cutting
operation performed by the cutter head 10 is stabilized.
[0025] According to the example 1, each blade 21 is
curved in an arc shape in the direction opposite to the
direction of rotation R, and the twist angles 6 at the both
end portions of the blade 21 are negative and positive.
Thereby, an inward force generated at the cutting edge
21cis applied to the work material at the both side edges
thereof. This effectively prevents the occurrence of burr
and/or chipping at the both side edges of the work ma-
terial. This technical advantage is particularly effective
with work materials made of fibrous woods having direc-
tionality. According to the example 1, the bent blades 21
are used. This prevents that the whole cutting edge 21c
contacts a work material at once, thereby succeeding in
noise reduction during the cutting operation.

[0026] Since the thickness of each blade 21 is reduced
in the example 1, the flank face 21b and the clearance
angle can be both reduced. As a result, a wear width of
the flank face 21b can be reduced to an extent of [blade
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thickness + cos (rake angle 3) + cos (twist angle 6)].
According to the example 1, the rake face 21d is coated
with the hard film 22. This avoids excessive abrasion of
the rake face 21d, thereby providing a better durability.
According to the example 1, the rake face 21d is coated
with the hard film 22, and thus the abrasion of the flank
face 21b of the blade 21 is more aggressive than the rake
face 21d. This avoids any heavy contact between the
flank face 21b and the work material, thereby reducing
the cutting resistance of the blade 21. The portion with
the shaft hole 12 in the body 11 according to the example
1 may be formed in compliance with the hydroclamp
spec, in which case positions of the cutting edges can
be very accurately set. The wedge bar 24 may be pro-
vided in one piece or may be divided in several short
pieces.

[0027] Next, modified examples 1 to 8 of the example
1 are hereinafter described referring to Figs. 8 to 15. The
modified examples 1 to 8 illustrate different arrange-
ments of the blade according to the example 1. The draw-
ings illustrate the blade alone, omitting the fitting groove
and the wedge bar. According to the example 1, the both
ends of the blade 21 are situated on a line in parallel with
the shaft center. According to the modified example 1,
two ends of a blade 21A are not both situated on a line
(K) in parallel with the shaft center as illustrated in Fig. 8.
[0028] Accordingtothe example 1,theblade 21issym-
metric with the apex of curve thereof being positioned at
the center in the longitudinal direction. According to the
modified example 2, a blade 21B is located with an apex
of curve T being displaced to vicinity of the end surface
11a of the body 11 as illustrated in Fig. 9. According to
the modified example 2, the twist angles of the cutting
edge may be always negative and positive at both ends
in the cross direction of any work materials having widths
smaller than the length of the body 11. When a work
material made of a fibrous wood having directionality, for
example, is cut, the modified example 2 effectively con-
trols the occurrence of burr and/or chipping at both side
edges of such a work material irrespective of any widths
thereof.

[0029] In contrast to the blade 21 having one curved
portion according to the example 1, a blade 21C accord-
ing to the modified example 3 includes two continuous
arc-shaped portions forming a wavy shape as illustrated
in Fig. 10.

[0030] Instead of the blade 21 curved in an arc shape
according to the example 1, a blade 21D according to
the modified example 4 is symmetrically bent at the cent-
er in the longitudinal direction as illustrated in Fig. 11.
[0031] A blade 21E according to the modified example
5is similar to the blade according to the modified example
4 except that an apex of curve U is displaced to vicinity
of the end surface 11a of the body 11 as illustrated in
Fig. 12. Similarly to the modified example 2, the modified
example 5 can prevent the occurrence of burr and/or
chipping at the both side edges of the work material ir-
respective of any widths of the work material.



11 EP 2703 139 A1 12

[0032] In contrast to the blade 21D having one bent
portion according to modified example 4, a blade 21F
according to the modified example 6 includes a plurality
of bent portions that are continuously formed as illustrat-
ed in Fig. 13.

[0033] Asillustrated in Fig. 14, a blade 21G according
to the modified example 7 has an intermediate portion
linearly extending in parallel with the axial direction and
arc-shaped portions on both end sides thereof.

[0034] Instead of the blade 21C according to the mod-
ified example 3, the modified example 8 provides a blade
21H having one curved portion and a nearly half-length
curved portion that are continuous in an arc shape, form-
ing an S-like wavy shape as illustrated in Fig. 15. Similarly
to the example 1, these modified examples 1 to 8 ensure
a flexural rigidity with thin blades. The modified examples
1 to 7 accomplish the effect of burr and/or chipping pre-
vention at the both side edges of the work material. How-
ever, the modified example 8 alone fails to accomplish
such an effect on the side of one end surface of the body
11.

[0035] Anexample 2 of the invention is hereinafter de-
scribed referring to Figs. 16 and 17.

[0036] In contrast to the cutter head 10 according to
the example 1, a cutter head for woodworking 30 accord-
ing to the example 2 has fitting grooves 33 formed in an
outer peripheral surface of a cylindrical body 31 having
ashaft hole 32. Thefitting groove 33 is curvedinamanner
that protrudes in a direction of rotation R and has sym-
metric ends on both sides of the body 31. A wedge bar
37 is curved in a direction opposite to the direction illus-
trated in Fig. 6A.

[0037] As illustrated in Figs. 18A to 18C, a blade 35
fitted in the fitting groove 33 is an elastically deformable
thin plate made of the same material as that of the blade
21. In the illustration of Fig. 18B, a fitting surface 35a on
the lower edge side is straight, and a flank face 35b on
the upper edge side including a cutting edge 35c pro-
trudes outward in an arc shape. The flank face 35b of
the blade 35 has a clearance angle y that equals 0°. A
predefined area of a rake face 35d including the cutting
edge 35c on one side thereof is coated with a chromium
nitride hard film 36. The blade 35 is fitted in the fitting
groove 33 and held down with the wedge bar 37. The
blade 35 thus fitted is curved in a manner that protrudes
in the direction of rotation R of the body 31. Then, a twist
angle, which is an angle of inclination of the cutting edge
35c from the shaft center on the outer peripheral surface
of the body 31, is a positive twist angle that changes in
a curve on the side of an end surface 31a of the body 31
but is a negative twist angle that changes in a curve on
the side of the other end surface 31b of the body 31. The
positive and negative twist angles of the cutting edge 35¢
are similar to that of the example 1.

[0038] According to the example 2 described so far,
the blade 35 is bent in the direction of rotation R of the
body 31, and the twist angles of the cutting edge 35c on
the sides of the end surfaces 31a and 31b are positive
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and negative. Therefore, the depth of each blade 35 is
three-dimensionally secured in the circumferential direc-
tion, and the blade 35 thereby has a higher flexural rigidity
than its original flexural rigidity before bending. This tech-
nical feature of the example 2 certainly promises such a
high flexural rigidity although the thickness of each blade
35 is as small as approximately 0.5 mm. In consequence
of that, the use of any costly materials for the blades 35
is significantly reduced in the example 2 similarly to the
example 1, and the blades 35 can be made available at
prices far lower than those of the conventional blades
having the thicknesses of approximately 3 mm. Accord-
ing tothe example 2, the cutting edge 35c has the portions
inclined through the positive and negative twist angles
on the sides of the end surfaces 31a and 31b. Therefore,
oppositely directed forces are laterally applied to the work
material during the cutting operation and hence counter-
acteach other. This controls a cutting resistance imposed
on the work material during the cutting operation in one
of the lateral directions, thereby preventing the work ma-
terial from moving in the lateral direction. As a result, the
cutting operation performed by the cutter head 30 is sta-
bilized.

[0039] According tothe example 2, the blade 35 is bent
in a manner that protrudes in the direction of rotation R,
and the twist angles of the cutting edge 35c¢ on the both
end sides thereof are positive and negative. Thereby,
chips generated while the material is being cut can be
discharged sideways from the center of the work material
during the cutting operation. This technical feature be-
comes a particularly great advantage when cutting hard
objects made of materials such as metals and resins
where the occurrence of burr at side edges is less of a
problem. According to the example 2, the bent blades 35
are used. This prevents that the whole cutting edge 35¢
contacts the work material at once, thereby succeeding
in noise reduction during the cutting operation. Since the
thickness of each blade 35 is reduced to approximately
0.5 mm in the example 2, the flank face can be reduced.
As aresult, a wear width of the flank face can be reduced
to an extent of [blade thickness + cos (rake angle) + cos
(twist angle)]. Moreover, the rake face 35d is coated with
the hard film 36. This avoids excessive abrasion of the
rake face 35d, thereby providing a better durability sim-
ilarly to the example 1.

[0040] Referring to Figs. 19 to 26 are described mod-
ified examples 9 to 16 wherein the blade 35 according
to the example 2 is bent in different manners.

[0041] Describing a blade 35A according to the modi-
fied example 9 referring to Fig. 19, two ends of the blade
35A on both sides thereof are not both situated on a line
(K) in parallel with the shaft center.

[0042] Describing a blade 35B according to the modi-
fied example 10 referring to Fig. 20, an apex of curve V
of the blade 35B is displaced to vicinity of the end surface
31a of the body 31.

[0043] Describing a blade 35C according to the mod-
ified example 11 referring to Fig. 21, the blade 35C in-
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cludes, instead of just one curved portion, two continuous
portions that are curved in an arc shape forming a wavy
shape.

[0044] Describing a blade 35D according to the mod-
ified example 12 referring to Fig. 22, the blade 35D is not
curved in an arc shape but is symmetrically bent at the
center in the longitudinal direction.

[0045] Describing a blade 35E according to the modi-
fied example 13 referring to Fig. 23, an apex W of the
blade 35E is displaced to vicinity of the end surface 31a
of the body 31.

[0046] Describing a blade 35F according to the modi-
fied example 14 referring to Fig. 24, the blade 35F in-
cludes, instead of just one bent portion, a plurality of bent
portions that are continuously formed.

[0047] As illustrated in Fig. 25, a blade 35G according
to the modified example 15 has an intermediate portion
linearly extending in parallel with the axial direction and
arc-shaped portions on both end sides thereof.

[0048] Instead of the blade 35C according to the mod-
ified example 11, the modified example 16 provides a
blade 35H having one curved portion and a nearly half-
length curved portion that are continuous in an arc shape,
forming an S-like wavy shape as illustrated in Fig. 26.
Similarly to the example 2, these modified examples 9
to 16 ensure a flexural rigidity with thin blades. The mod-
ified examples 9, 10, 12, 13, and 15 accomplish the effect
of facilitating the discharge of chips generated by the
cutting operation. However, the modified examples 11,
14, and 16 fail to accomplish such an effect on the side
of one end surface of the body 31.

[0049] An example 3 of the invention is hereinafter de-
scribed referring to Figs. 27 to 30. A router bit for wood-
working 40 according to the example 3 is a milling cutter
with shaft to which the invention is applied, wherein
chamfer portions are provided on both end sides of
blades 51 as illustrated in Fig. 27. In the router bit 40, a
cylindrical body 41 and a shank unit 42 provided for the
body 41 to be mounted in a rotary cutting device are
coaxially coupled with each other. The body 41 has fitting
grooves 43 formed at symmetric two positions of an outer
peripheral surface thereof. The fitting groove 43 has a
front wall surface 44 and a rear wall surface 45 respec-
tively located on the forward side and the backward side
in a direction of rotation of R of the body 41. The front
wall surface 44 is a flat surface extending substantially
in a radial direction. The rear wall surface 45 is a surface
curved in an arc shape in a direction opposite to the di-
rection of rotation.

[0050] The fitting groove 43 further has a bottom wall
surface 46 that is a flat surface in parallel with the axial
direction. A wedge bar 55 and a blade receiver 61 are
inserted in the fitting groove 43, respectively on the side
of the front wall surface 44 and on the side of the rear
wall surface 45. The blade 51 is sandwiched between
the wedge bar 55 and the blade receiver 61. The blade
51 is a thin plate made of the same material as that of
the blade 21 according to the example 1. As illustrated
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in Figs. 31A and 31B, an upper surface of the blade 51
is a flank face 52, and the blade 51 has an intermediate
portion 53 recessed in an arc shape similarly to the ex-
ample 1, and chamfer portions 54. The chamfer portions
54 are bulging in a nearly semi-arc shape and continuous
from the intermediate portion 53 on both end sides of the
blade 51.

[0051] A front side surface 55a of the wedge bar 55
facing the front wall surface 44 is a flat surface. A rear
side surface 55b of the wedge bar 55 is a curved surface
bulging in an arc shape that corresponds to the shape of
the rear wall surface 45, and a bottom surface 55c thereof
is a flat surface. An upper side surface 55d of the wedge
bar 55 is curved on longitudinally both sides thereofin a
protruding shape that corresponds to the shape of the
blade 51. When the blade 51 is curved and fitted along
the rear side surface 55b, the whole wedge bar 55 exactly
overlaps the blade 51 except its upper cutting edge. The
blade receiver 61 is a metal thick plate having a given
thickness. The blade receiver 61 is bent in an arc shape
that corresponds to the shape of the rear wall surface
45. A front side surface 61a of the blade receiver 61 is a
recessed curved surface, and a rear side surface 61b
thereofis a bulging curved surface. A bottom surface 61¢
of the blade receiver 61 is a flat surface. Similarly to the
upper side surface 55d of the wedge bar 55, an upper
side surface 61d of the blade receiver 61 is protruding
on longitudinally both sides thereof. The front side sur-
face 61aoverlaps the blade 51, and the rear side surface
61b closely contacts the rear wall surface 45 of the fitting
groove 43. The wedge bar 55, the blade 51, and the blade
receiver 61 are inserted and fitted in the fitting groove
43. A bolt (not illustrated in the drawings) is inserted in
each of fitting holes 47 formed in the body 41 on the
forward side of the fitting groove 43 in the direction of
rotation. Then, the bolts are fastened, and the blades 51
are thereby mounted in the body 41.

[0052] Inthe example 3, the intermediate portion 53 of
the blade 51 cuts the work material in a manner similar
to the example 1, and an effect similar to that of the ex-
ample 1 is accordingly achieved. The chamfer portions
54 of the blade 51 on the both end sides thereof chamfer
the both side edges of the work material. According to
the example 3, the chamfer portions 54 of the thin blade
51 are protruding from the outer peripheral surface of the
body 41. The chamfer portions 54 thus protruding are
firmly and securely held between the wedge bar 55 and
the blade receiver 61, and the blade 51 thereby has a
large strength. Thus, the example 3 is advantageous in
that the usual cutting operation and chamfering can be
performed at the same time with such a thin and inex-
pensive blade 51.

[0053] A modified example 17 of the blade according
to the example 3 is described referring to Figs. 32A and
32B.

[0054] Inablade 51A according to the modified exam-
ple 17, a middle part 53a of the intermediate portion 53
between the bent chamfer portions 54 has a flat surface,



15 EP 2703 139 A1 16

and parts on the outer sides of the middle part 53a are
curved in an arc shape. In the blade 51A, its bottom and
middle part 53a have flat surfaces, and the intermediate
portion 53 has a constant rake angle.

[0055] The examples 1 and 2 and the modified embod-
iments thereof described one cutter head. A plurality of
cutter heads may be coupled with each other in the axial
direction, wherein blades of the adjacent cutter heads
are displaced relative to each other. A plurality of blades
may have grooves formed on cutting-edge sides thereof,
so that a work material can be cut into separate pieces.
[0056] The different shapes of the blade fitted in the
cutter head are suggested in the modified examples 1 to
8 of the example 1 and the modified examples 9 to 16 of
the example 2. These shapes of the blade are, however,
only some examples. The blade may befitted in the cutter
head in any other possible shapes. Though the examples
1, 2, and 3 and the modified examples thereof use the
thin blades, any blades having regular thicknesses may
be used. According to the examples 1, 2, and 3 and the
modified examples thereof, the invention is applied to the
cutter head for woodworking and the router bit provided
as the rotary cutting tool. However, the invention is also
applicable to forming cutters. Further, the invention is not
limited to cutting tools for woodworking but is also appli-
cable to rotary cutting tools for cutting metal objects. The
invention has been described and illustrated in detail in
the examples and the modified examples thereof. How-
ever, the invention is not necessarily limited thereto, and
various modifications, additions and alterations may be
made to the invention without departing from the spirit
and scope of the invention.

INDUSTRIAL APPLICABILITY

[0057] Therotary cuttingtool accordingto the invention
includes a cutting edge of a blade including a portion
inclined clockwise through a positive twist angle and a
portion inclined counterclockwise through a negative
twist angle. Then, the depth of each blade is three-di-
mensionally secured in the circumferential direction, and
the blade thereby has a higher flexural rigidity than its
original flexural rigidity before bending. This allows the
blade to be downsized in thickness, thereby making the
blade available at lower prices.

DESCRIPTION OF REFERENCE SYMBOLS
[0058]

10: Cutter head for woodworking
11: Body

13, 13A to 13G: fitting groove
18: Fitting hole

21, 21A to 21H: blade

21c: Cutting edge

24, 24A to 24G: wedge bar

30: Cutter head for woodworking
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31: Body

33, 33A to 33G: Fitting groove
35, 35A to 35H: Blade

35c: Cutting edge

37, 37A to 37G: Wedge bar
40: Router bit for woodworking
41: Body

43: Fitting groove

51: Blade

55: Wedge bar

61: Blade receiver

Claims

1. A rotary cutting tool having blades having an equal
thickness and fitted in an outer peripheral surface of
a body of the tool that rotates around a shaft center,
wherein, assuming a direction of rotation of the body
asadirection of 12 o’clock, a twistangle representing
an angle of inclination of a cutting edge in each blade
from the shaft center is positive when the cutting
edge of the blade is inclined clockwise from the shaft
center but is negative when the cutting edge is in-
clined counterclockwise from the shaft center, and
the cutting edge includes a portion inclined through
the positive twist angle and a portion inclined through
the negative twist angle.

2. The rotary cutting tool according to claim 1, wherein

the blades are bent in a protruding shape in a direc-
tion opposite to the direction of rotation of the body,
and the twist angles of the both end portions of the
cutting edge are positive and negative.

3. The rotary cutting tool according to claim 1, wherein
the blades are bent in a protruding shape in the di-
rection of rotation of the body, and the twist angles
of the both end portions of the cutting edge are pos-
itive and negative.

4. The rotary cutting tool according to claim 2 or 3,

wherein an apex of the bend in each of the blades
is displaced from a center of the blade.

5. Therotary cutting tool according to any one of claims
1 to 4, wherein the blades are inserted in fitting
grooves of the body and held down in the fitting
grooves by using wedge bars, and the blades having
flat bottom surfaces are received by flat bottom sur-
faces of the fitting grooves.
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