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whích the present ínvention can be applred, j-s made of high-
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perrpheraJ- cutting edges of the end mil-I has a rrevy shape or

DESCRIPTION CARBIDE END MILL AND CUTTING METHOD USING THE END MILL TECHNICAL
FIELD [0001]       The present invention relates to a carbide end mill used for cutting in a range from
rough cutting to semi-finishing cutting, and to a cutting method performed by use of the end mill.
[0002]       An object of the present invention is to provide a versatile carbide end mill which can solely
and multifunctionally perform, longitudinal-feed machining, lateral-feed machining, and oblique
machining which is combination of longitudinal-feed machining and lateral-feed machining, in
machining steps from a rough cutting step to a semi-finishing cutting at high speed. These machinings
described above are performed respectively by selecting different type of end mill on prior art. Another
object of the present invention is to provide a cutting method which is performed by making use of
such an end mill. [0003]       A conventional typical end mill for rough cutting, to which the present
invention can be applied, is made of highspeed tool steel or carbide as the base material. Each of
peripheral cutting edges of the end mill has a wavy shape or   nicks. The phases of the wavy
peripheral cutting edges or nicked peripheral cutting edges are shifted at equal intervals along the
direction of the tool axis such that no uncut portions remain in each cutting edge. As compared with
an end mill having ordinary peripheral cutting edges, without wavy or nicked cutting edges such a
conventional end mill having wavy or nicked peripheral cutting edges can easily break chips, and can
perform efficient cutting while reducing cutting resistance. Accordingly, when such a conventional end
mill is used, the depth of cut in the tool diameter direction can be increased, thereby enabling
high-efficiency machining. However, a machined surface becomes rougher than that attained by an
end mill having ordinary peripheral cutting edges without wavy or nicked cutting edges is used.
Therefore, in many cases, the end mill having wavy or nicked peripheral cutting edges is used in a
rough machining step. [0004]        In a rough machining step, in order to increase machining
efficiency, the depth of cut is increased for high-efficiency machining. However, in such a case, a
problem of chattering vibration often arises. In particular, an equal separation end mill, that is defined
as the end mill having same separation angle between lines extending from the axis of the end mill to
the circumferentially adjacent all cutting edges, has an advantage in that it can be manufactured quite
easily. However, when an equal  
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In a rough machinirg sbep, in order to increase

rnachining efficiency, the depth of cut is increased for
hrgh-efficiency machÌning. However, in such a case, â

probl-em of chattering vibration often a.rises. In particuJ-ar,

an egual separatÍon end mil-l-, that is defined as the end

mil-l- havrng same separation angle between lines extending

from the axis of the end nill- to the circumferentrally
adlacent alJ. cuttrng edges, has an advantag'e rn that it can

be manufactured guite easil-y. However, when an equal

separation end mill is used, resonance is apt to occur during machining, resulting in generation of
chattering vibration. As measures for solving such a problem, there has been proposed an unequal
separation end mill in which the separation angle of cutting edges is varied such that the period of
cutting force does not become constant. But such an end mil/ involves increased production cost and
time in the course of its production. [0005]        Patent Document 1 discloses an end mill having a
wavy cutting edge shape in which the amount of shift in phase between adjacent peripheral cutting
edges is rendered unequal, whereby the shape and area of a biting cross section becomes unequal
among the peripheral cutting edges. Patent Document 1 describes that such an end mill suppresses
chattering vibration as in the case of an unequal separation end mill, whereby tool life is extended,
and high-efficiency machining becomes possible. [0006]        Patent Document 2 discloses an end mill
in which the pitch of the waveform of each peripheral cutting edge constituted by a roughing cutting
edge is increased and decreased sinusoidally in one cycle of an even number of period of troughs and
crests of the waveform, and, in accordance with the increase and decrease of the number of the pitch,
the depth and radius of curvature of each troughs and crests in the waveform are changed at each
cycle of the  waveform. Patent Document 2 describes that, in such an end mill, due to the increase
and decrease in the pitch, the manner of cutting changes in the axial direction, and shift in resonance
frequency occurs, whereby, when the tool is considered as a whole, resonance is mitigated, and
chattering vibration is suppressed. [00073       Some conventional typical end mills for rough cutting or
semi-finishing cutting, to which the present inventions intend to apply, have nicked peripheral cutting
edges. Such a conventional end mill having nicked peripheral cutting edges can easily break chips,
and can perform cutting with reduced cutting resistance, as compared with an end mill having ordinary
peripheral cutting edges. Accordingly, when such an end mill is used, the depth of cut in the tool
diameter direction can be increased, and thereby it enables high-efficiency machining. However, when
high-efficiency machining is performed by increasing the depth of cut, there often arises a problem in
that chipping or fracture occurs, particularly, at nick portions due to chattering vibration. [0008]
Patent Documents 3 and I describe examples of end mills in which nicks have improved shapes for
preventing chipping or facture. In the end mill described in Patent Document 3, large flank angles are
provided at opposite ends of each nick so as to secure the strength of portions which connect the
nicks and peripheral cutting edge portions. Patent   Document 4 describes an end mill in which
connecting portions on opposite sides of each nick are rounded so as to improve resistance to
chipping and improve the roughness of a machined surface. [0009]        Even in a rough machining
step, in order to increase machining efficiency, in longitudinal-feed cutting, lateral-feed cutting and
oblique cutting or the like, high-speed cutting is performed with an increased depth of cut. However, it
is difficult to perform these cuttings by using a single end mill. In particular, in the longitudinal-feed
cutting, oblique cutting, or the like, when the depth of cut is too large, cutting resistance increases
unless chips are easily removed. [0010] 
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There have been made several proposals for the purpose of improving the chip removability of an end
mill. Patent Document 5 proposes an end mill in which plural gash surfaces are formed such that the
gash notch angle increases stepwise toward the rear-end side. The front-end side gash surface at the
center of the end mill body on which a large load acts during longitudinal feed, secures strength to
thereby prevent fracture, etc. The rear-end side gash surface secures a space for chip removed.
[0011]       Patent Document 6 proposes an end mill in which a gash surface is provided on the side
toward the rotational center  of the end mill, another gash surface is provided on the peripheral side of
the end mill, and the peripheral-side gash angle is larger than the rotational-center-side gash angle.
This configuration improves the chip removability at the time of lateral-feed cutting of a hard material,
and enables high efficient machining through high-speed cutting. [0012]       Various hard coats have
been developed so as to enhance the performance of a carbide end mill and extend the service life
thereof. Patent Document 7 disclosed a practically used carbide end mill which has such a hard coat
and which was proposed by the applicant of the present application. PRIOR ART DOCUMENT
PATENT DOCUMENTS [00013] (Prior art documents regarding the shape of peripheral cutting edges)
Patent Document /: Japanese Patent Application Laid-Open (kokai) No. 1-101-127214 Patent
Document 2: Japanese Patent Application Laid-Open (kokai) No. 2002-233910 [0014] (Prior art
documents regarding the shape of nicks) Patent Document 3: Japanese Patent Application Laid-Open
(kokai) No. 1-106-335814 
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Some conventional typj-ca1 end mil-ls for rough cuttÌng
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diameter direction can be rncreased, and thereby it enables
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machining rs performed by increasing the depth of cut, there
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PaEent Documents 3 and 4 describe exampJ-es of end mÍIl-s

Ín which nicks have inproved shapes for preventing chipping

or factu.re. In the end miII descrrbed in Patent Document 3,

J-arge flank angles are provided at opposite ends of each

nick so as to secure the strength of portions whlch connect

the nicks and perrphelâI cutting edge portiôns. patent

Patent Document 4: Japanese Patent Application Laid-Open  (koka) Na. 2005-131728 [0015] (Prior
art documents regarding gashes) Patent Document 5: Japanese Patent Application Laid-Open (kokai)
No. 2006-15418 Patent Document 6: Japanese Patent Application Laid-Open (kokai) No.
2007-296588 [0016] (Prior art document regarding hard coat) Patent Document 7: Japanese Patent
Application Laid-Open (kokai) No.2000-334606 SUMMARY OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION (0017]       In recent years, there has been an increasing demand for
high-efficiency machining of workpieces, such as dies and parts, by use of an end mill, the workpieces
being made of structural steel, structural alloy steel, die steel for cold or hot working, stainless steel,
titanium alloy, or super-heat-resistant alloy. Therefore, there has been a demand for an end mill which
enables unprecedented high-efficiency machining by performing, at high speed, for all types of cutting,
such as longitudinal-feed cutting, lateral-feed cutting, and oblique cutting. Accordingly, on shop floors
where die machining and part machining are performed, there has been a strong desire for end mill
machining in which various types of machining are able to be performed at high speed by use of a
single end mill without tool exchange. 
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There have been made several- proposals for the purPose

of rmproving the chrp removabr.Lity of an end míIl-. Patent

Document 5 proposes an end miII in which plural gash

surfaces are formed such that the gash notch angle ínc¡eases

stepr^rise toward the rear-end srde. The front-end sì-de gash

su¡face at the center of the end nill body on which a J-arge

]-oad acts during .l.ongrtudinal feed, secures strength to

thereby prevent fracture, etc. The rear-end sÍde gash

surface secures a space for chJ.p removed.

t00r1l

Patent Document 6 proposes a¡ end rníIl- in which a gash

surface is provided on the sÌde toward the rotational center

[0018]        As explained in the introduced prior art documents, conventionally different type of end
mills specialized for each longitudinal-feed machining and lateral-feed machining respectively have
been proposed. In the case of machining for concave shape which machining involves
longitudinal-feed cutting and oblique cutting, an end mill, specialized for longitudinal-feed cutting or a
drill is first used to form a hole, and the formed hole is then expanded by use of an end mill
specialized for lateral-feed cutting. In the longitudinal-feed cutting or the oblique cutting, an end mill
having a small number of cutting edges which can secure large chip pockets is often used to improve
chip removal. When lateral-feed with high-speed cutting is performed, an end mill having a large core
diameter and a large number of cutting edges is often used to secure tool rigidity. As described above,
when conventional end mills are used, an end mill suitable for each type of machining must be used
through exchange of suitable end mills. Therefore, conventional end mills are not suitable for
increasing efficiency because of loss of setup time. In addition, since a conventional ordinary end mill
has a plurality of cutting edges along the periphery thereof and cuts a workpiece while rotating (i.e.,
characteristics of a milling  tool), the conventional end mill encounters difficulty in performing
longitudinal-feed machining because of poor chip removability, even though there is little problem,
when the end mill performs lateral-feed machining. When longitudinal-feed machining is performed by
use of a conventional end mill, chips produced by end cutting edges in the vicinity of the center of the
axis are not removed smoothly, whereby the end mill becomes likely to be broken due to jamming of
chips. Furthermore, in the case where chip pockets of the end cutting edges are made larger in order
to smoothly remove chips, although chips are removed satisfactorily, there arises a problem in that,
when lateral-feed machining is performed, fracture becomes more likely to occur due to insufficient
rigidity of the end cutting edges. In view of the above reason, in the case where longitudinal-feed
machining and which is a combination of lateral-feed machining or oblique cutting, in which the
longitudinal-feed machining and the lateral-feed machining, tailor-made tools have been used in order
to perform high-efficiency machining. However, recently, there has been increasing desire for
performing such machining more efficiently. In order to perform such machining more efficiently, all
the machining operations may be performed by use of a single end mill, without exchanging it with a
drill or other end mill to eliminate setup time. However, in such a case, since the same conventional
end mill is used in machining in a unsuitable direction for that end mill, in  many cases it makes whole
machining time longer, against expectation to reduce machining time [0019]       High-speed cutting is
a method of performing high-efficiency machining by increasing cutting speed; i.e., increasing
rotational speed. Theoretically, high-efficiency machining can be achieved by means of increasing
both cutting speed and the depth of cut. However, in actuality, high-efficiency machining has not yet
been achieved by use of a practical end mill in which carbide is used as a base material. The reasons
are as follows. In particular, in rough machining, if an end mill having wavy peripheral cutting edges or
nicked peripheral cutting edges is used, and the depth of cut and rotational speed are increased,
chattering vibration occurs. In such a case, a carbide end mill which is lower in toughness than an end
mill formed of high-speed tool steel suffers anomalous wear and chipping, to thereby shorten its
service life. Also, such chattering vibration causes fracture or breakage of a carbide tool. [0020]       As
having been described in the prior art section, in order to suppress chattering vibration which is
generated when cutting operation is performed by use of an end mill, there has been proposed an end
mill in which unequally separated cutting edges are provided in place of equally separated cutting
edges. In the case of an end mill in which unequally separated cutting edges are provided,  chattering
vibration can be suppressed to a certain level through proper shape design. However, since the
cutting edges are arranged unequally, grinding of the cutting edges is difficult, which increases
manufacturing cost of end mill. Moreover, at the time of re-grinding of end mill, difficulty is
encountered in positioning of cutting edge, because the separation angle differs among the cutting
edges. [0021]        Further, in the case of the end mill in which unequal separation is employed, shape
of flutes become nonuniform, and chip removability is apt to become nonuniform, resulting in bad chip
ejection. Therefore, such an end mill has a problem of anomalous wear and chipping. This has been a
serious problem associated with treatment of a large quantity of chip ejection as a result of recently
spreaded high-speed cutting. A carbide end mill, which is expected to have a long service life unless
anomalous wear or chipping occurs, has a risk of being damaged because of brittleness of the base
material, which causes a delay in application of a carbide end mill to high-efficiency machining. [0022] 
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In Patent Document 1, an end mill is proposed in which the amount of shift in phase between adjacent
wavy peripheral cutting edges is made unequal so as to suppress chattering vibration as a result of
the same effect as in an unequal separation end mill. However, since the base  material of the end
mill of Patent Document 1 is high-speed tool steel, the phase deviation amount of each peripheral
cutting edge is relatively large (about 6%). Since persons skilled in the art have had strong awareness
that peripheral cutting edges of a carbide end mill easily suffer fracture or chipping as compared with
those of an end mill formed of high-speed tool steel, it is no exaggeration to say that the persons
skilled in the art have not been motivated to deviate the phases of peripheral cutting edges of an end
mill formed of carbide. (00231        Since an end mill formed of high-speed tool steel has a relatively
high toughness, even when the phase deviation amount of each peripheral cutting edge is
considerably large, chipping or the like does not occur. Therefore, the ratio of the phase deviation
amount is not required to be taken into consideration. However, in the case where the base material
of an end mill is carbide having relatively low toughness as in the present invention, the following
problem remains. Specifically, in the case where the phase deviation amount is increased by merely
making the phase deviation amount unequal, fracture or chipping is apt to occur at the peripheral
cutting edge of a carbide end mill when the amount of cutting amount increases. Therefore, such a
carbide end mill cannot provide stable operation in advanced high-speed cutting. That is, conventional
carbide end mills have not been optimized in terms of phase  deviation amount. Needless to say, a
proper value of the phase deviation amount of nicks of a carbide end mill or the shape of nicks are
completely unknown from Patent Document 1, and Patent Document 1 provides no hints for
determining the proper value or the shape. [0024]        In Patent Document 2, there is proposed an
end mill in which at least one of the pitch, depth, and radius of curvature of the waveform of each
roughing cutting edge is increased and decreased at a period greater than the period of troughs and
crests of the waveform so as to change the cutting amount of each cutting edge, whereby chattering
vibration is suppressed. However, in the case where the cutting edges have different waveforms, a
grinding stone for each waveform is required at the time of manufacture of the end mill, which results
in a considerably high tool production cost, as in the case of an end mill in which unequal separation
is employed. [0025]        In the end mill described in Patent Document 3, a portion which connects a
nick and a peripheral cutting edge portion has a sharp edge shape as shown in FIG. 19. The purpose
of this shape is to provide large flank angles at opposite ends of the nick to thereby ensure strength.
However, in the case of a carbide end mill for high-efficiency machining, to which the present
invention pertains, employment of such a shape raises a big problem  from the viewpoint of chipping
resistance. Therefore, Patent Document 3 does not even serve as a reference. [0026]        Patent
Document 4 describes a tool in which rounded portions are provided on opposite sides of each nick so
as to improve the accuracy of a machined surface. However, Patent Document 4 does not contain any
description regarding the radius of curvature of the rounded portion on the tool end side of the nick
and that of the rounded portion on the tool shank side of the nick. In the case where high- 
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In ¡ecent yeârs, there has been an increasing demand

for hj-gh-ef f J.ciency machining of workpieces, such as dies

and parts, by use ôf an end mil-l-, the workpieces be j-ng made

of structu¡al stee.L. structural alloy steel, die steel for

cold or hot working, stainl-ess steel, titanium alloy, or
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efficiency machining by performing. at high speed. for all

Eypes of cuEting, such as I ongitudína I -feed cutting,
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efficiency machining is performed through high-speed cutting, if the tool does not have a shape in
which these radiuses of curvature are determined optimally, chipping occurs due to lack of the rigidity
of the peripheral cutting edges. Moreover, wear occurs more easily due to deteriorated cutting
performance. [0027]       As described above, each of the end mills described in Patent Documents 3
and 4 is a mere example in which the shape of nicks is improved so as to prevent occurrence of
chipping or fracture. These end mills do not have cutting edges designed for high-efficiency machining
by, for example, changing the phase deviation amount of each cutting edge. Although Patent
Documents 3 and 4 teach end mills having nicks, they do not teach a desired shape of nicks which a
carbide end mill must have so as to achieve high-efficiency machining.  [0028]        In each of the end
mills described in Patent Document 5 and Patent Document 6 characterized by the shape of gashes,
the phases of peripheral cutting edges are shifted at equal intervals in the direction of the tool axis,
and the phase deviation amount does not differ among the peripheral cutting edges. The effect of the
gash shape for high-efficiency machining as in the present invention is attained as an effect of
facilitating removal of a large amount of chips produced due to the shapes of peripheral cutting edges
with different phase deviation amount. That is, the effect is a synergistic effect achieved by the gash
shape and the shape of the peripheral cutting edges. As to such the synergistic effect attained by the
gash shape and the action of the peripheral cutting edges, none of Patent Document 5 and Patent
Document 6 serves as a reference for creating the present invention. [0029]        Patent Document 5
discloses an end mill for longitudinal-feed machining in which the front-end-side gash surface at the
center of the end mill body on which a large load acts at the time of longitudinal feed secures strength,
and the rear-end side gash surface secures a space for chip removal. Patent Document 6 discloses
an end mill having a plurality of gash surfaces suitable for high-speed, lateral-feed machining of a
hard material. However, it was found in the process of creating the present invention that, in the  case
where more complicated machining is performed more efficiently by use of a single end mill, the
length of a transition portion between the front-end-side gash surface and the rear-end-side gash
surface is important so as to provide satisfactory tool rigidity and satisfactory chip removability at the
same time. Specifically, it was found that, in the end mills of Patent Document 5 and Patent Document
6, the distance between the rotational center and the position of the gash surface transition portion is
greater than a proper value, the problem of fracture or the like caused by chip clogging occurs often.
[0030]       As described above, when conventional end mills are used, an end mill suitable for each
typs of machining must be used through exchange of end mills. Therefore, conventional end mills are
not suitable for increasing efficiency because of loss of time for setup. In addition, since a
conventional ordinary end mill has a plurality of cutting edges along the periphery thereof and cuts a
workpiece while rotating (i.e., characteristics of a milling tool), the conventional end mill encounters
difficulty in performing longitudinal-feed machining because of poor chip removability, which does not
pose a problem, when the end mil/ performs lateral-feed machining. Therefore, it is difficult to perform
high-efficiency machining by the conventional end mill. 0031]  
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When l-ateral--feed with hígh-speed cutting is performed, an

end mi 11 h avi ng a .1. a.rge core dr ame t er and a l- arge nunber of

cutting edges is often used to secure tool ¡igidrty. As

descrÍbed above, Hhen conventional- end mills are used, an

end mrll- suitable for each type of machining must be used

through exchange of suitabl-e end mills. Therefore,

conventj.onal end mills are not suÌtabIe for increasing

efficiency because of Ioss of setup t j,me, ln addrtion,

since a conventional ordinaty end rníIl has a plurality of
cutting edges along the pe¡iphery thereof and cuts a

sro.rkpiece whil-e rotating (i.e., chârecteristics of a milling

The problems of the prior art inventions have been pointed out in the above. The proposed
improvements on end mills disclosed in the prior-art of the above documents are specialized only for
longitudinal-feed machining or only for lateral-feed machining. Any of the prior-art documents does not
propose an end mill for multi-functional machining in which one end mill can perform these types of
machining. This multi-functional machining by one end mill is an important object of the present
invention. The present invention has been accomplished under these circumstances and through
recognition of the problem to solve. An object of the present invention is to provide a carbide end mill
which enables a multi-functional machining efficiently by the single end mill from longitudinal-feed
cutting, lateral-feed cutting, and to oblique cutting, etc. The present invention also intends to provide a
carbide end mill, which can be easily manufactured at low cost, can be re-ground easily, can suppress
chattering vibration by dispersing cutting resistance, and which has a long service life. Another object
of the present invention is to provide a cutting method performed by use of such an end mill. Still
another object of the present invention is to provide an and mill having the above-described shape
and hard coat so as to maximize the advantages of stable high-speed cutting. [0032] Moreover, the
present invention has an object to provide an end mill which can perform combined machining,
involving almost all types of cutting operations, and which copes with various workpieces. The object
of the present invention is essential for cutting of super-heat-resistant alloy and titanium alloy, which
demands have increased recently for an aircraft material or for atomic power generation plant. [0033]
In particular, the present invention provides a carbide end mill which is good in chip removability, can
disperse cutting resistance sufficiently, and can suppress chattering vibration, even when
longitudinal-feed cutting or oblique cutting is performed at high rotational speed with an increased
depth of cut. [0034]       Meanwhile, even an end mill having excellent cutting performance is not
accepted in the market if its manufacturing cost is high. Sill another object of the present invention is
to provide a carbide end mill which can be manufactured easily at low cost and can be easily
reground. MEANS FOR SOLVING THE PROBLEMS [0035]       The present invention was
accomplished with an aim of developing an end mill for high-efficiency cutting which can achieve a
chip removal quantity per unit time greater than that achieved through use of a conventional end mil/.
The   inventors of the present invention employ an equally-separated carbide end mill as a basic type.
Because that type of end mill can smoothly remove chips while suppressing chattering vibration (an
important performance parameter of a cutting tool), and is easy to form cutting edges during
manufacture of the end mill. This is the big advantage from the viewpoint of productivity. The inventors
conceived of the present invention as a result of studying other shape-related factors which can
suppress chattering vibration to the maximum. [0036] 



tool), the conventronal end mi11 encounters drf f j.culty in

performinq' Ionq'ítudínal- feed machinÍng because of poor chÍp

removability, even though there is Iittle problem, when the

end mi l- l- perf orms J-a te ra.l- - f eed nachin ing . When

longitudinal-feed machíning is performed by use of a

conventional end mill, chips produced by end cuttÍng edg'es

in ELle vicinity of the center ôf the axis are not removed

smoothly, whereby the end mil,I becomes likely to be broken

due to jammrng of chips. Eurthermote, in the case where

chip pockets of the end cutEing edges are made larger ín

order Eo smootbly remove chrps, although chips are removed

satrsfactorily, there arrses a problem in that, srhen

lateral-feed machining is perfotrned, fracture becomes more

IikeJ-y to occur due to insuffÍcient rlgidity of the end

cutting edg'es. In vrew of the above reason, in the case

where I ongit udinal- - feed nachining and whrch j-s a combination

of lateraf-feed nachining or oblique cuttÌng, in which the

l-ong i t udrnal- - f eed mach:-ning and the late¡a1-feed rnachining,

tailor-made tooJ.s have been used ín orde¡ to perform high-

ef f :-c i ency machining . However, .recent l- y, the re h a s been

increasÍng desire for performrng such machinrng rnore

efficiently. In order to perform such machining more

e f f icient ly. al- l the rnachin.:. ng ope rat ion s may be perf orrned

by use of a síngle end mi.ll-, Hithout exchanging it with a

dr i l- I or othe¡ end ¡ni 11 t o e.L imina te setup t ime . However,

in such a caser sínce the same conventional- end mil-I is used

in machinÍnq in a unsuitabJ.e directron for that end mí11' in

An end mill of the present invention can be put into practice adopting carbide as a base material and
wavy peripheral cutting edges or nicked peripheral cutting edges as cutting edge. [0037]        The
present inventors directed their attention to the fact that the above-described objects can be achieved
by determining the optimal amount of mutual phase deviation in the axial direction of the wavy
peripheral cutting edges or the nicked peripheral cutting edges under the condition of disposing
cutting edges at equal intervals in the circumferential direction of the carbide end mill. The present
inventors carried out various studies to find a phase deviation amount which minimize chattering
vibration, enabling the end mill to endure high-speed cutting, As a result, the inventors devised a
carbide end mill of the present invention, which is characterized in that, when crest portions of a
certain wavy peripheral cutting edge or nicked peripheral cutting edge are used as a reference, crest
portions of other wavy peripheral cutting edges or nicked peripheral cutting edges are disposed such
that their phases are sifted in the axial direction of the end mill within a range in which fracture or
chipping does not occur at the wavy peripheral cutting edges or the nicked peripheral cutting edges,
which fracture or chipping would otherwise occur because the end mill is formed of carbide. 10038]
That is, the present invention provides an end mill which has either one of the shape selected from
multiple wavy peripheral cutting edges each having alternate crest portions and trough portions, or a
multiple peripheral cutting edges each having a plurality of nicks for breaking chips. The end mill is
characterized in that, when a certain peripheral cutting edge is considered a reference peripheral
cutting edge with reference phases in a pitch of the reference perphral cutting edge, wherein the
distance of the reference phase is an amount corresponding to a value obtained by dividing the pitch
of the nicks or waveform of the reference peripheral cutting edge by the number of the cutting edges;
and the phase of at least one of the remaining peripheral cutting edges other than the reference
peripheral cutting edge is deviated in the direction of the tool axis from the corresponding reference
phase by an  amount of 5% or less (excluding 0%) of the pitch. [0039]        Desirably, the end mill of
the present invention is configured such that above mentioned amount of each deviation is in a range
of 1% to 3% of the pitch in the direction of the tool axis from the corresponding reference phase,
wherein the distance of the each reference phase is an amount corresponding to a value obtained by
dividing the pitch of the nicks or waveform of the reference peripheral cutting edge by the number of
the cutting edges. [0040]        The end mill of the present invention is used to machine a workpiece
formed of a hardened material whose hardness exceeds 40 HRC, which is called a difficult-to-cut
material. The target workpiece of the present invention is that when an end mill formed of high-speed
tool steel is used, irrespective of the shape of the tool, machining of such a workpiece is difficult in
actuality, because the tool life becomes extremely short under conditions for high-efficiency
machining. Since the base material of the end mill of the present invention is carbide, the wavy
peripheral cutting edges or the nicked peripheral cutting edges each have greatly improved wear
resistance, as compared with conventional end mills formed of high-speed tool steel. However, since
the phases of the peripheral cutting edges are shifted from one another, the peripheral cutting edges
suffer fracture or chipping, which occur  because of brittleness of carbide. [0041]       In view of the
above-described drawback of the carbide end mill, the present inventors determined, through a large
number of cutting tests, the optimal arrangement of the pitches of the nicks or waveforms of the
peripheral cutting edges of the carbide end mill, and found that at least one of phases of the
peripheral cutting edges must be deviated in the direction of the tool axis from the respective
reference phases by a considerably small amount of 5% or less (excluding 0%) of the pitch of the
reference peripheral cutting edge, wherein the distance of the each reference phase is an amount
corresponding to a value calculated by dividing the pitch of the nicks or waveform of the reference
peripheral cutting edge by the number of the cutting edges. [0042] 



many cases it rnakes whole machining Eime J.onge¡, against

expectatíon to reduce machining time.

t 0019l

High-speed cutting is a method of perfo.rmj-ng high-

effÍcj-ency machining by increasing cutting speed; i.e.,

increasíng rotetional speed. Theoretically, h igh - effic j.ency

machiníng can be ach j-eved by means of increasing both

cutting speed ând the depth of cut. However, Ín actuaLity,

high-efficiency machining has not yet been achieved by use

of a prac tical end mil1 ín r,¡hi ch carb ide i s u s ed as a base

mate ri a L . the reasons are as fol- l-ows . I n pa rt icul-ar, in

rough machining, if an end rnill havrng wavy peripheral

cuttj-ng edges or nicked peripheral- cutting edges rs used,

and the depth of cut and rotational speed are increased,

chaLte¡ing vrbratÌon ôccurs. In such a case, a carbide end

miJ.J. which is Lower in toughness than an end mill fo¡med of

high-speed tool steel- suffers anomalous wear and chipping,

to theleby shorten its service life. Al-so, such chatteling

vibration causes fracture or breakage of a carbide tool, ,

t 0020l

As having been described j-n the prior art sectron, in

order to suppress chattering vrbration whrch is generated

vJhen cutting operation is performed by use of an end mÍIl,

the¡e has been proposed an end rnill in which unequally

separated cutting edges a¡e provided in pl-ace of equal]y

separeted cuttíng edges. In the case of an end mill in

vJhich unequal.l-y separâted cutting edges ere provided,
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In the present invention, phase deviation is essential, and the amount of phase deviation must be 5%
or less, preferably 1% to 3%. When the amount of phase deviation exceeds 5%, fracture and chipping
become more likely to occur at the wavy peripheral cutting edges or nicked peripheral cutting edges of
the carbide end mill. One of the most important feature of the present invention resides in employment
of the carbide end mill and optimization of the phase deviation amount for enabling high-speed rough
cutting. [0043]        According to the present invention, despite the end mill being formed of carbide,
manufacture of the tool is easy, and fracture or chipping does not occur, because the wavy peripheral
cutting edges or the nicked peripheral cutting edges are shaped such that their phases are shifted
from one other, and chattering vibration during machining can be suppressed. Accordingly, it becomes
possible to perform high-efficiency rough machining or high-efficiency semi-finishing machining
through high-speed cutting, and to provide a carbide end mill having a long service life. [0044]       The
effect of the carbide end mill of the present invention can be attained even when the shape of the
wavy peripheral cutting edge or the nicked peripheral cutting edge involving phase deviation is applied
to only one of the peripheral cutting edges-       That is, the carbide end mill of the present invention
may be configured such that the carbide end mill has three or more peripheral cutting edges; at least
a pair of peripheral cutting edges of the adjacent peripheral cutting edges have no phase deviation
from the respective reference phaseswherein the distance of the each reference shape is an amount
corresponding to a value obtained by dividing the pitch of the nicks or waveform of the reference
peripheral cutting edge by the number of the cutting edgesandthe amounts of deviation of the
remaining peripheral cutting edges from the respective reference phases are unequal from one
another. [0045]        To find proper cutting edge amounts of deviation from the respective reference
phase ranged by equal distance in the reference prepheral which equal distance is obtained by
dividing the pitch of the nicks of the peripheral reference cutting edge by the number of the cutting
edges, to minimize chattering vibration and enable the end mill to endure highspeed cutting,the
present inventors conducted various studies. The present inventors also study on the shape of nicks
which does not raise a problem of fracture or chipping of the peripheral cutting edges even when
high-speed cutting is performed. As a result, the present inventors found that the carbide end mill of
the present invention is desirably configured such that, when a certain nicked peripheral cutting edge
is used as a reference, at least one remaining nicked peripheral cutting edge is disposed such that the
phase of nicks of the at least one peripheral cutting edge is shifted within a range in which fracture or
chipping does not occur at the nicked peripheral cutting edges, and the nicks have an improved
shaped in order to suppress, to the possible extent, the influence on chipping caused by cutting load
increased as a result of phase deviation. f0046]       That is, the end mill of the present invention
having a novel nick shape is desirably configured such that each peripheral cutting edge has a
plurality of nicks; when one  



chattering vibratÌon cân be suppressed to a certain l-evel

through proper shape design, Hor^'ever, since the cuEEing

edges a¡e arranged unequally, grrnding of the cutting edges

rs difficult, which increases manufacturing cost of end mill

Moreover, at the trme of re-grindj-ng of end mill, dj-ffrculty

is encountered rn positioning of cutting edge, because the

separation angle differs among the cutting edges,

t00211

Further, in Ehe case of the end mj-lL in whÍch unequal

sepa¡ation rs empl-oyed, shape of flutes become nonunlform,

and chip removabÍlity is apt to become nonunrform, resuLtj-ng

in bad chip ejectiôn. Therefôre, such en end mrII hes â

problem of anomaLous wear and chj-pping, ThÍs has been a

serious problem associâted wrth treatment of â l-arge

quantity of chip ejecEion as a result of recently spreaded

hÍgh-speed cutting. A carbide end mill, which is expected

to have a long service LÍfe unless anomaLous !ùear oE

chipping occurs, has a rísk of beíng damaged because of

brÍEEleness of the base material, vJhich causes a delay in

âppl-rcation of a carbide end mrll- to hígh-efficrency

machinl.ng .
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In Patent Document 1, an end ñill- rs proposed in whlch

the amount of shift in phase between adjacent wavy

peripheral cutting edges is made unequaÌ so as to suppress

chattering vibration as a result of the same effect as Ín an

unequal separation end mill-. However, srnce the base
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peripheral cutting edge and its nicks are viewed on a cross section skewed at an angle equal to a
helix angle of the end mill, opposite ends of each nick are smoothly connected to adjacent portions of
the peripheral cutting edge via rounded portions; and the radius of curvature of the tool-end-side
round portion of the nick is smaller than that of the toolshank-side round portion of the nick. [0047]
The nicked carbide end mill of the present invention is enabled to perform cutting at a higher speed,
as compared with conventional end mills, by means of changing the amounts of deviation from the
respective reference phases ranged by equal distance in the peripheral cutting edge, which equal
distance is obtained by dividing the pitch of the nicks of the peripheral cutting edge by the number of
the cutting edges. Therefore, employment of severer cutting conditions results in increased possibility
of occurrence of chipping at the peripheral cutting edges. In this connection, the present inventors
found that special attention must be given to the shape of the nicks, including the shapes of the
opposite ends of each neck, so as to prevent occurrence of chipping at the peripheral cutting edges,
which chipping would otherwise occur due to load during high-speed cutting. [004B)       In the case of
a conventional carbide end mill with nicks of this type, an average feed rate for securing an   average
surface roughness is about 500 mm/min. However, through use of a nicked carbide end mill in which
the phases of the nicks are deviated in the direction of the tool axis and rounded portions are provided
on opposite ends of each nick, feed rate can be increased to a rate approximately double the
conventional feed rate. However, even in such a case, the feed rate cannot exceed a limit of 800
mm/min to 1000 mm/min, and, in high-speed cutting at a feed rate exceeding that limit, chipping or the
like occurs at the peripheral cutting edges due to load produced as a result of high-speed cutting.
Therefore, an end mill which is prescribed only for the shape of opposite ends of each nick and the
amounts of deviation from the respective reference phases of the reference peripheral cutting edge,
wherein the distance of the reference phase is an amount corresponding to a value obtained by
dividing the pitch of the nicks of the peripheral reference edge by the number of the cutting edges
---encounters difficulty in performing cutting operation at higher speed. [0049]       Therefore, in the
carbide end mill of the present invention, which may be used under severe conditions involving a feed
rate exceeding 1000 mm/min, it is important to consider not only the radiuses of curvature at opposite
ends of each nick, but also the shape of each nick. That is, the carbide end mill of the present
invention is desirably shaped such that the bottom end of each nick is connected  with the
tool-shank-side round portion via a straight portion or a curve portion which is convexed toward the
nick groove. [0050]        That is, a nicked carbide end mill according to another invention is a carbide
end mill characterized in that the bottom end of the groove of each nick is connected with the
tool-shank-side round portion via a straight portion or a curve portion which is convexed toward the
nick groove, or connected with the tool-shank-side round portion via a straight portion and a curve
portion which is convexed toward the nick. [0051) 



materiâl- of the end rnill of Patent Document 1 j.s higb-speed

tool steel, the phase devj.atron amount of each peripheral

cutting edge is re]-âtiveÌy J-arge (about 6S) . Since persons

skil-l-ed in the art have had strong awareness that periphe¡al

cutting edges of a carbide end miII easily suffe.r fracture

or chipping as compared with those of an end miJ.L formed of

hígh-speed tool steel, it j-s no exaggeration to say that the

persôns skil-l-ed in the art have not been motivated to
devíate the pbases of peripheral cutt j-ng edges of an end

mill fôrmed of carbide.

t 0023l

Since an end miII formed of high-speed tool steel has a

relatively high toughness, even Hhen the phase deviatíon

arnount of each peripheral cutting edge is consÍderably l-arge,

chrpping or the l-ike does nôt occur. Therefore, tlre ratio

of the phase deviation amount is not requi.¡ed to be taken

into consideration. However, in the case where the base

material of an end mj-lL is carbide havÍng relatrvely l-oH

tôughness âs ín the present ínvention, the foll,owing probLem

remains. Specifically, in the case where the phase

deviatíon amount is increased by merely makrng the phase

deviation amount unequa.l-, fracture or chippíng is apt to

occu.r at the peripheral. cutting edge of a carblde end mill-

Hhen the amount of cuttinqr amount increases, Therefore,

such a ca¡bide end nill- cannot provide steble operation in

advanced high-speed cutting, thaE j.s, conventional carbide

end mills have not been optimized in terms of phase
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In the end mill of the present invention, the amounts of deviation from the respective reference phases
of peripheral cutting edge, wherein the distance of the reference phase is an amount corresponding to
a value obtained by dividing the pitch of the nicks of the peripheral cutting edge by the number of the
cutting edgesare made unequal. As a result, the end mill of the present invention can perform cutting
operation at speed far above conventional speed. However, since the cutting load acting on the end
mill increases in such cutting operation, the consideration of and measure against chipping and
breakage become more important. The technical idea of designing a carbide end mill in consideration
of contradictory advantages and disadvantages cannot be  obtained by combining any reference of
the above-described conventional prior arts and other conventional techniques. [0052]       When
cutting is performed by use of the carbide end mill having nicked peripheral cutting edges according to
the present invention, the cutting volume slightly differ among each nicked peripheral cutting edges.
Therefore, even when high-speed cutting is performed, cutting resistance is reduced by dispersion,
and cutting load becomes stable, whereby chattering vibration can be suppressed. Therefore, the
carbide end mill having nicks of the present invention can yield effects similar to those attained
through use of a carbide end mill having wavy peripheral cutting edges. [0053]        Desirably, the
nicked carbide end mill of the present invention is configured such that, when the tool diameter of the
nicked carbide end mill is represented by D, the radius of curvature of the tool-end-side rounded
portion of each nick is 0.010 to 0.03D, the radius of curvature of the toolshank-side rounded portion of
each nick is 1.5 to 2 times the radius of curvature of the tool-end-side rounded portion of each nick,
and the depth of each nick is 0.010 to 0.05D. [0054]       Next, the gash shape in the present invention
and its effect will be described. [0055] Nicked peripheral cutting edges or wavy peripheral   cutting
edges for high-speed cutting is designed as the peripheral cutting edge for the carbide end mill of the
present invention to enable chips to be removed in a larger amount per unit time, as compared with
conventional end mills. The carbide end mill of the present invention desirably has a novel gash shape
which enables satisfactory treatment of chips removed from the end cutting edges, and which secures
the strength of a distal end portion of the end mill in a region from the rotational center of the end mill
to the periphery thereof. [0056]        That is, whether the carbide end mill of the present invention has
wavy peripheral cutting edges or nicked peripheral cutting edges, it is recommended that the carbide
end mill have the following gash shape between cutting faces of the end cutting edges and the
peripheral cutting edges, in addition of, peripheral cutting edges whose phases are deviated from the
respective reference phases of the reference peripheral cutting edge, wherein the distance of the
reference phase is an amount corresponding to a value obtained by dividing the pitch of the nicks of
the reference peripheral cutting edge by the number of the cutting edges. 



deviation amount. Needl-ess to say, a proper value of the

phase devíation amount of nrcks of a carbide end mil-I or the

shape of nrcks are completely unknown from Patent Documon[ 1,

and Patent Docl.¡ment 1 provides no hints for dete¡rnÍning the

proper value o¡ the shape.

lo024l

In PaE.ent Document 2, there rs proposed an end mrl-I in

which at least one of the pitch, depth, and radíus of

curvature of the waveform of each roughlng cutting edge rs

increased and decreased at a period g'reater than the perrod

of troughs and crests of the r,¡evefôrm so as to change the

cutting amount of each cutting edge. whereby chattering

vibratron is suppressed. Howeve¡, in the case where the

cutting edges have different waveforms, a grindÍng stone for

each waveform ís required at the tirne of manufacture of the

end mrll, which resul-ts in a considerabLy high tool.

p.roducEion cost, as in the case of an end mill- in Hhlch

unequal- separation is enployed.

t002s l

In the end mill desc¡rbed in Patent Document 3, a

portion whÍch connects a nick and a peripheral cutting edge

portion has a sharp edge shape as shor.ùn in EIG, 19. The

purpose of this shape is to provide large flank angles at

opposíte ends of the nick tô thereby ensure strength.

However, in the case of a carbide end míII for hiq'h-

efficiency machrning, to which the plesent invention

pertaÍns, emplol¡ment of such a shape raíses a bí9 problem
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[0057]       The shape of gashes suitable for the end mill of the present invention will be described with
reference to FIGS. 12 and 13. Each of gashes provided for end cutting edges in the present invention
is composed of a plurality of   surfaces; i.e., a first gash surface 51 (cutting face of the corresponding
end cutting edge), a second gash surface 52 provided on the side toward the rotational center of the
tool axis of the end mill, and a third gash surface 53 provided on the peripheral side of the end mill. A
first gash angle 55 is formed between a crossing portion 54 between the first gash surface 51 and the
second gash surface 52, and a plane perpendicularly intersecting the axis. A second gash angle 57 is
formed between a crossing portion 56 between the first gash surface 51 and the third gash surface
53, and the plane perpendicularly intersecting the axis. The second gash angle 57 is made greater
than the first gash angle 55. [0058]       Accordingly, desirably, the carbide end mill of the present
invention is characterized in that the carbide end mill includes the above-mentioned plurality of
peripheral cutting edges, end cutting edges, and gashes each composed of a plurality of gash
surfaces; the plurality of gash surfaces include a first gash surface serving as a cutting face of the
corresponding end cutting edge, a second gash surface provided on the side toward the rotational
center of the tool axis of the end mill, and a third gash surface provided on the peripheral side of the
end mill; a first gash angle of 15 to 350 is formed between a crossing portion between the first gash
surface and the second gash surface, and a plane perpendicularly intersecting the axis;   a second
gash angle of 40 to 600 is formed between a crossing portion between the first gash surface and the
third gash surface, and the plane perpendicularly intersecting the axis; and the length of a connection
portion between the second gash surface and the third gash surface is not less than 5% the tool
diameter as measured from the tool rotation axis and less than 20% the tool diameter. [0059]        In
the case where the carbide end mill of the present invention is required to remove chips in a larger
amount per unit time as compared with conventional end mills, as described above, the gash shape of
the end cutting edges is optimized as descrived above in the present invention. Through formation of
gashes having a gash shape defined in the present invention, the following advantageous effects can
be yielded. Longitudinal-feed cutting, lateral-feed cutting, and oblique cutting can be performed by use
of a single carbide end mill having wavy peripheral cutting edges or peripheral cutting edges having
phase-shifted nicks. Chips removed from the end cutting edges at the time of longitudinal-feed cutting
or oblique cutting can be treated satisfactorily. The gash portions are strong enough to endure
high-speed, lateral or oblique cutting. Further, chattering vibration can be minimized. [0060] The
carbide end mill of the present invention has  peripheral cutting edges whose phases are deviated
from the respective reference phases of the reference peripheral cutting edge, wherein the distance of
the reference phase is an amount corresponding to a value obtained by dividing a pitch of the nick of
the reference peripheral cutting edge by the number of the cutting edgesand also has the
above-described gash shape in regions from the cutting faces of the end cutting edges to the
peripheral cutting edges. Therefore, the carbide end mill of the present invention can efficiently cut
structural steel, structural alloy steel, die steel for cold or hot working, stainless steel, titanium alloy,
and super-heat-resistant alloy. 



f.rom the vrewpoint of chipping resisEance, Therefore,

Patent DocuÌnent 3 does not even serve as a reference.
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Patent Document 4 describes a too]. in which rounded

pôrtÍons are provided on opposite sides of each nick so as

to improve the accurâcy of a machined surface, However,

Patent Document 4 does not contain any descrÌption regardíng

the radius of curvature of the rounded portion on the toô]-

end side of the nick and that of the rounded portion on the

tool shank side of the nick. In the case where high-

efficÍency machining Ís performed through high-speed cutting,

if the tool does not have a shape in which these radiuses of
curvature are dete¡mrned optÍmal-Iy, chippinq' occu.rs due to

lack of the rigrdity of the pe¡ipheral cutting edges.

Moreover, wear occurs more easil-y due to deteriorated

cutting performance.
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As described above, each of the end mil-l-s descrrbed in

PaEent Documents 3 ard 4 rs a mere example 1n which the

shape of nicks is Ímproved so as to prevent occurrence of
chipprng or fracture. These end mÍlLs do not have cuttrng

edges designed for high-efficiency machinrng by, for example,

changing the phase deviaEÍon amount of each cuttrng edge.

ÀIthough Patent Documents 3 and 4 teach end mills having

nicks, they do not Eeach a desired shape of nicks r"¡hich a

carbide end mrII must have so as to achreve hrgh-effrciency

mechi nr ng .
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[0061]       That is, the carbide end mill of the present invention is intended to machine a workpiece
formed of structural steel, structural alloy steel, die steel for cold or hot working, stainless steel,
titanium alloy, or super-heatresistant alloy. [0062]       Next, suitable hard coats for the carbide end mill
of the present invention and which enhances the characteristics thereof will be described. In the
present invention, the shape of the carbide end mill is novel enough to enable high-speed cutting.
Therefore, a hard coat is not necessarily required. However, use of an optimal hard coat is important
so as to stabilize and extend the service life of the end mill of the present invention when the end mill
is used for high-speed cutting. [0063]        Various hard coats have been developed so as to improve
the performances and service lives of carbide end mills, and the hard coat proposed by the applicant
of the present invention and disclosed in Patent Document 7 has been put to practical use. Since end
mills are required to have higher oxidation resistance and higher wear resistance so as to cope with
an increase in cutting speed, measures for enhancing oxidation resistance and wear resistance must
be taken_ When the present inventors actually used the above-described carbide end mill having a
novel shape for rough machining, they found a remarkable increase in oxidation and wear of the
peripheral cutting edges, which are peculiar to high-speed cutting. The present invention has been
accomplished as measures against such oxidation and wear. [0064]       That is, the carbide end mill
with hard coat according to the present invention is characterized in that a hard coat which can endure
high-speed cutting is laminated on at least the wavy peripheral cutting edges or nicked peripheral
cutting edges having a novel shape as described earlier. [0065]        In the case where the end mill
has the above-described gashes, the hard coat according to the present invention is coated on the
gash portions. Although removal of hot chips during cutting damages carbide, the hard coat of the
present  invention can greatly mitigate the damage. [0066] 



t0028 l

In each of the end mills descrÍbed in Patent Document 5

and PatenE Document 6 characterized by the shape of gashes,

the phases of peripheral cutting edges are shifted at egual

inte¡vals j.n Ehe direction of Ehe tool axrs, and the phase

deviation amount does not differ among the peripheral

cutting edges. The effect of the gash shape for high-

efficiency machinì-ng as in the present Ínventíon is âttarned

as an effect of facil-itating ¡emoval of a large amount of

chrps produced due Eo the shapes of perrpheral cutting edges

with dÍfferent phase devration amount. Thet is, the effect

is a synergr-stic effect achieved by the gash shape and the

shape of the perípheral- cutting edges. As to such the

synergistic effect attaj,ned by the gash shape and the actÌon

of the peripheral- cutting edges, none of Patent Document 5

and Patent Document 5 serves as a reference fo¡ creating the

present j,nvention.
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Patent Document 5 dÍ s c]-o se s an end mí Ll f or

longr t rrdinal-- f eed machining ín which the front-end-side gash

surf ace a E the cente r of the end mi 1l- body on r,lhich a l arge

Ioad acts at the trme of longitudinal feed secures strength,

and the rear-end side gash surface secures a sPace for chrp

removaL. Patent Document 6 discJ.oses an end miII having a

pÌurality of gash surfaces surtable for high-speed, lateraJ--

feed machiníng of a hard materÍal However, it vJas found in

the process of creating the present invention that' in the

L5

That is, desirably, the carbide end mill of the resent invention is configured such that the
above-mentioned wavy peripheral cutting edges are covered with a hard coat. [0067]       Next, the
hard coat applied to the carbide end mill of the present invention will be described specifically. The
hard coat used in the present invention is composed of an outermost layer and an innermost layer in
contact with the surfaces of the peripheral cutting edges, or repetitive composit layer combined by
substantially the same of the outermost layer composition and substantially the same of the innermost
layer composition, or a composite layer including the above-described innermost layer and outermost
layer, and one or more intermediate layers interposed therebetween. Desirably, the outermost layer is
greater in oxidation resistance and wear resistance than the innermost layer. [0068]       The term
"substantially" is used so as to encompass the case where a diffusion layer is formed between the
innermost layer and the outermost and the diffusion layer may slightly differ in composition from the
innermost layer or the outermost layer. But in the case where the thickness of the diffusion layer
increases and the content ratio of a certain element in the diffusion layer deviates 50% or more from
that element of the innermost layer and the outermost layer, the diffusion layer is regarded as an
intermediate layer in the present invention. [0069]        By means of forming the hard coat on the end
mill of the present invention by use of nitride, carbonitride, oxynitride, or oxycarbonitride of a metallic
element with selecting the most suitable metallic element for the innermost layer, the outermost layer,
and the intermediate layer which constitute a respective hard coat, damage to a carbide end mill
covered by a hard coat can he mitigated, thereby enabling cutting operation to be performed more
efficiently. [0070]        That is, in the carbide end mill of the present invention, the innermost layer of
the hard coat is formed of a nitride, carbonitride, oxynitride, or oxycarbonitride containing Ti and Al as
main metallic elements, and the outermost layer of the hard coat is formed of a nitride, carbon itride,
oxynitride, or oxycarbonitride containing Ti and Si as main metallic elements. [0071]       Moreover, in
the carbide end mill of the present invention, the innermost layer of the hard coat is formed of a nitride
containing one or more metal elements selected from among Al, Cr, Ti, and Si; the intermediate layer
is formed of a compound containing one or more metal elements selected from among Al, Cr, Ti, and
Si, and one or more elements selected from among N, B, C, and (3; and the outermost layer of the
hard coat is formed of a compound containing one or more metal elements selected from among Ti
and Si, and one or more elements selected from among N, S, C, and B. [0072] 



ca s e where more comp]-icat ed nach j.nÍng i s perf ofte d mo re

efflciently by use of a single end mrl-l-, the Iength of a

transitíon portlon betHeen the front-end-srde gash surface

and the rear-end-side gash su¡face is important so as to
provide satisfactory tool rrgidity and satisfactory chip

¡emovability at the same time. Specificatty, it was found

that. in the end mills of Patent Docu[ent 5 and Patent

Docurnent 6, the distance between the .rotational- center and

the position of the gash surface transition portíon is
g'reate r Eha n a proper va]-ue , the p robl em of f ract ure or the

Iike caused by chip clogging occurs often.
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As descríbed above, r^rhen conventional end mills are

used, an end mrl-I suitable for each type of machíning must

be used through exchange of end mills, Therefore,

conventional- end mÍIIs are not suitable for íncreasing

efficiency because of Ioss of tine for setup. In addition,
since a conventional ordinary end mil-I has a pluralÍty of

cut E.i ng edges a long the pe rrphe ry the.reo f and cut s a

trorkpiece whrle ¡otatlng (i.e., character ist j,c s of a milting
tool), the conventional end miJ.I encounters diffículty in
performrng IongitudÍ na 1- feed machining because of poor chip

removabl.l-l.ty, which does not pose a problem, rdhen the end

mr- Il pe r forms I ate.¡a 1-f eed rnach in in g . Theref ore , it í s

difficul-t to perform hrgh-efficiency machining by the

conventional end mill-.
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Moreover, in the carbide end mill of the present invention, desirably, both the innermost layer and the
outermost layer are formed of a nitrogen-containing TiAl compound which is represented by the
formula Ti.All.mN, and preferably the innermost layer is formed of titanium-rich TixAll,N (i.e., 0.5 < x 5
1), and the outermost layer is formed of aluminum-rich Ti,A11,N (i.e., 0 5 x < 0.5). [0073]        The
shape of the wavy peripheral cutting edges or the nicked peripheral cutting edges and the novel gash
shape in the present invention yield various effects, such as enhanced chip breaking performance and
enhanced chip removal performance, even in the case where a cutting edge portion of the end mill is
detachable from a tool-holding portion thereof which holds the cutting edge portion. Therefore, when
the cutting edge portion of the end mill wears as a result of cutting, the cutting edge portion can be
exchanged individually for continuous use. Therefore, desirably, the end mill of the present invention
includes a tool-holding portion and a cutting edge portion which is formed of  carbide and which is
detachably attached to the tool-holding portion. [0074]        That is, the present invention provides a
carbide end mill characterized in that cutting edge portion formed of carbide is detachably attached to
a tool-holding portion. [0075]        In the case where machining of a concave shape or the like,
involving longitudinal-feed cutting and oblique cutting, is performed by use of conventional end mills,
which are dedicated for longitudinal-feed cutting or oblique cutting, person had to change to a suitable
end mill for the purpose of machining. When the carbide end mill of the present invention is employed,
there can be performed a novel cutting method in which various types of machining operations can be
performed efficiently by use of a single end mill without tool exchange, because the carbide end mill of
the present invention has the above-described novel gashes and the above-described novel shape of
the wavy peripheral cutting edges or the nicked peripheral cutting edges, and a hard coat which can
endure high-speed cutting operation is layered on at least the peripheral cutting edges having a
unique shape. [0076]       A cutting method according to the present invention is characterized by
comprising the step of successively performing at least two types of cutting operations selected   from
longitudinal-feed cutting, lateral-teed cutting, and oblique cutting, by use of a carbide end mill. The
carbide end mill includes a plurality of wavy peripheral cutting edges each having alternate crest
portions and trough portions, or a plurality of peripheral cutting edges each having a plurality of nicks
for breaking chips, end cutting edges, and gashes each composed of a plurality of gash surfaces. The
plurality of gash surfaces include a first gash surface serving as a cutting face of the corresponding
end cutting edge, a second gash surface provided on the side toward the rotational center of the tool
axis of the end mill, and a third gash surface provided on the peripheral side of the end mill. A first
gash angle of 15 to 35 is formed between a crossing portion between the first gash surface and the
second gash surface, and a plane perpendicularly intersecting the axis! A second gash angle of 400
to 60 is formed between a crossing portion between the first gash surface and the third gash surface,
and the plane perpendicularly intersecting the axis. The length of a connection portion between the
second gash surface and the third gash surface is not less than 5% the tool diameter as measured
from the tool rotation axis and less than 20% the tool diameter. The peripheral cutting edges are
disposed such that, when a certain peripheral cutting edge is considered a reference peripheral
cutting edge with reference phases in a pitch of the reference peripheral cutting edge, wherein the
distance of each reference phase  is an amount corresponding to a value obtained by dividing the
pitch of the nicks or waveform of the reference peripheral cutting edge by the number of the cutting
edges, and the phase of at least one of the remaining peripheral cutting edges is deviated in the
direction of the tool axis from the corresponding reference phase by an amount corresponding to 5%
or less (excluding 0%) of the pitch. EFFECTS OF THE INVENTION 



The problems of the príor art lnventions have been

poj,nted out ín the above. The proposed irnprovements on end

mil-ls drsclosed an the prlor-art of the above documents are

special-ízed only for longitudínal--feed rnachrnrng or only for

l-ateral-feed machínr-ng. Any of Ehe prior-art documents does

not propose an end miII for mul-ti-functional machining in

wh.:. ch one end mil- l- can per f orm Ehe s e type s o f mach in ing '

Thr.s multi-functional machinrng by one end míII is an

important object of the p.resent invention. The present

invention has been accompl-ished under Ehese círcumstances

and througb recognition of the problem tô so.l-ve. An object

of the present rnvention is to provide a carbide end mil-l-

which enables a mu]-ti-f unctional machrning efficrently by

the singl-e end mrLl from longítudinal-feed cutting, l-ateral-

feed cutting, and to oblique cutting, etc. The present

ínvention also intends to prôvide a carbÍde end rnillr which

can be easily mânufactured aE. ).ow cost, can be re-ground

easrJ-y, can suppress chattering vrbration by dispersing

cutting resistance, and which has a long service life,

Another object of the present rnvention rs to provide a

cutting method performed by use of such an end mrl]-. still

another object of the present ínvention l.s to Provide an end

miJ-J- having the above-described shape and hard coat so as to

maxj.mize the advantages of stable high-speed cutting '

t00321

Moreover, the present Ínvention has an object to

provide an end rnill which can perform combined machining,
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[0077]        In the carbide end mill of one invention, when a certain wavy or nicked peripheral cutting
edge is considered a reference peripheral cutting edge, the phase of at least one of the remaining
wavy or nicked peripheral cutting edges are deviated from the reference phase of the reference
peripheral cutting edge and shifted from one another by an amount corresponding to a value obtained
by dividing the pitch of the nicks or waveform of the reference peripheral cutting edge by the number
of the cutting edges, and the amount of the deviation in the direction of the tool axis from each of the
corresponding reference phase by an amount corresponding to 5% or less (excluding 0%) of the pitch,
preferably, an amount corresponding to 1% to 3% of the pitch. Therefore, cutting resistance is
dispersed, and cutting load is stabilized, whereby chattering vibration can be suppressed. [0078]
In the carbide end mill of one invention, when a certain peripheral cutting edge is considered a
reference peripheral cutting edge, the phase of at least one of the remaining peripheral cutting edges
are shifted from the reference phase of the reference peripheral cutting edge by an amount
corresponding to a value obtained by dividing the pitch of the nicks or waveform of the reference
peripheral cutting edge by the number of the cutting edges, and the amount of the deviation in the
direction of the tool axis from each of the corresponding reference phase by an amount corresponding
to 5% or less (excluding 0%) of the pitch of the peripheral cutting edge, preferably, an amount
corresponding to 1% to 3% of the pitch. This end mill not only suppresses chattering vibration, but
also breaks chips properly, can stably rotate at high speed, and has an extended service life. [0079]
The end mill according to another invention in which the radius of curvature of the tool-end-side
rounded portion of each nick is made smaller than the radius of curvature of the tool-shank-side
rounded portion of each nick and the bottom end of each nick is connected with the tool-shankside
round portion via a portion having a novel shape has a higher chipping resistance. Accordingly, stable
machining can be performed without occurrence of fracture or chipping. Therefore, according to the
present invention, there can be provided a nicked carbide end mill which can perform high-  efficiency
rough machining and high-efficiency semi-finish machining through high-speed cutting, and which has
a long service life. Also, the nick shape according to the present invention improves the cutting
performance of the end mill, to thereby reduce line-shaped marks on a machined surface.
According/y, a workpiece can be machined to have an accurately machined surface. [0080]
Moreover, in the end mill of the present invention, a cutting edge portion formed of carbide is
detachably attached to a tool-holding portion. Therefore, when the cutting edge portion wears, the
cutting edge portion can be exchanged individually for new one of the the end mill of the present
invention maintaining of the above-mentioned effects, such as enhanced chip-breaking performance
and enhanced chip-removing performance, realized through employment of the novel gash shape and
the novel shape of the wavy peripheral cutting edges or the nicked peripheral cutting edges. [0081]
An end mill having wavy or nicked peripheral cutting edges according to the present invention can be
rotated at a speed at least 1.5 times that of a conventional end mill whose peripheral cutting edges
have no phase deviation in the direction of the tool axis. In particular, the hard coat applied to the
peripheral cutting edges enables stable high-efficiency machining.  [0082] 



involving almost all types of cutting operations. and which

copes with various workpieces. The object of the present

invention is essential- for cutting of super-heat-¡esistant

aIIoy and titanium all-oy, whrch demands have rncreased

recentl-y for an aircraft materral or fo.r atomic power

generation plant,
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In particular, the present invention p.rovides a carbide

end niII which Ís good in chíp removabilÍty, can dispe.rse

cutting resistance sufficientl-y, ând can suppress chattering

vib¡aE.ion. even ldhen longiEudinal-feed cutting or obJ-íque

cuttíng is performed at hÍgh rotational speed with an

rncreased depth of cut.
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Meanwhile, even an end mi11 having excel-Ient cutt j-ng

performance rs not accepted in the market if its
manufacturing cost j-s high. Sil-l- another object of the

present rnvention is to provide a ca¡bide end m1l-l r¡hich can

be manufactured easrly at l-ow cost and can be easily re-
ground.

MEANS FOR SOLVING THE PROBLEMS

t 003s1

The pre sent Ínven t ion Ha s accompÌi shed r.¡ith an a im of
developing an end rníIJ. fo¡ hrgh-efficiency cutting which can

achieve a chJ.p removal- quantÍty per unít tirne greater than

that achieved through use of a conventional end miì.l. The

I8

The carbide end mill of the present invention which is coated with a hard coat can have improved
characteristics, can perform cutting at high speed, and can have a long service life, thanks to
synergetic effects; i.e., the combination of the effects of the novel shape of the tool which can disperse
cutting resistance and can suppress chattering vibration to thereby prevent accidental occurrence of
fracture or chipping even when the carbide end mill performs high-speed cutting, and the effect of the
hard coat which prevents oxidation and wear caused by severe high-speed cutting. [0083]
Specifically, the end mill of the present invention can machine at a cutting speed (peripheral speed)
greater than 200 m/min, unlike the conventional end mill whose peripheral cutting edges have no
phase deviation in the direction of the tool axis. Such an effect of high-efficiency machining is attained
by the synergetic effect of the novel shape of the end mill and the hard coat of the present invention.
[0084]       The peripheral cutting edges and gashes covered by the hard coat may be the wavy
peripheral cutting edges or the nicked peripheral cutting edges of the present invention. When the
hard coat covers not only these novel peripheral cutting edges hut also all the gash portions which
satisfy the above-described condition for the gashes shape, damage  to carbide caused by removal of
chips can be suppressed to the greatest possible extent. [0085]        Although a carbide end mill is
expected that it might have a longer service life as compared with a conventional end mill formed of
high-speed tool steel, a nick of fracture is always worried at the cutting edges, because the carbide
end mill is formed of a brittle material. According to the present invention, there can be provided a
carbide end mill with hard coat which can prevent chipping or breakage of the cutting edges and
which has a long service life. [0086]        Since the nicked carbide end mill of the present invention is
configured such that the phases of the nicked peripheral cutting edges are shifted from one another,
chattering vibration can be suppressed without causing fracture or chipping. Accordingly, the present
invention can perform high-efficiency rough machining or high-efficiency semi-finishing machining at a
feed rate of 1000 rum/min or greater, and can have a long service life. [0087]       The carbide end mill
of the present invention in which the gash shape is optimized within a range defined in the present
invention can cope with various types of machining such as longitudinal-feed cutting, lateral-feed
cutting, and oblique cutting. Therefore, the carbide end mill of the present invention can perform
various types of machining  operations, from high-efficiency rough machining to high-efficiency
semi-finishing machining, through high-speed cutting, and can have a long service life. 



inventors of the present ínvention employ an egualJ-y-

separated carbide end mill as a basic type. Because that

type of end Tnill can smoothl-y remove chips while suppressrng

chattering vibration (an important performance parameter of

a cutting tool), and is easy to form cutting edges durJ.ng

manufacture of the end miII . Thl.s is the big advantage from

the viewpoint of productÍvity, The rnven[ors conceived of

the present invenE.ion as a result of studying othe¡ shape-

related factors r,Jhich can suppress chattering vibration to

the maxrmum.

t00361

An end mi 11 o f E.he pre sent r nvent j. on ca n be put 1n t o

practice adopting carbide as a base materral and wavy

perrpheral cutting edges or nicked periphera] cutting edges

as cutting edge.
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The present inventors directed theÍr attentron to Ehe

fact that the above-described oblects can be achieved by

determrning E.he optimal- amount of mutual phase devÍation in

the axl.al- drrection of the wavy peripheral cutting edges or

the nicked peripheral cutting edges under the condrtion of

disposing cutting edges at equal int.ervals in ELre

crrcumferential, direction of the carbi-de end mil-l-. The

present ínventors carried out various studies to fÍnd a

phase deviat j-on amount which mrnimize chatterrng vibration'

enabling the end mtll to endu¡e high-speed cutting, As a

¡esul-t, the inventors devised a carbide end mr.l]- of the
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[0088]        Specifically, any of the carbide end mills of the present invention can perform, at the time
of lateral-feed cutting, high-efficiency machining in which cutting speed is made at least 1.5 times the
cutting speed of a conventional end mill whose cutting edges have no phase shift in the direction of
the tool axis, while greatly suppressing chattering vibration. Moreover, the carbide end mill of the
present invention in which the gash shape is optimized can perform, at the time of oblique cutting,
high-efficiency machining in which cutting speed is made at least 1.5 times the cutting speed of the
conventional end mill. [0089]        The carbide end mill of the present invention can be manufactured
in the same manner as ordinary end mills, because the cutting edges are not separated unequally.
Therefore, the carbide end mill of the present invention can be easily manufactured at lower cost.
Furthermore, since all the flutes of the cutting edges have the same shape, chips are removed
uniformly, and excellent chip removability is attained. Thus, the carbide end mill of the present
invention can have a consistent service life, and can perform high-speed cutting. [0090]         The
carbide end mill according to the present invention can perform high-efficiency machining for a wide
range of workpieces, including those formed of structural steel, structural alloy steel, die steel for cold
or hot working, stainless steel, titanium alloy, and super-heat-resistant alloy, which workpieces have
many applications in the market. [00911        When a conventional end mill is used, the maximum
(limit) tilt angle of the end mill during oblique cutting is about 50. In general, ordinary oblique cutting is
performed while the tilt angle is set to about 3 When the end mill of the present invention is used,
ordinary oblique cutting can be performed while the tilt angle is set to 200 or greater. Therefore, even
when a concave shape, such as a pocket is machined, a drill is not required to be used in combination
with the end mill, and operation of exchanging the drill with the end mill and setup operation become
unnecessary. That is, according to the cutting method performed by use of a carbide end mill of the
present invention, oblique cutting, such as hole machining, can be performed efficiently, and, at the
time of machining of a pocket shape, a number of tool exchange operations and setup operations can
be reduced, whereby the process can be shortened, and the machining time can be shortened. BRIEF
DESCRIPTION OF THE DRAWINGS [0092]           FIG. 1 is an overall schematic view of a carbide
end mill showing one embodiment of the present invention.       FIGS 2(a) and 2(b) are enlarged
cross-sectional views of a peripheral cutting edge taken along line A-A' of FIG. 1, wherein FIG. 2(a) is
an enlarged cross-sectional view of a wavy peripheral cutting edge, and FIG. 2(b) is an enlarged
cross-sectional view of a nicked peripheral cutting edge.        FIG. 3 is a development figure showing
the phases and pitch of the wavy peripheral cutting edges of a conventional end mill in which the
peripheral cutting edges have no phase deviation.        FIG. 4 is a development figure showing the
phases and pitch of the wavy peripheral cutting edges of a carbide end mill of the present invention. 



present invention, which ís characterj.zed Ín that, when

crest portions of a cerEain r,ùavy peripheral cut ting edge or

nicked peripheral- cuttÍng edge are used as a reference,

crest portrons of ôther wavy peripheral cutting edges or

nícked perípheral cutting edges are drsposed such thaE. their
phases are sifted in the axial direction of the end miII
wiLhin a .range rn which fracture or chipping does not occur

at the wavy peripheraJ- cu tt ing edges or the n j- cked

peripheral- cutting edges, e¡hich f¡acture or chipping Hould

otherwrse occur because the end ní1J is fo¡med of ca¡bide.

t0038l

That i s , the pre s en t inven E.i on provì-des an end mÍ II
which has eithe¡ one of the shape selected from multiple

wavy periphera.l cuttíng edges each having al-ternate crest

po.rt ion s and t rough po.rt iôns, or a mu l-t iple per i ph era 1

cutting edges each having a plurality of nicks for breaking

chrps, The end nil-l is characterized in that, when a

certain perípheral cutting edge is consldered a reference

peripheral cutting eige with reference phases in a pj-tch of
the reference perphral cutting edge, wherein the distance of
the reference phâse is an amount corresponding to a value

obtained by dividing the pitch of the nicks or waveform of
the reference pe¡iphe¡al- cuttÍng edge by the numbe¡ of the

cuttÍng edges; and the phase of at least one of the

rema j.ning' peripheral. cuttÍng edges ôther than the reference

peripheral cutting edge is deviated Ín the di¡ection of the

tool axrs from the corresponding reference phase by an
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FIG. 5 is a development figure showing one embodiment of the present invention in which one pair of
wavy peripheral cutting edges of adjacent wavy peripheral cutting edges has no phase deviation from
the respective reference phases lined up in a pitch of the reference peripheral cutting edge, wherein
the same distance of the reference phase is an amount corresponding to a value obtained by dividing
the waveform pitch by the number of the cutting edgesand one cutting edge is deviated from the
corresponding reference phase.       FIG. 6 is a development figure showing the pitch of nicks and the
phase of nicked peripheral cutting edges of a conventional end mill in which the peripheral cutting
edges  have no phase deviation.       FIG. 7 is a development figure showing the pitch of nicks and the
phase of nicked peripheral cutting edges of a carbide end mill of the present invention.        FIG. 8 is a
development figure showing one embodiment in which a pair of nicked peripheral cutting edges of the
adjacent nicked peripheral cutting edges has no phase deviation from the respective reference phase
ranged by equal distance of the reference peripheral cutting edge, which equal distance is obtained by
dividing the nick pitch by the number of the cutting edges of the peripheral cutting edge.        FIG. 9 is
a graph showing cutting resistance for a conventional end mill in which the phases of cutting edges
are shifted from one anther by an equal amount.        FIG_ 10 is a graph showing cutting resistance
for a conventional end mill in which cutting edges are separated unequally.        FIG. 11 is a graph
showing cutting resistance for the case where cutting operation is performed by use of the carbide
end mill of the present invention in which the phases of the waveform peripheral cutting edges are
deviated by an amount corresponding to 2% the waveform pitch which falls in a desired range of the
present invention from the respective reference phases arrayed in equal distance which equal
distance is obtained by dividing the waveform pitch by the number of the cutting edges of the
peripheral cutting  edge.      FIG. 12 is an enlarged view of end cutting edges of FIG. 1 and
neighboring portions.       FIG. 13 is a partial cross-sectional view taken along line C-C' of FIG. 12
schematically showing the shape of a gash taken along a plane parallel to a first gash surface.
FIG. 14 is an overall schematic view of a nicked carbide end mill showing one embodiment of the
present invention.        FIG. 15 is an enlarged cross-sectional view of a nicked peripheral cutting edge
of FIG. 14, taken along line B-B', that is taken along a cutting plane parallel to a line representing the
helix angle of the end mill, for the case where the bottom end of each nick is connected to a
toolshank-side rounded portion via a straight portion. 



amount of 5t or less (excludinq 0t) of the pitch,

t0 039l

Desirably, the end mrl-I of the present inventíon is

configured such that above mentioned amount of each

deviation rs in a range of 1t to 3å of the pítch in the

directron of the tool axrs from the corresponding reference

phase, wheretn the distance of the each reference phase is

an amount corresponding to a value obtained by díviding the

pitch of the nrcks or wavefo¡m of the reference perÍpheral

cuttj,ng edge by the number of the cuttj.ng edges.
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The end miII of the present invention is used to

machine a Horkpiece formed of a hardened material whose

hardness exceeds 40 HRc, which is cal-l-ed a d¡.fficult-to-cut

material-. The target workpiece of the present r.nventr.on j.s

that r^rhen an end mi 11 fo rmed of hrgh- speed tooL s tee I i s

used, irrespectlve of the shape of the tool-, machining of

such a workpiece is dif f icul-t 1n actua.Iity, because the tool-

Lj,fe becomes extremely short under conditions for high-

effrciency machj,ning. Since the base mate.rial of the end

miIl of the present lnvention is carbide, tbe s¡avy

peripheral cutting edges or the nicked periphe¡aJ. cutting

edges each have greatJ-y improved wea.r resistance' as

compâred wrth conventional end rnills formed of high-speed

tool steel,. However, since the phases of the peripheral

cutting edges are shifted from one another, the peripheral

cutting edges suffer fracture or chipPj,ng, which occur
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FIG. 16 is a view corresponding to FIG. 15 for the case where the bottom end of each nick is
connected to a toolshank-side rounded portion via a curve portion convexed toward the nick groove.
FIG. 17 is a view corresponding to FIG. 15 for the case where the bottom end of each nick is
connected to a toolshank-side rounded portion via a straight portion and a curve portion convexed
toward the nick groove.        FIG. 18 shows a conventional nicked carbide end mill in which the bottom
end of each nick is connected to a toolshank-side rounded portion via a curve portion convexed
toward the direction opposite the nick groove,          FIG. 19 is a view showing the nick shape
described in Patent Document 3 in which a portion connecting each nick and a corresponding
peripheral cutting edge portion has a sharp edge shape.        FIG. 20 is a view corresponding to FIG.
19 and showing a rounded nick shape described in Patent Document 4.       FIG. 21 is a view showing
the nick shape described in Patent Document 4 in which a connection portion between each nick and
a corresponding peripheral cutting edge has a radius of curvature smaller than that of a concave
circular portion forming the nick groove, and the radius of curvature is made equal between the tool
end side and the tool shank side.        FIG. 22 is a view corresponding to FIG. 21 and showing the
nick shape described in Patent Document 4 in which the radius of curvature on the tool shank side is
made larger than that on the tool end side.        FIG. 23 is a development figure showing the pitch of
nicks and the phase of peripheral cutting edges of a conventional nicked carbide end mill in which the
peripheral cutting edges have no phase deviation.        FIG. 24 is a development figure showing the
pitch of nicks and the phases of peripheral cutting edges of the nicked carbide end mill of the present
invention_        FIG. 25 is a development figure showing one embodiment of the present invention in
which a pair of nicked peripheral cutting edges of the adjacent nicked peripheral  cutting edges has no
phase deviation from the respective reference phases arrayed in equal distance which equal distance
is obtained by dividing the nick pitch by the number of the cutting edgesand one cutting edge is
deviated from the corresponding reference phase.       FIGS. 26(a) and 26(b) are views corresponding
to the cross-sectional view of a peripheral cutting edge of FIG. 1 taken along line A-A' and showing a
hard coat applied to the carbide end mill of the present invention, wherein FIG. 



because of brittl-eness of carbide.

t0 0411

In view of the above-described drawback of the carbide

end mill, the present inventors determíned, through a large

number of cutting tests. the optinal ar.¡angement of the

pitches of the nrcks or waveforms of the peripheral cutting
edges of the carbíde end míII, and found that at least one

of phases of the perrphe.ral cuttrng edges must be deviated

in the direction ôf the tool axis from the respective

.reference phases by a considerably smal-1 amount of 5T or

l-ess (excltrding 03) of the piEch of the ¡eference peripheral-

cutting edge. wherern the distance of the each reference

phase i s an amount co.r.respond j-ng t o a value cal- cula t ed by

dividing the pÌtch of the nicks or waveform of the refe.rence

peripheraJ. cuttlng edge by the number of the cutting edges.

loo42l

In the present invention, phase devretion is essential

ând the amount of phase devj.ation must be 5t or l-ess,

preferabLy 11,' to 3t. When the amount of phase devíatio¡

exceeds 5Ê, fracture and chÍpping become more l-ikel-y tô

occur at the wavy peripheral cutting edges or nicked

peripheral cutt j-ng edges of the carbide end mill-. One of

the mo st impor E.ant f ea tu re o f the p.re s ent inven t ion re s ide s

rn emplo]¡ment of the carbide end milÌ and optr-mrzatron of

the phase deviation amount for enabling high-speed rough

cu t ting .

1004 3l
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26(a) is an enlarged cross-sectional view of a wavy peripheral cutting edge, and FIG. 26(b) is an
enlarged cross-sectional view of a nicked peripheral cutting edge.       FIG. 27 is an overall schematic
view of an end mill showing one embodiment of the present invention configured such that a cutting
edge portion is detachably attached to a tool-holding portion.       FIG. 28 shows, for comparison, a
flowchart of a process in which engraving is performed by use of a conventional end mill and a
flowchart of a process in which engraving is performed by use of an end mill according to the present
invention.       FIG. 29 is a view showing an example laminate structure of a hard coat suitable for a
hard-coat-coated end mill of the present invention, the hard coat being composed of an outermost
layer and an innermost layer.       FIG. 30 is a view showing an example laminate structure of a hard
coat suitable for the hard-coat-coated end mill of  the present invention, the hard coat being a
composite layer formed by repeating an operation of laminating a first layer having substantially the
same composition as the innermost layer and a second layer having substantially the same
composition as the outermost layer is repeated at least once.       FIG. 31 is a view showing an
example laminate structure of a hard coat suitable for the hard-coat-coated end mill of the present
invention, the hard coat being composed of an outermost layer, an intermediate layer, and an
innermost layer. MODE FOR CARRYING OUT THE INVENTION [0093]        Embodiments of the
present invention will now be described with reference to FIGS. 1 to 31, while comparing with
conventional examples. In the case of the embodiments of the present invention described below,
hard coat is not necessarily required. However, desirably, hard coat is provided in order to improve
performances. FIG. L is an overall schematic view of a carbide end mill showing one embodiment of
the present invention. FIG. 1 shows an example carbide end mill which has a tool diameter D and has
flutes 16 for chip removal and four peripheral cutting edges 1 on the periphery thereof. The peripheral
cutting edges are wavy peripheral cutting edges extending from a tool end side 2 toward a shank side
3. The number of the cutting edges can be changed as needed so long as the number of the  cutting
edges is two or more, which enables phase shift among the cutting edges. For example, in the case
where the end mill is used to cut aluminum or the like, the number of the cutting edges is set to two or
so in order to make chip pockets for chip removal a little larger. In the case where he end mill is used
to cut hard material, the number of the cutting edges can be increased up to eight so as to cope with
high feed rates. [0094]        FIGS. 2(a) and 2(b) are enlarged cross-sectional views of a peripheral
cutting edge taken along line A-A' of FIG, 1. FIG. 2(a) is an enlarged cross-sectional view of a wavy
peripheral cutting edge. As shown in FIG. 2, a normal wavy cutting edge has a waveform whose wave
height is indicated by 5 and which includes crest portions 6 and trough portions 7 repeatedly
appearing at a waveform pitch 4. FIG. 2(b) is an enlarged cross-sectional view of a nicked peripheral
cutting edge. Each nicked peripheral cutting edge has a shape which has a nick (depth is denoted by
9) and which is repeated at a nick pitch 8, which is the interval of intersections 20 between the
peripheral cutting edge and nicks. Thus, the nicked peripheral cutting edge can break chips to thereby
reduce cutting resistance. 



According to the present invention, desPite the end

miII being formed of carbrde, manufacture of the tool- rs

easy, and fracture or chipping does ¡oE occur, because the

wavy peripheral cutting edges or the nÍcked perrPheral

cuttrng edges are shaped such that their phases are shrfEed

from one other, and chaEterrng vibration durrng machíníng

can be suppressed. Accordingly, it becomes possibÌe to

perform high-efficiency rough nachining or hígh-efficiency

semi-finrshrng mâchining through hígh-speed cutting, and to

provide a carbide end míIl- having a long service l-ife.

t004 4l

The effect of the carbrde end mll-L of the Present

rnvenEion can be attarned even r.rhen the shape of the wavy

peripheral cutting edge or the nicked perÍpheraf cutting

edge involving phase deviation is applied to only one of the

peripheraÌ cutting edges -

That is, the carbide end miII of the present invention

may be configured such tbat the carbide end milf has three

or more peripheral cutting edges; aE least e pair of

peripheral cutcing edges of the adjacent perJ.pheral cuttÌng

edges have no phase devration frorn the respective ¡eference

pha ses-whe re in the dí stance of the each re f erence shape

is an amount correspondíng to a vafue obtained by dividing

the pitch of the nicks or waveform of the refe¡ence

peripheral cuttj.ng edge by the number of the cutting

edge s---------and the amoun Es o f deviat r-on of the rema i n ing

peripheral cutting edges from the resPectíve reference
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[0095]       The waveform pitch and phases of wavy peripheral cutting edges of the carbide end mill of
the present invention and those of a conventional end mill will be  described for comparison with
reference to FIGS. 3 to 5. FIG. 3 is a development figure showing the phases and pitch of the wavy
peripheral cutting edges of a conventional end mill in which the peripheral cutting edges have no
phase deviation. FIG. 4 is a development figure showing the phases and pitch of the wavy peripheral
cutting edges of a carbide end mill of the present invention. FIG. 5 is a development figure showing
the one embodiment of the present invention in which one pair of wavy peripheral cutting edges of
adjacent wavy peripheral cutting edges has no phase deviation from respective reference
phaseswhichare shifted from one another by an amount corresponding to a value obtained by dividing
the waveform pitch by the number of the cutting edgesandone cutting edge is deviated from the
corresponding reference phase. Notably, in FIGS. 3 to 5, the positions of crest portions of the
waveform are indicated by circular marks. [0096]       As shown in FIG. 3, in the case of the
conventional end mill, a first wavy peripheral cutting edge, which is illustrated at the top in the
drawing, is a reference peripheral cutting edge 10. A waveform pitch 4, which is a distance from a
certain crest portion to the next crest portion, [in the case of a nicked peripheral cutting edge, a nick
pitch 8, which is a distance from the intersection of a certain peripheral cutting edge with a certain nick
to the next intersection of the next peripheral cutting edge with   the next nick) is divided by four so as
to obtain each reference phase 14. The remaining peripheral cutting edges are disposed such that
crest portions of second, third, and fourth wavy peripheral cutting edges 11, 12, and 13 are
successively arranged with the distance of the each reference phase 14 (every 114 the pitch of the
reference peripheral cutting edge 10) therebetween. [0097]        In such an arrangement, the
reference phase 14 between the crest portions of a certain wavy peripheral cutting edge and those of
a wavy peripheral cutting edge adjacent thereto is constant among all the wavy peripheral cutting
edges. Therefore, the amount of cutting of a workpiece by the end mill is equally shared by each of
the wavy peripheral cutting edge. In the case where each cutting edge cuts the workpiece in the same
amount, resonance occurs during machining, as in the case of an equal separation end mill, which
has been described in the prior art section. Therefore, chattering vibration is apt to be generated.
[0098]        In contrast, in the case of the end mill of the present invention, as shown in FIG. 4, the
crest portion of the phases of the second wavy peripheral cutting edge 11 which are disposed
adjacent to the reference peripheral cutting edge 10, and the phase of the fourth wavy peripheral
cutting edge 13, are shifted equally by a deviation amount 15 from each of the reference phase 14
wherein the distance of each 



phases are unequal from one another,
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To find proper cutting edge amounts of deviatron from

the respective reference phase ranged by equâl- distance in
the reference prepheral which equal- distance Ís obtained by

dividing the pitch of the nicks of the peripheral- refe¡ence

cutting edge by the number of the cuttÌng edges, to mÍnimize

chatterrng vibration and enable the end mrl-l to endure high-

speed cuttrng,the p.resent inventors conducted varrous

studies. The present inventors also study on the shape of
nrcks vJhich does not raj.se a probl-em of fracture or chippíng

of the peripheral cuttinq' edges even when high-speed cuEtj-ng

is performed. As a resul-t, the present Ínventors found that
the ca¡bide end mill- of the present rnvention is desirabty

configured such that, when a certain nicked perÍpheral-

cutting edge iB used as a reference, at l-east one remaining

nicked perípheral cutting edge rs disposed such that the

phase of nicks of the at J.east one perÌpheral cutting edge

rs shífted rvithin a range in which fracture or chipping does

not occu.r aL the nicked peripheral cutting edges, and the

nícks have an Ímproved shaped in order to suppress, to the

possible extent, the rnfl-uence on chippíng caused by cuttrng

.1. oad rncreas ed as a re su It of pha se deviat í on .

t004 6 ¡

That is, the end miII of the present invention having a

novel nick shape is desirably configured such that each

peripheral cuttrng edge has a pluraJ-ity of nicks; when one
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reference phase 14 is obtained by dividing the waveform pitch 4 by four. Specifically, the deviation
amounts 15 of the reference phases 14 of the wavy peripheral cutting edges, other than the reference
peripheral cutting edge 10, are determined such that the phase of at least one wavy peripheral cutting
edge is deviated by an amount corresponding to 5% or less (excluding 0%) of the waveform pitch 4 of
the reference peripheral cutting edge 10 in the direction of the tool axis from the corresponding
reference phase 14, the distance of the reference phase 14 obtained by dividing the wavy form pitch 4
by four. [0099]        One of the embodiment of the carbide end mill of the present invention shown in
FIG. 4 is that the waveform pitch 4 of the reference peripheral cutting edge 10 is 1 mm and the
reference phase 14 is obtained by dividing 1 mm of waveform pitch 4 by four that is the number of the
wavy peripheral cutting edge. In such a case, the deviation amount 15 of the phase of the second
wavy peripheral cutting edge 11 from the corresponding reference phase is 0.02 mm (2% the
waveform pitch 4), the deviation amount 15 of the phase of the third wavy peripheral cutting edge 12
from the corresponding reference phase is 0 mm, and the deviation amount 15 of the phase of the
fourth wavy peripheral cutting edge 13 from the corresponding reference phase is 0,02 mm (2% the
waveform pitch 4). The deviation amount 15 assumes a positive value when the phase is deviated
toward the shank  side 3, and a negative value when the phase is deviated toward the tool end side 2.
[0100]        In the case of another end will of the present invention shown in FIG. 5, peaks of the
phase of the second wavy peripheral cutting edge 11 disposed next to the reference peripheral cutting
edge 10 is deviated from the corresponding reference phase by the deviation amount 15, and the
phases of the adjacent third wavy peripheral cutting edge 12 and the fourth wavy peripheral cutting
edge 13 are not deviated from the corresponding reference phase 14 of the reference phases_ The
deviation amounts 15 of the phases of at least one wavy peripheral cutting edges, other than the
reference peripheral cutting edge 10, are determined such that the deviation amount 15 is 5% or less
(excluding 0%) of the waveform pitch 4 of the reference peripheral cutting edge 10 and the peripheral
cutting edge with that deviation amount 15 from the reference phase 14 is set to the direction of tool
axis. As described above, the carbide end mill is configured such that the carbide end mill has three or
more wavy peripheral cutting edges; at least a pair of peripheral cutting edges of the adjacent
peripheral cutting edges has no phase deviation from the respective reference phases; and the
amounts of deviation of the remaining peripheral cutting edges from the respective reference phases
are unequal from one another. Even in such a case, chattering vibration can be suppressed, and high-
efficiency machining can be performed through high speed cutting. [0101]       An example of the end
mill in which the phase of only one cutting edge is deviated from the corresponding reference phase
will be described below. A small-diameter end mill used to form a groove in a workpiece often has
three (odd number) cutting edges in order to secure chip removeal. In such a case, according to the
specifications described in Patent Document 1, all the deviation amounts 15 from the reference phase
14 of the mutually adjacent peripheral cutting edges are rendered different from one another. In
contrast, according to the present invention, the deviation amount 15 from the reference phase 14 is
limited to only one peripheral cutting edge. [0102]        In the case of an end mill which has five (odd
number) cutting edges, according to the specifications described in Patent Document /, two kinds of
deviation amounts 15 from the reference phases are required. In contrast, according to the present
invention, only one type of deviation amount 15 from the reference phases 14 is required. Even in
such a case, chattering vibration can be suppressed, high-efficiency machining can be performed
through high-speed cutting, and service life can be extended according to the present invention.
[0103] 



peripheral cutting edqre and its nicks are viewed on a cross

sectÍon skewed at an angle equal to a helix angJ-e of the end

miII, opposite ends of each nÍck are smoothly connected to

adjacent po.rtrons of the perípheraÌ cutting edge via rou¡ded

portions; and the radrus of curvature of the tooÌ-end-srde

round po rt i on of tlre ní ck r s smaJ-.1-er than that of the tool-

shank-side round portion of Ehe nick.

[0047]

The nicked carbide end miII of the present lnventlon is

enabled to pe.rform cutting at a hrgher speed, as cornpared

r"rrth convent i onal- end mi 11s, by mean s o f changing the

amounts of devration from the respectrve ¡eference phases

ranged by equal distance in the peripheral cutting edge,

which equal distance ís obtained by dividj-ng Ehe pilch of

the nicks of the perj-pheral cutting edge by the number of

the cutting edg'es. Therefore, employment of severer cutting

cond:-tions results Ín increased possibility of occurrence of

chipping at the perípheraJ- cutting edges. In this

connection, the present inventors found that specr-al

attentron must be given to the shape of the nj-cks, ircluding

the shapes of the opposite ends of each neck, so as tô

prevent occurrence of chipping at the perrpheral cutEing

edges, which chipping would otherwrse occur due to load

during high-speed cutting.

[0048J

In the case of a conventional carbide end mil-l- with

nicks of thrs type, an average feed rate for securing an
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In the carbide end mill of the present invention, as described above, when the positions of the crest
portions of each wavy peripheral cutting edge are deviated, the amount of cutting of a workplace by
the end mill is unequally shared by the cutting edges, whereby chattering vibration can be
suppressed. [0104]       The results of an experiment in which cutting resistance and chattering
vibration were measured for a conventional end mill in which peripheral cutting edges have no phase
deviation and a carbide end mill of the present invention, will be described with reference to FIGS. 9 to
11. [0105]       FIG. 9 is a graph showing cutting resistance for a conventional end mill in which the
phases of cutting edges are shifted from one anther by an equal amount. FIG. 10 is a graph showing
cutting resistance for a conventional end mill in which cutting edges are separated unequally. FIG. 11
is a graph showing cutting resistance for the case where cutting operation is performed by use of a
carbide end mill of the present invention. The end mill of the present invention has peripheral cutting
edges in which phases are deviated from the respective reference phases of peripheral cutting edge.
The respective reference phase is arranged equally with the distance value obtained by dividing the
pitch of the wave by the number of the cutting edge. The amount of the deviation is 2% the waveform
pitch, which  falls within a preferred range of the present invention in Pig. 11. 10106]       A workpiece
was formed of structural steel, and an end mill used for measurement was formed of carbide, and had
a tool diameter D of 8 mm and four cutting edges. Data were acquired in a state in which the end mill
was forming a groove in the workpieces under the following cutting conditions: N = 8000 rpm (Vc =
200 m/min); Vf = 3000 mm/min (fa = 0.09 mm/tooth), and axial cutting amount = 8 mm. Chattering
vibration was determined from the amplitude of the waveform of cutting resistance. [0107]        As
shown in FIG. 9, in the case of the conventional end mill in which the cutting edges had no phase
deviation, the amplitude of the waveform of cutting resistance was 251.9 N (Newton). This means that
a cutting force acts on a workpiece at a period corresponding to a value obtained by multiplying the
rotational speed at the time of cutting by the number of the cutting edges, and resonance occurs at a
frequency corresponding to that period, whereby chattering vibration is generated. In particular, during
high-speed cutting, resonance is more likely to occur, and the magnitude of chattering vibration
increases. As shown in FIG. 10, in the case of the conventional end mill in which cutting edges are
separated unequally, the amplitude of the cutting resistance waveform was 151.9 N. As shown in FIG.
11, in the case of the end mill of the present invention, the amplitude of the cutting resistance
waveform was 146.1 N, and the amplitude of the cutting resistance waveform of the end mill of the
present invention was the smallest, 



ave¡age surface roughness is about 500 mm,/min, However,

Ehrough use of a nicked carbide end lnill in which the phases

of the ni-cks âre deviated in the dlrection of the tool axís
and rounded portions are provided on opposite ends of each

nick, feed rate cân be rncreased to a .rate approximately

double the conventional feed raE.e, However, even rn such a

case, the feed rate cannot exceed a l-írnit of 800 rnm/min to
I0 00 TrÌ¡n,/mrn, ând, in high-speed cutting at a feed ratc
exceedÍng that limit, chipping or the l-ike occurs at the

perrpheral cutting edges due to load produced as a ¡esul-t of
high-speed cutting. Therefore, an end miJ,I which rs

prescrrbed only for the shape of opposrte ends of each nick
and the amounts of deviat j.on froh the respec¿ive reference

phases of Lhe reference peripheral cutting edge, whereín the
d¡-stance of the reference phase ís an amount corresponding

to a value obtained by dividing the pitch of the nicks of
the peripheral- reference edge by the number of the cuttÌng
edges---€ncôunt e rs difficulty in performr-ng cutting
operation at higher speed.
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Therefore, in the carbide end mil-l- of the present

invention, which may be used under severe conditions

involvrng a feed rate exceedrng 1000 mm,/min, it is ímpo¡tant

to consider nôt only the radiuses of curvature at opposite

ends of each nick, buE. aJ.so the shape of each nick. That is,
the carbÍde end mill of the present inventron Ís desirably
shaped such that the bottom end of each nick rs connected
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[0108]       The end mill of the present invention is configured such that the end mill includes a plurality
of wavy peripheral cutting edges each having alternate crest portions and trough portions. When a
certain peripheral cutting edge is considered a reference peripheral cutting edge with the equally
distant reference phases which distance is obtained by dividing the wave pitch of the reference
peripheral cutting edges by the number of the cutting edges, and the phase of at least one of the
remaining peripheral cutting edges is deviated in the direction of the tool axis from the corresponding
reference phase of the reference peripheral cutting edges by an amount corresponding to 5% or less
(excluding 0%) of the waveform pitch. When the end mill of the present invention is used, the amount
of cut by an edge slightly differs among each of the peripheral cutting edges. Therefore, even when
highspeed cutting is performed, cutting resistance is dispersed, and cutting load becomes stable,
whereby chattering vibration can be suppressed. [0109]      The reason for determining the phase
deviation amount such that it becomes equal to or less than 5% (excluding 0%)  of the waveform pitch
will be described below. In the case where the phase deviation amount is greater than 5%, the
amount of cutting greatly differs among the peripheral cutting edges, and cutting load concentrates on
the peripheral cutting edge having the largest phase deviation amount. Accordingly, breakage of the
tool or chipping of the wavy peripheral cutting edge occurs, whereby the service life of the end mill
becomes short as a whole. [0110)        Patent Document 1 discloses an example in which cutting was
performed by use of an end mill which was formed of high-speed steel and in which the phase
deviation amount was set to about 6%. If high-speed cutting is performed by use of an end mill of the
present invention whose base material is carbide and in which the phase deviation amount was set to
the same value, variation of cutting load increases, and chipping occurs at the wavy peripheral cutting
edge having the largest deviation amount. [0111]        In the case where a workpiece formed of a
material having a good machinability such as cast iron is machined by use of an end mill whose base
material is high-speed tool steel having a high toughness at a cutting speed of 80 m/min or less, the
workpiece can be machining without problem. However, in the case where a carbide end mill is used
for performing higher-efficiency machining, the above-mentioned phase deviation amount of 6% is
excessively large, and the  problems of chipping, fracture, etc. occur. This was confirmed through an
experiment in an example to be described later. [0112]        At present machining sites where dies and
parts are machined, there is required an end mill which can machine a hardened material having a
hardness greater than 40 HRC, as well as steel not having hardening treatment. End mills formed of
high-speed tool steel cannot satisfy the above-mentioned need, irrespective of their shapes, because
their service lives become extremely short. [01/3]        In order to enable high-efficiency machining or
cutting of a hard material, which is common in such machining sites, the present invention provides a
carbide end mill in which the phases of the wavy peripheral cutting edges are deviated optimally and
which is characterized by the phase deviation amount which prevents fracture or chipping during
high-speed cutting. The phase deviation amount is set to 5% or less. Desirably, the phase of at least
one wavy peripheral cutting edge is deviated in the direction of the tool axis from the corresponding
reference phases of the reference peripheral cutting edge by 1% to 3% the waveform pitch. 



with the tool-shank-síde round port)-on via a straight

portion or a curve portÍon which rs convexed toward the nrck

fJroove.
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Thât is, a nicked carbrde end mill according to anothe.r

invention is a carbide end mil-l- characterized ln that the

bottom end of the groove of each nick ís connected Hith the

tool-shank-síde round portion vra a straight port j.on or a

curve po¡tion which l.s convexed toward the nick groove, or

connecEed with the tool--shank-side round portion via a

straight portion and a curve portion which ís convexed

toward the nick.
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In the end mill of the present tnvention, the amounts

of deviation from the respective reference phases of

pe.rrpheral cutting edge, wherein the distance of the

reference phase is an amount corresponding tô e va.lue

obtained by dividing the pitch of the nicks of the

peripheral cuttÍng edge by the number of the cutting

edges-are made rrnequaJ-. As a result, the end mill of the

present invention can perform cutting operation at speed far

above conventional, speed. Howeve¡, since the cutting Ioad

acting on Ehe end rnill rncreases in such cutting operatíon,

the consíderatÍon of and measure against chipping and

breakage become more rmpôrtant. The technÍca1 idea of

designing a carbrde end rnill in consideration of

conEradictory advantages and disadvantages cannot be
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[0114]       As described above, the carbide end mill of the present invention in which the phases of
the wavy peripheral cutting edges are deviated can be used to machine a workpiece formed  of
structural steel, structural alloy steel, die steel for cold or hot working, hot-rolled die steel, stainless
steel, titanium alloy, or super-heat-resistant alloy. Even in such a case, chattering vibration can be
suppressed, breaking of chips can be performed properly, the end mill of this invention can be stably
rotated at high speed, and the end mill can have an extended service life. [0115]       Next, a carbide
end mill of the present invention which has nicked peripheral cutting edges will be described. FIGS. 6
to 8 are development figures which show, for comparison, the nick pitch and phases of nicked
peripheral cutting edges of a carbide end mill of the present invention and those of a conventional end
mill. FIG. 6 is a development figure showing the pitch of nicks and the phase of nicked peripheral
cutting edges of a conventional end mill in which the peripheral cutting edges have no phase
deviation. FIG. 7 is a development figure showing the pitch of nicks and the phase of nicked
peripheral cutting edges of a carbide end mill of the present invention. FIG. 8 is a development figure
showing one embodiment in which a pair of nicked peripheral cutting edges of the adjacent nicked
peripheral cutting edges has no phase deviation from the respective reference phases with equal
distances which are obtained by dividing the nick pitch by the number of the cutting edges, and one
cutting edge is deviated from the corresponding reference phase. Notably, in FIGS. 6 to 8, the
positions of  intersections between the peripheral cutting edges and nicks are indicated by circular
marks. [0116]       As shown in FIG. 6, in the case of the conventional end mill, a first nicked peripheral
cutting edge, which is illustrated at the top in the drawing, is a reference peripheral cutting edge 10. A
nick pitch 8 is a distance from the intersection 20 between a certain nick and the reference peripheral
cutting edge 10 to the next intersection 20. Each reference phase 14 is obtained by dividing the nick
pitch 8 by four, and the remaining peripheral cutting edges are arranged such that the intersections 20
between the corresponding nicks and the second, third, and fourth nicked peripheral cutting edges 17,
18, and 19 are successively arranged with same distance of the reference phase 14 (1/4 the pitch of
the reference peripheral cutting edge 10) therebetween. [0117]       In such an arrangement, the
reference phase 14 between the intersections 20 of a certain nicked peripheral cutting edge and those
of a nicked peripheral cutting edge adjacent thereto is constant among all the nicked peripheral cutting
edges. Therefore, the amount of cutting of a workpiece by the end mill is equally shared by each of
the nicked peripheral cutting edges. In the case where each cutting edge cuts the workpiece in the
same amount, resonance occurs during machining, as in the case of an equal separation end 



obtained by combining any reference of the above-described

conventional prior a¡ts and oLher conventional- techniques.
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lilhen cutting Ís performed by use of the carbide end

mil-l- having nicked peripherel cutting edges according to the

present inventron, the cutting vofume sl-íghtly differ arnong

each nicked peripheral cutting edges, Therefore, even when

high-speed cutting is performed, cutting resistance is
reduced by dispersion, and cutting l-oad becomes stable,
Hhereby chatE.ering vibraEion can be suppressed, Therefore,

the carbide end ¡níII having nÍcks of the present invention
can yíeId effects sirníIar to those attained through use of a

carbide end miJ.l- having wavy periphe¡al- cutting edges.
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Desirably, the nicked carbide end mÍl-l of the plesent

invention is configured such thet, when the tool diarneter of
the nicked carbÍde end mill j.s represented by D, the radius

of curvature of the tooL-end-side rounded portiôn of each

nick is 0.OID to 0.03D, the radius of curvature of the tool-
shank-side .rounded portion ôf each nick is 1.5 to 2 times

the radíus of curvature of the tool--end-side rounded porEion

of each nick, and the depth of each nick is 0.0ID to 0.05D.

t00s4 l

Next, the gash shepe in the present invention and its
effect wi 1l- be descrÍbed.

t00ss l

Nicked peripberal cutting edges or wavy peripheral
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mill, which has been described in the prior art section. Therefore, chattering vibration is easily
generated. [0118]       In contrast, in the case of the end mill of the present invention, as shown in FIG.
7, The intersection 20 of a certain nick and each of the second nicked peripheral cutting edge 17
which are disposed adjacent to the reference peripheral cutting edge 10, and the fourth nicked
peripheral cutting edge 19, are deviated from respective ones of the reference phases 14 in the
direction of the tool axis by a deviation amount 15. The value of the reference phase 14 is obtained by
dividing the nick pitch 8 by four--by a deviation amount 15. Specifically, the deviation amounts 15 of
the phases of the second nicked peripheral cutting edge 17 and the fourth nicked peripheral cutting
edge 19 are determined such that the phase of at least one nicked peripheral cutting edge is deviated
in the direction of the tool axis from the corresponding reference phase 14, by an amount
corresponding to 5% or less (excluding 0%) of the nick pitch 8 of the reference peripheral cutting edge
10. [0119]       FIG. 7 shows an example carbide end mill of the present invention configured such that
the nick pitch 8 of the reference peripheral cutting edge 10 is 1 mm. In such a case, the deviation
amount 15 of the phase of the second nicked peripheral cutting edge 17 from the corresponding
reference phase 14 of the reference peripheral cutting edge   is 0.02 mm (2% the nick pitch 8), the
deviation amount 15 of the phase of the third nicked peripheral cutting edge 18 from the
corresponding reference phase 14 is 0 mm, and the deviation amount 15 of the phase of the fourth
nicked peripheral cutting edge 19 from the corresponding reference phase 14 is 0.02 mm (2% the nick
pitch 8), The deviation amount 15 is defined as a positive value when the phase is deviated toward
the shank side 3, and a negative value when the phase is deviated toward the tool end side 2. [0/20j
In the case of another end mill of the present invention shown in FIG. 8, the intersection 20 of a
certain nick and the second nicked peripheral cutting edge 17 disposed next to the reference
peripheral cutting edge 10 is deviated from the corresponding reference phase 14 by the deviation
amount 15, and the phases of the adjacent third nicked peripheral cutting edge 18 and the fourth
nicked peripheral cutting edge 19 are not deviated from the corresponding reference phases 14.
[0121]       In FIG. 8, the deviation amounts 15 of the phases of the nicked peripheral cutting edges,
other than the reference peripheral cutting edge 10, from the respective reference phases 14 are
determined such that the deviation amount 15 of the phase of at least one nicked peripheral cutting
edge from the corresponding reference phase 14 is 5% or less (excluding 0%) of the nick pitch 8 of
the reference  peripheral cutting edge 10. Furthermore, as in the same manner of the
above-mentioned carbide end mill of the present invention which have wavy peripheral cutting edges
and in which only one of the peripheral cutting edges has the phase deviation amount 15, when the
number of the cutting edges is an odd number, by means of making the phase deviation amount 15 of
only one peripheral cutting edge different from those of the remaining peripheral cutting edges, the
end mill can suppress chattering vibration, can perform high-efficiency machining through high speed
cutting, and can have an extended service life.        The reason for configuring the carbide end mill of
the present invention having nicked peripheral cutting edges such that the deviation amount 15 of the
phase of each peripheral cutting edge becomes equal to or less than 5$ (excluding 0%) of the nick
pitch 8 will be described below. In the case where the phase deviation amount is greater than 5%, the
amount of cutting greatly differs among the peripheral cutting edges, and cutting load concentrates on
the peripheral cutting edge having the largest phase deviation amount. Accordingly, breakage of the
tool or chipping of the nicked peripheral cutting edge occurs, whereby the service life of the end mill
becomes short as a whole. Preferably, the phase of each nicked peripheral cutting edge is deviated in
the direction of the tool axis from the corresponding reference phase 14 by 1% to 3% the nick pitch 8.
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[0122]        As described above, the carbide end mill of the present invention in which the phases of
the nicked peripheral cutting edges are deviated from the respective reference phases can be used to
machine a workpiece formed of structural steel, structural alloy steel, die steel for cold or hot working,
stainless steel, titanium alloy, or superheat-resistant alloy. Even in such a case, chattering vibration
can be suppressed, breaking of chips can he performed properly, the end mill can he stably rotated at
high speed, and the end mill can have an extended service life. [0123]        The distinctive nick shape
of the nicked carbide end mill of the present invention will be described, together with the nick shape
of a conventional end mill, for comparison with reference to FIGS. 14 to 22. FIG, 14 is an overall
schematic view of a nicked carbide end mill showing one embodiment of the present invention. As
shown in FIG. 14, the end mill of the present invention has an end mill body which has a tool diameter
D and which has a plurality of peripheral cutting edges 1 having a helix angle 0. Nicks 34 for breaking
chips are provided on the outer circumference of the end mill body at predetermined intervals from the
tool end side 2 toward the shank side 3. [0124] The detailed cross-sectional shape of the nicks 34 of
the nicked carbide end mill of the present invention will be described with reference to FIGS. 15 to 17.
The detailed cross-sectional shape of the nicks 34 of a conventional nicked end mill will he described
with reference to FIGS. 18 to 22. FIG. 15 is an enlarged cross-sectional view of a nicked peripheral
cutting edge of FIG. 14, taken along line B-B', that is taken along a cutting plane parallel to a line
representing the helix angle of the end mill, for the case where the bottom end of each nick groove is
connected to a tool-shank-side rounded portion via a straight portion. [0125]        Since each
peripheral cutting edge of the end mill has a predetermined helix angle 0, the B-B' cross section is a
cross section of nicks and a peripheral cutting edge taken along a cutting plane parallel to a line
representing the helix angle of the end mill. Notably, in FIGS_ 15 to 17, which show an example end
mill of the present invention and FIGS. 18 and FIGS. 20 to 22 which show a conventional end mill, for
convenience, the radius of curvature of an circular portion (rounded portion) 35 present on the tool
end side of each nick is presented by Al, and the radius of curvature of an circular portion (rounded
portion) 36 present on the shank side of the nick is presented by R2. Hatching in each of FIGS. 15 to
22 indicates a cross section of an end mill. [0126] In the nicked carbide end mil/ of the present
invention,  each nick 34 is configured such that each nick groove 39 is connected to the
corresponding peripheral cutting edge 1 via the tool-end-side rounded portion 35 having the radius R1
of curvature and the tool-shank-side rounded portion 36 having the radius R2 of curvature. The
curvature radius R1 of the tool-end-side rounded portion of each nick is rendered smaller than the
curvature radius R2 of the tool-shank-side rounded portion of each nick. Furthermore, preferably, a
bottom portion 37 of each nick groove 39 has a concave shape, and is connected, at a bottom end 38
of the nick groove 39, to the tool-shank-side rounded portion (having the curvature radius R2) via a
straight portion or a convex curve. [0127]      In the nicked carbide end mill of the present invention,
the bottom end 38 of each nick groove is connected to the tool-shank-side rounded portion 36 by one
of three methods, as shown in FIGS, 15 to 17. In the representative example already described with
reference to FIG. 15, the bottom end of each nick groove is connected to the tool-shank-side rounded
portion via a straight portion. In an example shown in FIG. 16, the bottom end of each nick groove is
connected to the tool-shank-side rounded portion via a curve portion convexed toward the nick
groove. In an example shown in FIG. 17, the bottom end of each nick groove is connected to the
tool-shank-side rounded portion via a combination of curve portion convexed toward the nick groove
and a straight portion. 
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[0/28) High-speed cutting becomes possible through optimization of the phase deviation amount,
which is another shape-related feature of the present invention. However, in the case where
machining is performed under conditions for high-efficiency machining at a high feed rate, chipping
may occur and the accuracy of a machined surface may deteriorate unless the nick shape is further
optimized. In such a case, as better means, there can employed an improved nicked carbide end mill
of the present invention in which, as shown in FIGS. 15 to 17, the tool-shank-side rounded portion 36
and the bottom end 39 of each nick groove are connected via a shape selected from straight portion
40, a curve portion 41 convexed toward the nick groove, and the convex curve portion 41 combined
with the straight portion 40. Since the improved nicked carbide end mill has an increased strength,
stable cutting can be performed without causing chipping further to the optimizing of the phase
deviation amount, at a cutting speed 1.5 times or more, as compared with the case where a
conventional end mill is used. [0129]       As compared with high-speed tool steel having a relatively
high toughness, which is used for cutting tools, carbide, which is the base material of the carbide end
mill of the present invention, is brittle. Therefore, in the case where rough machining is performed by
use of the carbide end mill of the present invention at a cutting speed   L5 times or more the
conventional cutting speed, optimization of the phase deviation amount, which is unnecessary for end
mills formed of high-speed tool steel, becomes necessary. In addition, in order to stably perform
high-speed machining, which can be realized through optimization of the phase deviation amount, a
severe shape design must be applied for the nick shape. Therefore, in the present invention, as
measures against chipping during high-speed cutting, it is more essential how to connect the bottom
end 38 of each nick groove and the tool-shank-side rounded portion 36 via a straight portion and/or a
curve portion, which is one feature of the present invention, as described above, [0130)      In the
nicked carbide end mill of the present invention, desirably, the curvature radius ill of the tool-end-side
rounded portion of each nick 34 falls within a range of 0,01D to 0.03D OD represents the tool
diameter). When the curvature radius R1 falls within this range, the strength of the rounded portion
connecting the nick 34 and the peripheral cutting edge 1 on the tool end side 2 can be increased,
whereby chipping can be prevented. When the curvature radius R1 of the tool-end-side rounded
portion is less than 0.01D, the strength of the rounded portion is relatively low, whereby chipping may
occur during cutting. When the curvature radius R1 of the tool-end-side rounded portion exceeds
0.03D, a force with which a machined surface  is pressed toward to the tool shank increases. As a
result, line-shaped marks remain on the machined surface, which affects the accuracy of the
machined surface. [0131]       Desirably, the curvature radius R2 of the tool-shankside rounded portion
of each nick 34 of the nicked carbide end mill of the present invention falls within a range of 1.5D to
2.0D (D represents the tool diameter). In this case, the nick 34 and the peripheral cutting edge 1 is
connected together properly, whereby the rounded portion on the tool shank side 3 of the nick groove
39 can have a sufficiently large strength, and chipping can be prevented. Therefore, high-efficiency
machining can be performed at a high feed rate. In the case where the curvature radius R2 of the
tool-shank-side rounded portion of each nick 34 is less than 1.5 times the tool diameter D, the
strength is insufficient. In the case where the curvature radius R2 of the tool-shankside rounded
portion of each nick 34 exceeds 2.0 times the tool diameter D, cutting resistance increases. In either
case, chipping is apt to occur. [0132]       Desirably, the depth 9 of each nick of the nicked carbide end
mill of the present invention falls within a range of 0.01D to 0.05D. In the case where the depth 9 of
each nick is less than 0.01D1 the feed amount per single cutting edge cannot be increased. In such a
case, the nick 34 does not act efficiently. For example, in the case where 
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the feed amount per single cutting edge is greater than the depth 9 of each nick, instead of short
chips, long continuous chips are produced, which makes employment of high feed rate difficult. In
contrast, in the case where the feed amount per single cutting edge is less than the depth 9 of each
nick, employment of high feed rate becomes impossible. In the case where the depth 9 of each nick
exceeds 0.05D, the strength of each cutting edge decreases, and chipping may occur. Therefore, in
the case where the depth 9 of each nick falls in the above-mentioned range of this invention, chips
can be broken more properly, and cutting resistance decreases. Accordingly, high-efficiency
machining can be performed more reliably. [0133]        Notably, the contour shape of three
representative nick grooves are shown in each of FIGS. 15 to 17. In the present invention, each nick
34 must satisfy the essential condition that the curvature radius RI of the tool-end-side rounded
portion is smaller than the curvature radius R2 of the toolshank-side rounded portion. However, all the
nicks 34 do not necessarily to have the same curvature radius R1 of the tool-end-side rounded portion
and the same curvature radius R2 of the tool-shank-side rounded portion. However, since it is
common to use a grinding stone for grinding the nick grooves 39, desirably, all the nicks 34 have
substantially the same dimensions. In this case, when the nicked carbide end mill is manufactured,
the same grinding wheel shape can  be conveniently used to grind all the nick grooves 39. [0134]
Both the inventions disclosed in Patent Document 3 and Patent Document 4 are characterized by the
shape of nicks. As can be understood from the results of evaluation descried in Table B2, end mills
(Conventional Example B4 to B7) fabricated on the base of the shapes of these inventions, have the
following problems. [0135]        As shown in FIG, 19, the shape of nicks described in Patent Document
3 is such that the connected shape of a nick 34 and a peripheral cutting edge portion 1 has a sharp
edge. Large flank angles are provided at opposite ends of each nick so as to secure sufficient strength
in this case. However, this shape raises a big problem associated with chipping resistance during
high-efficiency machining. [0136]        In particular, in the case where cutting is performed under
conditions for high efficiency by use of a nicked carbide end mill in which the phase of the nicked
peripheral cutting edges are deviated from the respective reference phases with equal distances
which are obtained by dividing the nick pitch of the reference peripheral cutting edge by the number of
the cutting edges. If the nicks have edge portions 43, which are angular; i.e., have sharp edges as
shown in FIG. 19, which shows the cross-sectional shape of a nick, the possibility of occurrence of
chipping is high. In  this case, there arises a problem in that line-shaped marks remain on a machined
surface, and a sufficient surface roughness cannot be obtained. Patent Document 3 describes that the
shape edge portions may be rounded. However, this only disclosed an idea of rounding the sharp
edge portions within a commonly employed range. As shown in FIG. 20, the edge portion 43 has a
curvature radius R1, and the toolshank-side rounded portion has a curvature radius R2. The idea of
rounding the sharp edge portions as shown in FIG. 20 merely produces shapes similar to the basic
shape shown in FIG. 19. [0137]       FIG. 21 is a view showing the nick shape described in Patent
Document 4. In the nick shape shown in FIG. 21, a connection portion between each nick and a
corresponding peripheral cutting edge portion has a radius of curvature smaller than that of a concave
circular portion forming the nick groove, and the radius of curvature is made equal between the tool
end side and the tool shank side.       FIG. 22 shows a nick shape which is similar to that shown in
FIG. 21 and which is also described in Patent Document 4. In the nick shape of FIG. 21, the radius of
curvature on the tool shank side is made larger than that on the tool end side. 
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[0138]       In order to achieve the object of the present invention; i.e., in order to realize a machining
efficiency   (feed amount per single cutting edge; rotational speed} at least two times the machining
efficiency achieved by use of a conventional end mill, only to round the sharp edge portions within the
bound of common sense is insufficient. In order to achieve the object of the present invention, it is
important to determine the shapes of portions which connect each nick 34a and the corresponding
peripheral cutting edge 1, including the relation between the radius of curvature on the tool end side 2
and the radius of curvature on the tool shank side 3, and it is also important to determine the manner
how to connect the curvature to the nick grooves 39. [0139]       The present inventor carried studies
on the optimum sizes of the curvature radius R1 of the tool-end-side rounded portion and the
curvature radius R2 of the toolshank-side rounded portion, the relation between the curvature radius
R1 and the curvature radius R2, and the manner in which the bottom portion 37 of each nick groove is
connected to the corresponding tool-shank-side rounded portion 36 in the case where the
above-mentioned sizes fall within respective desired ranges. As a result, the present inventors
succeeded in developing the nicked carbide end mill which has a cutting performance for obtaining a
semi-finishing surface roughness (which cannot be attained by use of a conventional end mill in which
the portion which connects each nick groove and the corresponding tool-shank-  side rounded portion
assumes a mere partial circular shape], and which has a sufficiently high chipping resistance of the
nick. [0140]        A desired nick shape of the nicked carbide end mill of the present invention is such
that the tool-shank-side rounded portion is connected to the bottom end of the nick groove via a
straight portion, a curve portion convexed toward the nick groove, or a combination of the straight
portion and the convex curve portion. This shape increases the strength of the nick considerably. [OM]
In contrast, in each of the conventional end mills shown in FIGS. 21 and 22, each of which shows a
cross section of nicks, the bottom portion of each nick groove assumes a partial circular shape, and,
therefore, as viewed in the cross section, the surface of each of the tool-endside rounded portion 35
and the tool-shank-side rounded portion 36 is connected by a curve having a point of inflection. The
strength of each nick having such a shape is lower than that of the end mill of the present invention.
Therefore, the conventional end mill in which each nick has the above-described shape cannot be
said to have a cutting performance for obtaining a semi-finishing surface roughness and have a
sufficiently high nick chipping resistance. [0142] The desired shape of each nick 34 of the present
invention and the partial role of the shape, which can be also understand from the example of the
present invention are as follows. The curvature radius R1 of the tool-endside rounded portion is
required so as to secure a satisfactory cutting performance, while securing a satisfactory strength, and
maintain good surface roughness. Desirably, the curvature radius R/ falls within the range of 0.010 to
0.050 (D: tool diameter), and the more desirable range is 0.01D to 0.03D. 
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In the case where the end rnill- has the above-described
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[0143j        In order to secure the chipping resistance of each nick 34, the curvature radius R2 of the
tool-shank-side rounded portion is desirably set to fall within the range of 1.1 times to 2.5 times the
curvature radius R1 of the tool-endside rounded portion. The more desirable range of the curvature
radius R2 of the tool-shank-side rounded portion is 1.1 times to 2.0 times the curvature radius R1 of
the tool-end-side rounded portion. [0144]       However, the above described effects of the curvature
radius R2 of the tool-shank-side rounded portion and the curvature radius R1 of the tool-end-side
rounded portion and the effect of the shape of nicks groove which is taken into consideration as
needed are not exhibited solely in the nicked carbide end mill. The effect of the shape of nicks groove
is truly produced through satisfaction of all the requirements regarding the nick groove, in particular,
additionally through optimization of the phase deviation amount of the nicks, which makes possible to
perform cutting at a speed far beyond conventional cutting speed without chipping. [0145]       Next,
the nicked carbide end mill of the present invention in which the phase deviation amount is
nonuniform among the nicked peripheral cutting edges and a conventional nicked carbide end mil/ in
which the nicked peripheral cutting edges have no phase deviation amount will he described for
comparison with reference to FIGS. 23 to 25. A nick cross-sectional shape shown in each of FIGS. 23
to 25 shows the case where a tool-shank-side rounded portion is continuously connected to the
bottom end of a corresponding nick groove via a convex curve portion. [0146]        FIG. 23 is a
development figure showing the pitch of nicks and the phase of peripheral cutting edges of a
conventional nicked carbide end mill in which the peripheral cutting edges have no phase deviation.
FIG. 24 is a development figure showing the pitch of nicks and the phases of peripheral cutting edges
of the nicked carbide end mill of the present invention. FIG. 25 shows one of the embodiment of the
present onvention. In FIG. 25, a pair of nicked peripheral cutting edges of the adjacent nicked
peripheral cutting edges has no phase deviation from the respective phases of the reference
peripheral cutting edge,  and one cutting edge is deviated from the corresponding phase. Notably, in
FIGS. 23 to 25, the positions of intersections between the peripheral cutting edges and nicks are
indicated by circular marks. [0147]       As shown in FIG. 23, in the case of the conventional end mill, a
first nicked peripheral cutting edge, which is illustrated at the top in the drawing, is a reference
peripheral cutting edge 10. A nick pitch 8 is a distance from the intersection 20 of a certain nick with a
certain cutting edge 10 to the next intersection 20 of the next peripheral cutting edge with the next
nick. A reference phase 14 is obtained by dividing the nick pitch 8 by four. The remaining peripheral
cutting edges are disposed such that the intersections 20 of the corresponding nicks with the second,
third, and fourth nicked peripheral cutting edges 17, 18, and 19 are successively arranged with the
same distance of the corresponding reference phase 14 (every 1/4 the pitch of the reference
peripheral cutting edge 10) therebetween. [0148] 
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I ayer .
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The term rrsubstantially" is used so as to encompass the

case where a diffusion J-ayer is formed between the innermost

layer and the outermost and the diffusion Ìayer may sIighEIy
díffer in cornposition from the innermost .layer or the

outefmost layer. But in the case !ùhere the thíckness of the

diffusion layer íncreases and the côntent ratio of a certain
element in the diffusron ]-ayer devrates 50* or more from
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In such an arrangement, the reference phase 14 at the intersections 20 of a certain nick with a certain
peripheral cutting edge is constant among all the nicked peripheral cutting edges. Therefore, the
amount of cutting of a workpiece by the end mill is equally shared by each of the nicked peripheral
cutting edges. In the case where each  cutting edge cuts the workpiece in the same amount,
resonance occurs during cutting, as in the case of an equal separation end mill, which has been
described in the prior art section. Therefore, chattering vibration is apt to be generated. [0149]        In
contrast, in the case of the end mill of the present invention, as shown in FIG. 24, the phases of the
second nicked peripheral cutting edge 17 which are disposed adjacent to.the reference peripheral
cutting edge 10, and the fourth nicked peripheral cutting edge 19, are shifted eaqually by a deviation
amount 15 from each of the reference phase 14 which value is obtained by dividing the nick pitch 8 by
four. [0150]        Specifically, the deviation amounts 15 from the reference phase 14 of the second
nicked peripheral cutting edge 17 and the fourth nicked peripheral cutting edge 19 are determined
such that the phase of at least one nicked peripheral cutting edge is deviated by an amount
corresponding to 5% or less (excluding 0%) of the nick pitch 8 of the reference peripheral cutting edge
10 in the direction of the tool axis from the corresponding reference phase 14. The distance of the
reference phase 14 is obtained by dividing the waveform pitch 4 by four. [0151] FIG. 24 shows an
example carbide end mill of the  present invention configured such that the nick pitch 8 of the
reference peripheral cutting edge 10 is 1 mm. In such a case, the deviation amount 15 of the phase of
the second nicked peripheral cutting edge 17 from the corresponding reference phase 14 is 0.02 mm
(2% the nick pitch 8), the deviation amount 15 of the phase of the third nicked peripheral cutting edge
18 from the corresponding reference phase 14 is 0 mm, and the deviation amount 15 of the phase of
the fourth nicked peripheral cutting edge 19 from the corresponding reference phase 14 is 0.02 mm
(2% the nick pitch 8). The deviation amount 15 assumes a positive value when the phase is deviated
toward the tool shank side 3, and a negative value when the phase is deviated toward the tool end
side 2. [0152]       In the case of another end mill of the present invention shown in FIG. 25, the phase
of the second nicked peripheral cutting edge 17 disposed next to the reference peripheral cutting edge
10 is deviated from the corresponding reference phase 14 by the deviation amount 15, and the
phases of the adjacent third nicked peripheral cutting edge 1B and the fourth nicked peripheral cutting
edge 19 are not deviated from the corresponding reference phases 14. [0153]       The deviation
amounts 15 of the phases of the nicked peripheral cutting edges, other than the reference  



that element of the inne¡most layer and the outermost l-ayer,

the drffusion layer rs regarded as an inte¡mediate layer in

the p.res ent invent r on .
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By means of forming the ha¡d coat on the end mil-I of

the present invention by use of nitrrde, carbonitríde,

oxynltride. or oxycarbonitride of a metall-ic efement wj'th

selecting the most suitable meta]-Iic element for the

innermost layer, the outermost ]ayer, and the lntermediate

Iayer which constitute a respective hard coat, damage to a

carbide end miJ.I covered by a hard coat cen be mitigated,

thereby enabJ-ing cutting operâtron to be performed more

ef fi ci ent 1y ,
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That is, in the carbide end rníll of the present

invention, the innermost layer of the hard coat is formed of

a nitride, carbonítríde, oxynitride, or oxycarbonitrrde

con ta in íng Ti and A1 as ma r n metaÌIic eL ement s , and t he

outermost l-ayer of the hard coat is formed of a nit¡rde,

carbonitrrde, oxynitride, or oxycarbonrtride containing Ti

and S¡- as maÍn meta]líc el-ements.
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Moreover, in Ehe carbide end mrll of the present

invention, the inne.rmost layer of the hard coat is forrned of

a nítride containj-ng one or more metal elements sel-ected

from anong AI, Cr, Ti, and Si; the intermediate layer is

formed of a compound containing one or more meta.l- el-ements
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peripheral cutting edge 10, from the respective reference phases 14 are determined such that the
deviation amount 15 of the phase of at least one nicked peripheral cutting edge from the
corresponding reference phase 14 is 5% or less (excluding 0%) of the nick pitch 8 of the reference
peripheral cutting edge 10, (0/54]        An example of the end mill in which only one cutting edge has
the deviation amount 15 will be described. A small-diameter end mill used to form a groove in a
workpiece often has three (odd number) cutting edges in order to secure chip removal. In such a
case, according to the specifications described in Patent Document 1, all the deviation amounts 15 of
the phases of the mutually adjacent peripheral cutting edges from the respective reference phases 14
are rendered different from one another. In contrast, according to the present invention, the deviation
amount 15 of the phase of only one peripheral cutting edge from the corresponding reference phase
14 is rendered different from those of the remaining peripheral cutting edges. [0155]       In the case of
an end mill which has five (odd number) cutting edges, according to the specifications described in
Patent Document 1, two kinds of deviation amounts 15 from the reference phases 14 are required. In
contrast, according to the present invention, even only one kind of  deviation amount 15 from the
reference phases 14 is acceptable to suppress chattering vibration to perform high-efficiency
machining through high-speed cutting, and service life can be extended. [0156]       In order to realize
a carbide end mil for high-speed cutting in which the phase deviation amount is made nonuniform
among the peripheral cutting edges, properly determining the nick phase deviation amount is very
important. Furthermore, both the proper determination of the phase deviation amount and the
optimization of the cross-sectional shape of the nicks are essential for putting the nicked carbide end
mill into practice. [0157]       In the case of the carbide end mill of the present invention, to get a larger
removal amount of chips per unit time compared to the amount by use of a conventional end mill, it is
a good avenue to optimize the gash shape of the end cutting edges. An embodiment in which the
peripheral cutting edges as shown in FIG. 1 are wavy peripheral cutting edges and gashes are
provided for the end cutting edges will be described with reference to FIGS. 12 and 13. [0158]      FIG.
12 is an enlarged view of end cutting edges of FIG. 1 and neighboring portions. Each gash of the
carbide end mill of the present invention shown in FIG. 12 is composed of a first gash surface 51
(cutting face of a corresponding  end cutting edge), a second gash surface 52 provided on the side
toward the rotational center of the tool axis of the end mill, and a third gash surface 53 provided on the
peripheral side of the end mill. [0159] 



selected from among AJ,, Cr, Ti, and Sr, and one or more

el-ements selected from among N, B, C, and O; and the

outermost layer of the hard coat is formed of a compound

containing one or rnore metal- elements selected from among Ti

and Si, and one or more el-ements selected ftom among N, S,

C, and B.
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Mo reover, in the ca rbÍ de end rni l- l o f t he pre s en t
inventÍon, desirably, both the innermost layer and the

ouEermost layer are formed of a ni t_rogen- con Ea in ing TÍAl

compound which is represented by the formul-a Ti*Ã,Ì¡_,N, and

preferably the innermost layer is formed of titanium-rich

Ti"AII-*N (i.e., 0.5 < x l1), and the outermost l-ayer is
formed of aluminum-rích Ti¡¡Alr-*N (i.e., 0 < x < 0,5).
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The shape of the wavy perípheral cutting edges or the

nicked perÍphetal cutting edges and the novel gash shape in
the present invention yÍeld varíous effects, such âs

enhanced chip breâkrng performance and enhanced chip removaÌ

pe-rformance, even in the case where a cutting edge portion

of the end mil-l- rs detachable from a tool-hoJ.dÍng port1on

thereof which hol-ds the cutting edge portron. Therefore,

when the cutting edge portÌon of the end mil-I Hears as a

resulE. of cutting, the cutting edge portion ca¡ be exchanged

indivÍdtralIy for continuôus use. Therefore, desírably, the

end mi11 of the present invention rncÌudes a tool--holding

portion and a cutting edge porEion whrch is formed of
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FIG. 13 is a partial cross-sectional view taken along line C-C' of FIG. 12 schematically showing the
shape of a gash taken along a plane parallel to the first gash surface. Notably, a hatched portion of
FIG. 13 shows a cross section. [0160]        In FIG. 13, a first gash angle 55 is formed between a
crossing portion 54 of the first gash surface with the second gash surface, and a plane perpendicularly
intersecting the axis, and a second gash angle 57 is formed between a crossing portion 56 of the first
gash surface and the third gash surface, and the plane perpendicularly intersecting the axis. The first
gash angle 55 is 15 to 350, and the second gash angle 57 is 40 to 60. The length 58 of a connection
portion between the second gash surface and the third gash surface is not less than 5% the tool
diameter ID as measured from the tool rotation axis and less than 20% the tool diameter D. The
length 58 of a connection portion refers to the distance between the center of the rotation axis and the
connection portion of the second gash surface 52 with the third gash surface 53. [0161] With
reference to FIGS. 12 and 13, there has been  described the embodiment in which the peripheral
cutting edges are wavy peripheral cutting edges, and gashes are provided for the end cutting edges.
However, it is good practice to optimize the gash shape of the end cutting edges even in the carbide
end mill of the present invention whose peripheral cutting edges are nicked peripheral cutting edges
as shown in FIG. 14. Even in such a case, preferably, the carbide end mill has a gash shape as
shown in FIGS. 12 and 13; i.e., each gash is formed such that the gash is composed of a plurality of
surface; i.e., a first gash surface (cutting face of the corresponding end cutting edge), a second gash
surface provided on the side toward the rotational center of the tool axis of the end mill, and a third
gash surface provided on the peripheral side of the end mill; a first gash angle 55 of 15 to 35 is formed
between a crossing portion 54 of the first gash surface with the second gash surface, and a plane
perpendicularly intersecting the axis; and a second gash angle 57 of 40 to 60 is formed between a
crossing portion 56 of the first gash surface with the third gash surface, and the plane perpendicularly
intersecting the axis. [0162]       By virtue of such a configuration of the gashes, even when
longitudinal-feed cutting, lateral-feed cutting, or oblique cutting is performed by use of the peripheral
cutting edges having deviated phases, chips are removed easily from the end cutting edges at the
time of  longitudinal-feed cutting or oblique cutting. Therefore, the end mill of the present invention
having such a gash configuration can endure high-speed cutting during lateral- feed cutting or oblique
cutting, and can minimize chattering vibration. [0163]       Since the first gash angle 55 is set to 15 to
35, the rigidity in the vicinity of the too/ rotation axis can be secured, and chip removability is
improved. In the case 



carbide and which j-s detachably attached to the tool-holdÍng

portron.
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That Ìs, the p.resent rnvention provídes a carbide end

mÍIl clraracterízed :-n that cuttl.ng edge portÍon formed of

carbide is detachably attached to a tool--hoJ-ding portion.

[00]sl

In the case r,¡here machiníng of â concave shape or the

Iike, ínvoJ-vrng J-ong i t udinal- - f eed cuttÍng and ob1íque

cutting, is performed by use of conventional end mj-I1s.

q¡hrch are dedicated for J-ong í tudi nal- feed cutting or oblique

cuttrng, person had to change to a sui[ab]-e end mil-I for the

purpose of machining. When the carbide end mifl of the

present rnvenE.ion is employedr there can be perforned a

novel cutting method in whrch va¡ious types of machining

operations can be performed efficientLy by r-rse of a single

end miII witho tr t t oô.1- exchange, becaus e th e carbide end mí 1I

ôf the present invent j-on has the above -de s cr¡-bed novel

gashes and the above-described novel shape of the wavy

peripheral cuttj-ng edges or the nicked perr-pheral- cutting

edges, and a hard coat which can endure high-speed cuEting

operation is layered on aE least the peripheral cuttrng

edges having a unigue shape.
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A cutting method according to the present invention is

cha¡acterrzed by comprising the step of successiveJ-y

performing at Ieast two types of cuttrng ope.ratrons selected

3't

where the first gash angle 55 is less than 15, chip pockets in the vicinity of the center portion of the
tool rotation axis become narrow, whereby fracture occurs due to chip clogging. Furthermore, in the
case where the first gash angle 55 is in excess of 35, fracture occurs due to lack of the rigidity of the
end cutting edges in the vicinity of the center. [0164]       The length 58 of the connection portion of the
second gash surface 52 with the third gash surface 53 as measured from the tool rotation axis is set
to be not less than 5% the tool diameter but be less than 20% the tool diameter. Thus, the rigidity of
the end cutting edges in the vicinity of the tool rotation axis can be secured, and removal of chips to
the grooves on the periphery can be improved. In the case where the length 58 of the connection
portion of the second gash surface 52 with the third gash surface 53 as measured from the tool
rotation axis is less than 5% the  tool diameter, the third gash surface 53 is provided to be closer to
the tool rotation axis. Therefore, the rigidity of the end cutting edges in the vicinity of the tool rotation
axis decreases, and fracture becomes more likely to occur at the end cutting edges in the vicinity of
the tool rotation axis. [0165]        In the case where the length 58 of the connection portion as
measured from the tool rotation axis is equal to or greater than 20% the tool diameter, chips produced
by the end cutting edges are pressed against the second gash surface 52 for a longer time. Therefore,
at the time of high-speed cutting, chips stagnate on the second gash surface 52, and chip removability
deteriorates. As a result, chip congestion is likely to occur, which may result in fracture of the end
cutting edges. [0166]       The second gash angle 57 is set to 400 to 600 as a result of studies
performed on the removability of chips produced by the end cutting edges at the time of
longitudinal-feed cutting and oblique cutting. In the case where the second gash angle 57 is less than
40, chips pressed against the second gash surface 52 are difficult to flow along the third gash surface
53 to the flutes on the periphery, and the chips are scattered to the outside of the tool. In particular, at
the time of longitudinal-feed machining, the tool is surrounded by the wall surface of a  machined hole,
and, even at the time of oblique cutting, the tool is partially surrounded by the formed wall surface.
Therefore, it is difficult for the tool to remove chips to the outside of the tool. Therefore, in the case
where the second gash angle 57 is less than 40, chips produced by the end cutting edges do not
smoothly flow toward the flutes on the periphery, whereby chip clogging becomes more likely to occur.
[0167]        In the case where the second gash angle 57 exceeds 60, the rigidity in the vicinity of the
tool end decrease, fracture is apt to occur, even if there is no problem with removing chip because
chip pockets for chip removal become larger, whereby chips produced by the end cutting edges
smoothly flow toward the flutes on the periphery. 



frorn lon g itudÍnal- feed cutting, lateral-feed cutting, and

oblj-que cutting, by use of a carbide end mill. The carbide

end mrII íncludes a plurality of vravy perrpheral cuEting

edges each having alternate crest portions and trough

po.rtions, or a pJ-ural-ity of peripheral cutting edges each

having a plurality of nicks for breakrng chips, end cuttÍng
edgesf and gashes each cornposed of a plural-ity of gash

surfaces. The plurality of gash sìrrfaces include a first
gash surface serving as a cutting face of the cor¡esponding

end cutting edge, a second gash surface províded on the side

towa¡d the rotational center of the too.L axis of the end

rnill, and a Ehird gash surface provided on the peripheral-

sj.de of the end mil-I. A f¡-¡st gash angle of 15" to 35' is
formed between a crossing portron between the first gash

surface and the second gash su¡face. and a pJ-ane

pe rpend icul- arly intersecting the axis. A second gash angle

of 40" Eo 60' is formed betr"¡een a crossrng portion betwe.en

the first gash surface and tbe Ehird gash surface, and the

pJ-ane perpendicularly intersecting the axis. The length of a

connection portion betr,¡een the second gash surface and the

third gash surface is not less thân 5T the EooI diamete¡ as

measured f¡om the tool rotation axis and less than 208 the

too]. diameter. The peripheral cutting edges a¡e disposed

such thât, when a certain peripheral cutting edge is

consÍdered a reference peripheral cutting edge wtth

reference phases in a pr.tch of the reference peripheral

cutting edge, wherern the distance of each reference phase
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[0168]       By means of setting the first gash angle 55 and the second gash angle 57 to respective
optimal ranges, chips produced by the end cutting edges can be removed smoothly during
longitudinal-feed cutting and oblique cutting. Since the performance of removing chips produced by
the end cutting edges is not affected by the shape of the peripheral cutting edges, the same effect can
be obtained irrespective of whether the peripheral cutting edges are wavy peripheral cutting edges or
nicked peripheral cutting edges. (0169] In particular, as an oblique cutting is apt to become  unstable,
an end mill must have satisfactory chip removability and satisfactory tool rigidity at the same time in
order to efficiently and stably perform high-speed oblique cutting. If importance is attached to the chip
removability, the tool rigidity decreases, and fracture and breakage become more likely to occur. If
importance is attached to the tool rigidity, the chip removability deteriorates, and fracture and
breakage become more likely to occur. The end mill of the present invention in which gashes are
provided for the end cutting edges has a cutting edge shape determined by focusing on both of the
chip removability and the rigidity of the end mill. Since chattering vibration can be suppressed by
means of optimally determining the arrangement of nicks or the waveform of the peripheral cutting
edges, fracture and breakage are less likely to occur, and stable and high-efficiency oblique cutting
can be performed. When a conventional end mill is used, the maximum tilt angle of the end mill during
oblique cutting is about 50. In contrast, when the end mill of the present invention is used, ordinary
oblique cutting can be performed with 200 or greater of the tilt angle. [0170]       FIG. 27 is an overall
schematic view of an end mill showing one embodiment of the present invention configured such that
a cutting edge portion is detachably attached to a tool-holding portion. A cutting edge portion 29
formed of carbide can be detachably attached to a tool-holding portion  30. Therefore, in the case
where the cutting edges wear as a result of cutting, only the cutting edge portion 29 is required to be
exchanged. Thus, cost of use can be lowered. Although the material of the tool-holding portion 30
may be carbide, which is the same material as the cutting edge portion 29, the tool-holding portion 30
may be formed of alloy steel such as SCM440 or SKD61. In this case, manufacturing cost can be
lowered. [0171]        FIG. 28 shows, for comparison, a flowchart of a process in which engraving is
performed by use of a conventional end mill and a flowchart of a process in which engraving is
performed by use of an end mill according to the present invention. In the case where a pocket is
engraved by a conventional method, first a hole is formed by use of a drill. After that, the drill is
replaced with an end mill through tool exchange, and the formed hole is extended by use of the and
mill. In the case where the end mill of the present invention having a novel shape is used,
high-efficiency oblique cutting can be performed while the tilt angle is set to 20 or greater. Therefore,
the pocket can be formed without tool exchange. According to the cutting method of the present
invention, any combination of longitudinal-feed cutting, oblique cutting, and lateral-feed cutting can be
performed by use of a single and mill. Therefore, the man-hour required for setup can be reduced,
and the machining process can be shortened greatly.  (0172]        Next will be described typical hard
coats suitable for use in the coated end mill of the present invention. The end mill of the present
invention has a novel shape, and thus the end mill realizes high-speed cutting only by virtue of this
shape, as compared with the case of conventional end mills. However, as shown in the Examples
hereinbelow, coating of the end mill with a hard coat further improves the performance thereof. The
hard coat may be formed of a TiN coat, from the viewpoint of oxidation resistance. Alternatively, the
hard coat may be formed of a TiCN coat, from the viewpoint of wear resistance. However, in
consideration that the end mill of the present invention is employed in the environment where the
temperature of a cutting edge tip reaches 800C or higher, the hard coat is preferably formed of a
TiAlN coat, which is superior to the aforementioned TIN or TiCN coat in terms of oxidation resistance
(evaluated by oxidation initiation temperature) and hardness property. 
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[0173]        FIG. 26 is an enlarged cross-sectional view of a peripheral cutting edge of the hard
coat-coated carbide end mill of the present invention, as taken along A-A' of FIG. I. FIG. 26(a) is an
enlarged view of a wavy peripheral cutting edge, and FIG. 26(b) is an enlarged view of a nicked
peripheral cutting edge. The wavy peripheral cutting edge shown in FIG. 26(a) is coated with a hard
coat 31. Also,  the nicked peripheral cutting edge shown in FIG. 26(b) is coated with a hard coat 31.
When the peripheral cutting edge is coated with a hard coat as shown in FIG. 26(a) or 26(b), the
performance of the end mill can be further improved. [0174]       The hard coat may he formed of a TiN
film, when priority is given to oxidation resistance. Alternatively, the hard coat may be formed of a
TiCN film, when priority is given to wear resistance_ However, in consideration that the end mill of the
present invention is employed in the environment where the temperature of a cutting edge tip reaches
800C or higher, the hard coat is preferably formed of a TiAlN film, which is superior to the
aforementioned Tin or TiCN film in terms of oxidation resistance (evaluated by oxidation initiation
temperature) and hardness property. [0175)       FIG, 29 shows an example laminate structure of a
hard coat suitable for use in the hard coated end mill of the present invention, wherein the hard coat
includes an outermost layer and an innermost layer. The lower side of FIG. 29 corresponds to a base
carbide 66, and the base carbide 66 is coated with the hard coat including the following two layers: the
innermost layer 62 and the outermost layer 61. [0176] FIG. 30 shows an example laminate structure
of a hard  coat suitable for the hard coated end mill of the present invention, the hard coat being a
composite layer formed by repeating coating at least one with substantially the same composition of
the innermost layer and substantially the same composition of the outermost layer. The lower side of
FIG. 30 corresponds to a base carbide 66, and the base carbide 66 is coated with the hard coat
including the following four layers: an innermost layer 62 on the base carbide 66, a film 64 having the
same composition as the outermost layer, a coat 63 having the same composition as the innermost
layer, and an outermost layer 31. The composite layer also can be formed by repeating a coating with
alternately laminating a plurality of films 34 having the same composition as the outermost layer of the
hard coat and a plurality of films 33 having the same composition as the innermost layer of the hard
coat. [0177]        FIG. 31 shows an example laminate structure of a hard coat suitable for use in the
hard coated end mill of the present invention, the hard coat being composed of an outermost layer, an
intermediate layer, and an innermost layer. The lower side of FIG. 31 corresponds to a base carbide
66, and the base carbide 66 is coated with the hard coat including the following three layers: an
innermost layer 62, an intermediate layer 65, and an outermost layer 61. [0178] 
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The end mÍ11- acco¡ding to another inventr.on in whrch

the ¡adius of curvature of the tool--end-síde rounded portion
of each nick is made smal-l-er than the radius of curvature ôf
the tool-shank-side rounded por[ion of each nick and the

bottom end of each nick rs connected with the tool-shank-
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hrgher chipping resistance. AccordrngJ-y, stable machÌning

can be perfôrmed without occurrence of f.racture or chrpping.

Therefore, according to the present invention. there can be

provided a nrcked carbide end mil-l- which can perform high-
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In the case of a TiAiN hard coat, oxidation initiation temperature can be controlled by varying the
compositional proportions of Ti and Al. When the end mill is employed under the conditions that the
temperature of a cutting edge tip reaches 800C to 900C or thereabouts, preferably, the amount of Al
in the hard coat is increased such that the ratio by atom of metallic Al to metallic Ti is about 50 to
about 70%. As used herein, "Ti/UN compound" refers to a nitride, but may be a compound containing
Ti and Al as main components and containing a nonmetallic element other than Ti and Al; for
example, the compound may be a nitride the nonmetallic element other than Ti and Al is only
nitrogen), a carbonitride (e.g., (TiAl)CN), an oxynitride (e.g., (TiA1)0N), or an oxycarbonitride (e.g.,
(TiAl)CON). Hereinafter, these compounds may be collectively referred to as "nitrogen-containing TiAl
compound_" [0179]        The end mill realizes more stable cutting and attains prolonged service life by
providing the hard coat on the surface of a nicked peripheral cutting edge of the end mill such that the
hard coat is a composite layer formed by repeating coating at least once with substantially the same
composition of the innermost layer and substantially the same composition of the outermost layer, or a
composite layer including an innermost layer, an outermost layer, and one or more intermediate layers
interposed therebetween, wherein the innermost layer of the hard coat is formed of  selecting from a
nitride, carbonitride, oxynitride, and oxycarbonitride containing Ti and Al as main metallic components,
and the outermost layer of the hard coat contains Si. [0180]       More specifically, the hard coat
preferably has a structure formed of a compound containing Ti and Si as main components in the form
of a nitride, carbonitride, oxynitride, or oxycarbonitride of these metallic elements. [0181]        The
most suitable Si-containing component for the outermost layer of the hard coat is a TiSi-nitride,
preferably a TiSi-nitrode having an Si content of 5 to 30% by atom (Ti content: balance). The
performance of the nicked carbide end mill of the present invention can be considerably improved by
use of a TiAlSi nitride or AlCrSi nitride having an Si content of 1 to 15% by atom (Ti, Cr, or Al content:
balance). [0182]       A layered coat formed of a TiSi nitride, a TiAlSi nitride, or an AlCrSi nitride
exhibits more excellent durability. Similar to the aforementioned case, when such a hard coat is
laminated together with one or more films selected from among films formed of, for example, TiN,
Cr/4, TiAlN, and AlCrN, the nicked carbide end mill of the present ' invention exhibits improved cutting
performance. [0183) 



efficiency rough machrnj-ng and hrgh-efficiency semí-finrsh

machining through high-speed cuttrng, and which has a 1on9

service J-ife. Also. the níck shape accordíng to the present

inventÍon improves the cuttÍng performance of the end míII,

to thereby reduce line-shaped marks on a machined surface-

Accordingly, a workpiece can be machined to have an

accurateLy machined surface.
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Mo.reover, in the end mill of Ehe Presett inventÍon, a

cutting edge portion formed of carbide :.s detachably

attached to a tool-holdrng portion, Therefore, when the

cuEting edge portion wears, the cutting edge Portiôn can be

exchanged individual-Iy for new one of the the end miII of

the present invention maÍntainang of the above-mentioned

effects, such as enhanced chip-breaking performance and

enha¡ced chip-removing performance, realtzed through

empl- olment o f the nove]- gash shape and the nove l- s hape of

the r.¡avy peripheral cutting edges or the nicked periphera]-

cuttlng edges,

too81l

An end rniII having wavy or nicked perípheraJ- cutting

edges according to the present invention can be rotated at a

speed et l-east 1.5 tirRes that of a convenEional end mil-l-

whose peripheral cuttrng edges have no phase deviation in

the drrection of the tool axis. In pa.rtj.cular, the hard

coat applied to the peripheral cutting edges enables stable

hiqh-efficiency mach ining.
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From the viewpoint of improvement of durability, preferably, the hard coat having the
above-exemplified composition is produced through a physical vapor deposition technique. Both of arc
discharge ion plating and sputtering can be applied as the physical vapor deposition technique. These
hard coats can also be applied to a peripheral cutting edge of the nicked carbide end mill. [01841
In another preferred embodiment of the present invention, the hard coat is provided on the surface of
a wavy peripheral cutting edge Or a nicked peripheral cutting edge of the nicked carbide end mill such
that the hard coat is a composite layer formed by repeating coating at least once with substantially the
same composition of the innermost layer and substantially the same composition of the outermost
layer, or a composite layer including an innermost layer, an outermost layer, and one or more
intermediate layers interposed therebetween, wherein the innermost layer of the hard film is formed of
a nitride containing one or more metal elements selected from among Al, Cr, Ti, and Si; the
intermediate layer is formed of a compound containing one or more metal elements selected from
among Al, Cr, Ti, and Si, and one or more elements selected from among N, B, C, and 0; and the
outermost layer of the hard coat is formed of a compound containing one or more metal elements
selected from among Ti and Si, and one or more elements selected from among N, S, C, and B.
(0185]        In such a case, preferably, the hard coat has a film structure in which the outermost layer
formed of a nitrogen-containing TiSi compound is stacked on a coat formed of any of the
aforementioned nitrogen-containing TiAl compounds, or a coat structure in which one or more layers
formed of a nitrogen-containing TiAl compound and one or more layers formed of a
nitrogen-containing TiSi compound are stacked alternately so that a layer formed of a
nitrogen-containing TiAl compound is provided directly on the base carbide of the end mill and a layer
formed of a nitrogen-containing TiSi compound serves as the outermost layer of the hard coat. (0186]
The aforementioned. nitrogen-containing TiSi compound may be a compound containing Ti and Si as
main components; for example, a nitride (e.g., TiSiN), a carbonitride (e.g., (TiSi)CN), an oxynitride
(e.g., (TiSi)ON), or an oxycarbonitride (e.g., (TiSi)CON). Hereinafter, these compounds may be
collectively referred to as "nitrogen-containing TiSi compound." [0187]       An intermediate layer may
be provided between the aforementioned nitrogen-containing TiAl compound coat and the
nitrogen-containing TiSi compound film to improve adhesion between these coats. The intermediate
layer is preferably a coat formed of a compound similar to the  nitrogen-containing TiAl compound, or
a coat formed of a compound similar to the nitrogen-containing TiSi compound. The former
intermediate layer coat is preferably formed of a nitrogen-containing TiAl compound containing a small
amount of B, Si, Cr, Nb, V, or Hf, and the latter intermediate layer coat is preferably formed of a
nitrogen-containing TiSi compound containing a small amount of B, Al, Cr, Nb, V, or Hf. [0188]
The hard coat employed in the present invention has the aforementioned layer structure; i.e., the hard
coat is formed of a composite layer of an outermost layer and an innermost layer which is stacked
directly on the surface of the base carbide of a peripheral cutting edge, or the hard coat is formed of a
composite layer including an innermost layer, an outermost layer, and one or more alternately stacked
layers or an intermediate layer interposed between the innermost and outermost layers, wherein the
outermost layer exhibits oxidation resistance and wear resistance higher than those of the innermost
layer. [0189] 



t0 082l

The carbide end miÌl of the present invention which rs

coated with a hard coat can have improved characteristics,
can perform cutting at high speed, and can have a long

service life, thanks to synergetic effecE.s; i.e., the

combination of Ehe effects of the novel shape of the tool.

whrch can disperse cuttrng resistance and can suppress

chattering vibration to thereby prevent accidental

occurrence of fracture or chipping even Hhen the carbide end

miII performs high-speed cutting, and the effect of the hard

coat which prevents oxidation and wear caused by severe

higth- sPeed cut t ing ,

t 008 31

Specifically, the end míII of the present invention can

machÍne at a cutting speed (peripheral speed) greater than

2 0 0 rn/mín, un I i ke the convent iona l- end mil-l- r,¡hose per ipheral-

cutting edges heve no phase deviatíon in the direction of
the tôol axis, Such an effect of high-effícrency machining

rs attarned by the synergetic effect of the noveJ- sha.pe of
the end nj.ll- and the hard coat of the present rnvention.

t008 4l

The peripheral- cutting edges ând gashes covered by the

hard coat may be the Hâvy peripheral cuttinq' edges or the

nicked peripheral cuttÍng edges of the present rnvention,

When the ha.rd coat côvers not onl-y these novel peripherel-

cuttrng edges but aJ.so all- the gash po.rtions which satisfy
the above-described condition for the gashes shape, damage
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Next will be described the preferred hard coat suitable for use in the nicked carbide end mill of the
present invention. The preferred hard coat is a multi-layer hard coat mainly formed of a
nitrogen-containing TiAl compound, wherein the proportions of Ti and Al (i.e., main metallic elements
of the compound) are varied in that coat.  [0190]       More specifically, the preferred hard coat is a
multi-layer hard coat in which each of the innermost layer and the outermost layer is formed of the
above-defined nitrogen-containing TiAl compound (which is represented by the formula Ti,A11N), the
innermost layer is formed of titanium-rich Ti"All-xlq (i.e., 0.5 < x1), and the outermost layer is formed
of aluminum-rich Ti.All_mN (i.e.., 0 x C 0.5). [0191)        In the multi-layer hard coat, a composite layer
including the innermost layer and the outermost layer (total thickness: several nanometers to several
tens of nanometers) may be periodically stacked, or an intermediate layer formed of TiN or a
nitrogen-containing TiAl compound (wherein a portion of metallic Al or Ti is substituted by Cr or Si)
may be provided between the innermost layer and the outermost layer. In any case, the innermost
layer must be formed of titanium-rich TiA1iN, and the outermost layer must be formed of
aluminum-rich TiAliN. In any case, the total thickness of the hard coat is preferably 2 Am to 10 pm.
[0192]       Next will be described methods for coating the nicked carbide end mill of the present
invention with a hard coat, but the present invention is not limited to the below-described coating
methods. No particular limitation is imposed on the coating method employed, so long as the
aforementioned hard coat can be produced. However, there must be taken into consideration
adhesion of the hard coat to the nicked carbide end mill, and securement of matching between layers
(including the innermost layer and the outermost layer) in the hard coat. [0193]        In consideration of
the fatigue strength of a tool, there is preferably employed a physical vapor deposition technique (e.g.,
arc discharge ion plating or sputtering) which realizes coating at a relatively low temperature and
attains residual compressive stress in the coat. In such a case, bias voltage is applied to the nicked
carbide end mill. [0194]       Specifically, arc discharge ion plating is carried out as follows. When the
innermost layer is formed of a coat of a nitrogen-containing TiAl compound (e.g., (TiAl)N, 



to carbide caused by removaÌ oI chrps can be suppressed to

the greatest possible exEenE.

[ 008s I

Although a carbíde end mill is expected that it might

have a longer servrce life as compared v¡íth a conventiona.l-

end mill, formed of hígh-speed tool steel, a nick of fracture

is always worrred at the cutting edges, because the carbrde

end rnill rs formed of a brrttle maEeriaL, Àccording to the

present invent j-on, there can be provided a ca¡bide end mrll

wiEh hard coat LJhlch can prevent chippJ.ng or breakage ôf the

cutting edges and which has a long servíce .life.

[0086]

Srnce the nicked carbide end rnrll of the present

invenEion is configr,rred such that the phases of Ehe nícked

peripheral cuttÍng edges are shifted from one another,

chattering vibration can be suppressed without causing

fracture or chippÍng, Accordingly, the p¡esent invention

can perforrn high-efficiency rough machining or high-

effíciency semi-f in.:.shing machining at a feed rate of 100 0

mm/mrn or greater, and can have a long service life.

I0087 l

The carbide end mill- of the present invent j.on in which

Ehe gash shape is optirnized wrthin a range defined ín the

present inventj.on can cope with va¡ious types of machining

such as longitr.rdrnal - f eed cutt¡.ng, Iateral-feed cuttrng, and

obl-r.que cuttÍng, therefore, the carbide end mil-l- of the

present rnvention can perform varj-ous types of machin:-ng
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(TiAl)CN, or (TiAlCr)N) and the outermost layer is formed of a coat of a nitrogen-containing TiSi
compound (e.g., (TiSi)N, (TiSi)CN, or (TiSiCr)N), arc discharge ion plating is carried out under, for
example, the following conditions: the temperature of the nicked carbide end mill which is to be coated
is adjusted to about 400C! the pressure of reactive gas is regulated to 3.0 Pa; and a relatively low bias
voltage (-10 V to -100 V) is applied. This coating method attains good adhesion between the hard coat
and the end mill, as well as lattice matching of crystal between  layers (including the innermost layer
and the outermost layer) at their interfaces. [0/95]       When the innermost layer of the hard coat has a
composition different from that of the outermost layer of the coat, each of the vapor deposition targets
having different compositions are employed. In the case of formation of an intermediate layer, the
coating is preferably carried out by simultaneously using the targets having different compositions.
Thus, the intermediate layer of the hard coat can be provided so as to have an intermediate
composition between the compositions of the innermost layer and the outermost layer, and the
amount of a specific component of the intermediate layer is readily increased or decreased in a
gradual manner. [0196]       The carbide end mill of the present invention is intended to be used for
high-performance and high-speed rough machining or semi-finishing machining. Therefore, the hard
coat exhibiting good adhesion is essential for preventing sudden accidents (e.g., coat peeling). In
order to achieve such a purpose, the aforementioned control method of intermediate composition is
effective for attaining sufficient lattice matching between intermediate layers. [0197] In the most
preferred embodiment of the present invention, there is employed the end mill of the present
invention in which the shape of its peripheral cutting edges is optimized; i.e., the phase deviation
amounts of wavy peripheral cutting edges or nicked peripheral cutting edges are not uniform_
Particularly when chip removal is likely to cause problems, the aforementioned gash-shape carbide
end mill is preferably employed. In most cutting conditions, application of the aforementioned hard
coat is preferred. [Examples] [0198]        The present invention will next he described in more detail by
way of examples, which should not be construed as limiting the invention thereto. 



operâtions, from high-efficiency rough machining to hJ.gh-

efficiency semi-finishì-ng machining, through hrgh-speed

cutting, and can have a long service lrfe.

t008 8l

Specifically, any of the carbide end nill-s of Lhe

present 1nventrôn can perform, at the tirne of lateral-feed

cutting, high-efficiency machÍning in which cutting speed is

made at l-east 1.5 times the cuttinqr speed of a conventional

end mill- whose cutting edges have no phase shift Ín the

drrection of the tooJ- axis, whiJ-e greatly suppressíng

chatEering vibration, Moreover, the carbide end mill- of the

present inventron in vrhích the gash shape ís optimízed can

pe¡form, at the EÍme of oblique cutting, high-efficiency

machining in which cuEting speed is made at feast 1,,5 times

t he cu t ting speed of Lhe conven t r onal end mi]- l- .

t008 e l

The carbide end rnr.ll ôf the p¡esent inventíon can be

manufactured in Ehe same manner as ordinary end mj-lls,

because the cuttÍng edges are not separeted unequally.

Therefore, the ca¡bide end mj-11 of the p.resent rnvention can

be easr-ly manufactured at lower cost. Eurthermore, srnce

aII the flutes of the cuttrng edges have the same shape,

chips are removed unifoEmly, and excellent chip removability

rs attained. Thus, the carbide end mÌIl of thê present

invention can have a consistent se¡vice life. and can

perform high-speed cut ting.

t0090l

[0199]        Examples are classified into five groups according to their purposes; specifically, the
following Example A, Example B, Example C, Example D, and Example Et Example A: Examples in
which the optimal shape of peripheral cutting edges of the end mill of the present invention is
confirmed (Examples Al to A6); Example B: Examples in which the shape of nicks is optimized in the
end mill of the present invention (Examples 21 and 22); Example C: Examples in which the optimal
shape of gashes for the present invention is confirmed (Examples Cl to C4); Example D: Examples in
which the optimal surface treatment for the present invention is confirmed (Examples Dl to D6); and
Example E] Example in which the cutting method of the present invention is confirmed (Example El).
[0200]        In the Examples shown below in tables and descriptions, Examples of each group are
classified into Invention Examples, Conventional Examples, and Comparative Examples. Samples in
Invention Examples, Conventional Examples, or Comparative Examples of each of the four groups
are represented by serial numbers. Specifically, samples of each Example group shown in tables are
represented by, for example, "Invention Example Al" or "Comparative Example Al." [0201] (Example
Al)       In Example Al, particularly, the optimal amount of deviation of wavy peripheral cutting edges
from the respective reference phases was determined. In Invention Example Al, an end mill having the
following wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the respective reference phases of the reference
peripheral edge, wherein the distance of the reference phase were obtained by equally quartering the
waveform pitch of the reference peripheral cutting edge. In a second wavy peripheral cutting edge, the
phase deviation amount was adjusted to 1$ of the waveform pitch (i.e., 0.01 mm). In a  third wavy
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0
mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 1% of the
waveform pitch (i_e., 0.01 mm). [0202] 



The carbíde end mil-l- according to the present Ínvention

car perforn hÍgh-efficiency machiníng for a wide range of

workpieces, including those formed of structural steeI,

structural alloy steeJ-, die steeJ- fo¡ col-d or hot working,

s ta j-nless steeI, tÍtanÍum aI1oy, and supe r-heat -re s r s tan t

alloy, which workpieces have many applications rn the market,

t 0091 |

When a conventional end miII rs used, the maximum

(Iimit) tj.lt angJ.e of the end mill during oblique cuttl.ng is

about 5'. In general, ordínary obJ-íque cuttíng is perforrned

while the tilt angle is set to about 3o. vJhen the end mill-

of the present invention is used, ordinary oblJ.que cutting

can be performed whil-e the tilt angl-e is sec lo 20" or

greâte.r. The.refore, even when a concave sbape, such as a

pocket is machined, a dríII ís not requrred to be used in

combination with the end mill-, and ope¡ation of exchanging

tbe d ri J. J. r"ri Eh Ehe end mí I I and s etup operation become

unnecessary. That is, acco¡ding to Ehe cutting method

performed by use of a carbide end miII of the present

invention, obJ-ique cutting, such as hole machining, can be

performed efficiently, and, at the time of machiníng of a

pocket shape, a number of tool exchange operatj-ons and setup

ope.rations can be reduced. whereby the process can be

shortened, and the rnachiníng trme can be shortened.

BRIEF DESCRIPTION OE THE DRAWINGS

t 0092l
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In Invention Example A2, an end mill having the following wavy peripheral cutting edges was
produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third wavy peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). In a
fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of the waveform
pitch (i.e., 0.02 mm). [0203]       In Invention Example A3, an end mill having the following wavy
peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral cutting edge, the phase  deviation amount was adjusted to 2% of the waveform pitch (i.e.,
0.02 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 3% of
the waveform pitch (i.e., 0.03 mm). In a fourth wavy peripheral cutting edge, the phase deviation
amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). [0204]        In Invention Example
A4, an end mill having the following wavy peripheral cutting edges was produced. Specifically, a first
wavy peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were deviated from the above-obtained respective
reference phases. In a second wavy peripheral cutting edge, the phase deviation amount was
adjusted to 5% of the waveform pitch (i.e., 0.05 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 3% of the waveform pitch (i.e., 0.03 ram). In a fourth wavy
peripheral cutting edge, the phase deviation amount was adjusted to 4% of the waveform pitch (i.e.,
0.04 mm). [0205]       In Invention Example A5, an end mill having the following wavy peripheral
cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a
reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated from the above-obtained respective reference  phases. In a second wavy peripheral cutting
edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third
wavy peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch
(i.e., 0 mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 0%
of the waveform pitch (i.e., 0 mm). [0206]        In Comparative Example Al, an end mill having the
following wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second wavy peripheral cutting edge, the phase deviation amount was adjusted to 6% of the
waveform pitch (i.e., 0.06 mm). In a third wavy peripheral cutting edge, the phase deviation amount
was adjusted to 0% of the waveform pitch (i.e., 0 mm). In a fourth wavy peripheral cutting edge, the
phase deviation amount was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). [0207]       In
Conventional Example Al, there was produced an end mill having wavy peripheral cutting edges of
constant phase deviation amount, wherein, in each wavy peripheral cutting edge, the amount of
deviation from the respective reference phase (i.e., 1/4 of the waveform pitch of the reference  



FIG. t is an overall schematic vi.ew of a ca¡bide end

mil-l- showing one embôdirnent of the present invention.

FIGS- 2(a) and 2(b) a¡e enJ-arged cross-sectional- views

of a peripheral- cutting edge taken along Ij-ne A-A' of FIG. 1,

wherein EIG- 2 (e) is an enlarged cros s -s ectional- víew of a

wavy peripheral cutting edge, and FIG. 2(b) is an enlarged

cross-sectional- view of a nicked peripheral cuttr-ng edge.

EIG. 3 j.s a development figure showing the phases and

pitch of the wavy peripheral- cutting edges of a conventÍonal-

end mílI in which the peripheral- cuttíng edges have no phase

deviat i on .

FIG. 4 j.s a development figure showing the phases and

pitch of the wavy peripheral cutting edges of a carbide end

mi]] of the present inventíon.

EIG. 5 is a development figure showing one embodj.ment

of the p¡esent rnvention in which one pair of wavy

peripheral cuEting edges of adjacent wavy peripheral- cutting
edges has no phase deviation from the respective reference

phases lined up in a pitch of the reference peripherat

cutting edge, wherein the same drstance of the reference

phase is an amount corresponding to a value obtained by

dividing the waveform pitch by the number of the cutE.ing

edges-and one cutt ing edg e is devíat ed f rom the

corresponding' reference phase.

FIG. 6 is a development figure shor^ring the pitch of
nícks and the phase of nicked peripheral cutting edges of a

conventional- end rnrl1 in which the perÌpheral cutting edges
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peripheral cutting edge) was adjusted to 0%, that means no deviation from the respective reference
phase.       In Conventional Example A2, there was produced an end mill having wavy peripheral
cutting edges of constant phase deviation amount with different separation angles (i.e., 95, 85, 95,
and 85), wherein, in each wavy peripheral cutting edge, the amount of deviation from the phase (i.e.,
1/4 of the waveform pitch of the reference peripheral cutting edge) was adjusted to 0%. [0208]        In
Conventional Example A3, there was produced an end mill in which the amount of deviation from the
reference phase in each wavy peripheral cutting edge was determined as    the case of the end mill as
described in Patent Document 1. Specifically, a first wavy peripheral cutting edge was considered a
reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated from the above-obtained respective phases. In a second wavy peripheral cutting edge, the
phase deviation amount was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In a third wavy
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0
mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of the
waveform pitch (i.e., 0.02 mm).        In each of the end mills of Invention Examples Al to A5,
Comparative Example Al, and Conventional Examples Al and  A3, wavy peripheral cutting edges were
formed so as to have the same separation angle. [0209]        Each of the thus-produced nine end mills
of Example Al was subjected to a cutting test employing a workpiece (hot-rolled die steel SKD61
having a hardness of FIRC 40). For service life evaluation, cutting was carried out under the following
conditions: rotational speed: 6,000 rotations/min (cutting speed: 150 m/min), feed rate: 1,600 mm/min
(0.06 mm of feed per cutting edge), amount of cutting in axial direction: 4 ram, and amount of cutting
in radial direction: 4 mm. For evaluation of each end mill, peripheral cutting edges thereof were
observed every 5 m cutting. When neither fracture nor chipping occurred in an end mill until 50 in
cutting, the end mill was evaluated as ffgood," and the wear width of the end mill was measured.
When fracture or chipping was observed in peripheral cutting edges of an end mill before SO in
cutting, cutting was stopped upon observation of fracture or chipping, and the cutting length was
recorded. The results are shown in Table Al.  Sample No. Separation of cutting edges 



have no phase devra tion,

FIG. 7 is a devel-opment figure showing Ehe pÍtch of

n j-cks and the phase of nicked peripheral cutting edges of a

carb¡-de end mi l- l- o f the pres ent invent i on ,

EIG. I is a development frgure showÍng one embodimenE

in whrch a pair of nicked peripheral cuttíng edges of the

adjacent nicked perr-pheral cutting edges has no phase

deviatj-on f.rom the respective reference phase ranged by

equal distance of the reference peripheral cutting edge,

whrch egual distance ís obtained by dividing the nrck pitch

by the number of the cuttlng edges of the peripheral cutting

edge .

FIG. 9 is a graph showrng cutting resistance for a

conventional end mj.]] Ín r,¡hich the phases of cutting edges

are shifted from one anther by an equal amount,

FIG- 10 is a graph showing cutting resistance for a

conventronal end mill- in whrch cuttj-ng edges are separated

unequa 1Iy .

FIG. 11 is a graph showing cutting resistance for the

case where cutting operatíon rs performed by Lrse of the

ca¡bide end milÌ of the p.resent invention in which the

phases of the wavefo¡m peripheral cutting edges are deviated

by an amount correspondrng to 2t the waveform pitch which

falls in a desired range of the present invention frorn the

respective reference phases arrayed r-n equal distance which

equal distance is obtained by divÍdj.ng the waveform pitch by

the number of the cutting edges of the peripheral- cuttj.ng
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Phase deviation amount (mm) Phase deviation amount (%) Cutting length Wear width Evaluation
Second wavy peripheral cutting edge Third wavy peripheral cutting edge 



edge.

EIG. 12 is an enlarged view of end cutting edges of Ffc.

1 and neighboríng portions.

FIG. 13 rs a parEial cross-sectional- view Eaken aLong

line C-C' of FIG. 12 schernatically sho!ùing the shape ôf a

gash taken along a plane parallel to a first gâsh surface.

EIG. 14 is an overall schematic view of a nicked

carbide end mill- showing one embodiment of the present

l.nven t iôn .

EIG. 15 is an enlarged cross-sectional vrew of a nicked

peripheral cutting edge of Efc. 14, taken aJ.ong line B-B',

that is taken along a cuttlng plane paral-l-el to a Iine

repr es ent j.ng tbe hel- ix angl-e of the en d mi 11, for t he case

where the bottom end of each nick is connected to a tool-
shank-srde rounded portron via a sEraight portion.

FIG. 16 is a view corresponding to FIG. 15 fo¡ the case

where the bottom end of each nick is connected to a tool-

shank-side rounded portion via a curve portion convexed

toward the nick groove.

FIG. 1,7 is a view correspondinq' to FIG, 15 for the case

where the bottom end of each nick is connected to a tool-

shank-side rounded portiôn via a straight portion and a

curve portion convexed toward the nick groove,

EIG. 18 shows a convent j.onaL ni-cked carbide end míII in
which the bottom end of each nick rs connecEed to a tool-
shank-side rounded portion vj.a a curve porL,r.on convexed

Eoward the direction opposite the nick g.roove.
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Fourth wavy peripheral cutting edge     Invention Example A 1 Equal separation 0.01 0 0.01 1% 



FIG. L9 Ís a view showing Ehe nick shape described in

Patent Documen[ 3 in çhich â pôrtion connecting each nick

and a corresponding peripheral cutting edge portion has a

s ha rp edgre shape .

EIG. 20 rs a view côrresponding to EIG. 19 and showing

a rounded nÍck shape described j-n Patent Document 4.

FIc- 2I is a v¡-ew shôe¡rng the nick shape described in

Patent Docurnent 4 in which a connection porEion betv¡een each

nick and a corresponding peripheral cutting edge has a

radrus of curvature smaller than that of a concave circular

port1on forrnr-ng the nick groove, ând the râdius of curvature

is made equa] betrdeen the tooJ. end s j.de and the tooL shank

side.

EIG, 22 is a view corresponding to FIG, 21. and showÍng

the nick shape described in Patent Document 4 in çlhich the

radius of curvature on the tool shank side is made larger

than that on the tool end side.

îIG, 23 is a deveLopment figure shor.¡ing the pitch of

nicks and the phase of pe¡ipheral cutting edges ôf e

conventional nicked carbide end mrLL Ín r¡hich the peripheral

cutting edges have no phase deviatíon.

îIG, 24 rs a development figure showj.ng the pj.tch of

nicks and the phases of peripheral cutting edges of the

nrcked ca¡bide end mil-l- of the present rnvention-

FIG. 25 is a development figure showing one embodiment

of the present invention rn vJhich a pair of nicked

perípheral cutting edges of the adjacent nicked perrpheral-
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cutting edges has no phase deviat j-on f¡om the respect j.ve

reference phases arrayed in equal distance which equal

distance is obtained by dividÍng the nick pitch by the

number o f t he cu tt ing edges-and one cutt inq' e dge i s

deviated from the corresponding reference phase.

EIGS, 26(a) and 26(b) are views corEesponding to the

cross-sectional view of a peripheral cutting edge of FIG. 1

taken along IÍne A-A' and showing a ha¡d coat applied Eo the

carbide end mrll of the present invention, wherein EIG,

26(a) is an enlarged cross-sectional view of a r.¡avy

periphe ral cut t l.ng edge, and I'IG - 26 (b ) i s an en.ì-arged

cross-sectronal view of a nicked perÍpheral cuttÍ¡g edge.

EIG - 2-l r s an overa]. l s chema t ic vieç of an end mÍ l- l-

showing one embodrment of the present rnvention configured

such that a cutting edge porEion ís detachably attached to a

tool-holding portion.

FIG, 28 shows. for comparison, a flowchart of a process

in which engraving is performed by use of a conventional end

miII and a flowchart of a process in which engraving ís

performed by use of an end mil-l- according Lo the present.

invent 1on ,

FIG. 29 is a view shorving an exampJ-e l-aminate structure

of a hard coat suitabÌe for a hard-coa t - coated end m¡-ll- of

the present invention, the hard coat beíng cornposed of an

outermost layer and an innermost l-âyer.

FIG, 30 is a view sho!ùing an example laminate structure

of a hard coat suitable for the hard-coât - coâte d end mrl-.Ì of
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the present inventíon, the hard coat being a composite layer

forned by repeatrng an operaEÍon of laminating a fírst Iayer

havrng substantial-ly the same composition as the innermosE

layer and a second layer having substantially the same

cohposition as the outermost layer is repeated aE least once.

FIG. 3I ís a vier,r showing an example .l-amr.naLe structure

of a hard coat suÍtable for the h a rd-coat -coa Eed end mill of

the present invention, the hard coat being composed of an

outermost layer, an Ínte.rmediate layer, and an innermost

layer .

MODE FOR CARRYING OUT THE INVENTION

t00931

Embodiments of the present Ínvention wil-l now be

described with reference to FIGS, 1 to 31, while comparing

'"'i Eh conventíonaI examples. In the case of the embodiments

of the present invent j-on descrj.bed below, hard coat is not

necessaríIy requíred. Hot¡ever, desirably, hard coat is

provided in order to improve performances. FIG. I is an

overall schematic víer,r of a carbide end mil-l showing one

embodÌment of the present invention, EIG, 1 shows an example

carbide end mrll which has â too]- diameter D and has flutes

16 for chrp remova]- and fou¡ peripheral cuttrng edges 1. on

the periphery thereof, The peripheral cutting edges are

wavy peripheral cut ting edges excending from a tool end side

2 toward a shank side 3, TLre number of the cutting edges

can be changed as needed so long as the number of the
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cuEEing edges is two or more, which enab]-es phese shift

among the cutting edges. Eor exampJ-e, in the case where the

end mil-l is used to cut aluminum or the I¡-ke, the number of

Ehe cutting edges rs set to Cwo or so in order to make chip

pockets for chip rernoval a Ìittle larger, In the case where

he end mill is used to cut ha¡d material-, the number of the

cutting edges can be increased up to eighb so as to cope

with hígh feed rates.

t0094 l

EIGS. 2(a) and 2(b) are enl-arged cross-sectronal- víews

of a pe¡Ípheral- cutting edge taken along Iine A-A' of Ffc. 1.

îIG- 2 (a) is an enlarged cros s - sectiona l- viev¡ of a wavy

peripheral cutting edge. As shown in FIG, 2, a normaÌ wavy

cutting edge has a wavefo¡m Hhose r,{ave height is indícated

by 5 and which includes crest portj-ons 6 and trough portions

7 repeatedly appearing at a Havefôrm pitch 4. EIG- 2 (b) is
an enl-arged cross-sectional view of a nicked peripherel-

cutting edge, Each nicked peripheral cutting edge has a

shape whích has a nick (depth rs denoted by 9) and which rs

repeated at a nl.ck pitch 8, whích is the inEerval of
intersections 20 betr.reen the periphetal- cuttrng edge and

nicks. Thus, the nicked peripheral cutting edgre can break

chips to the¡eby reduce cutting resrstance.

f009s l

The waveform pitch and phases of wavy peripheral

cutting edges of Ehe carbide end mill- of the present

invention and those of a conventional end mill will- be
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described for comparrson with reference to EIGS. 3 to 5.

EIG. 3 is a devel-opment frgure showing the phasês and pitch

of ELle wavy perípheraÌ cutting edges of a conventional end

rnil-l- in which the peripheral cuttíng edges have no phase

devíatíon. FIG. 4 is a devel-opment figure showing the

phases and pÍtch of the wavy peripheral- cutting edges of a

carbide end rnrl-l of the present Ínventíon. FIG. 5 is a

development fígure showíng the one embodrment of the present

invention in v¡hich one paÍr of wavy perípheral cutting edges

of adj acent wavy per:-pheral cutting edges has no phase

deviat ion f rom re spe c E ive re f erence pha se s--------+vh ich a¡e

shifted from one another by ân amount corresponding to a

value obtarned by dividÍng tbe waveform pitch by the number

o f Ehe cutt íng edÇes--------rand one cutt rng edge í s devr ated

from the correspond:-ng reference phase. Notabl-y, in FIGS. 3

to 5. the positions of crest portions of the waveform are

índicated by circular marks,

t00 96l

As shown Ìn FIG. 3, in the case of the conventional end

nill-, a firsE wavy peripheraJ- cutting edge, wbì-ch is

illustrated at the top in the drawÍng, ís a reference

peripheral cutEing edge 10. A waveforn pitch 4, which is a

drstance frorn a certâin crest po¡EÍon to the next crest

portlon, (in the case of a nicked peripheral cutting edge, a

nick pítch 8, whrch is a distance from the íntersectiôn of a

certain peripheral cutt j.ng edge wíth â certarn nick to the

next intersection of the next perj.pheral cutting edge with
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the next nick) is divided by four sô as Eo obtarn eâch

.reference phase 14. The remaining peripherat cutting edges

are disposed such that crest portions of second, third, and

fourL,h wavy peripheral cutting edges fI, L2, and 13 are

successj.vel-y atranged $rith the distance of the each

reference phase 14 (every I/4 Etle pitch of the reference
periphe ral cutt ing edge J, 0 ) therebetr^reen ,

t0097ì

In such an arrangemenE, the ¡eference phase 14 between

the crest portíons of a ce¡taín wavy peripheral cuttÌng edge

and those of a wavy peripheral cutting edge adlecent thereto
Ís constant arnong a1I the wavy peripheral cutting edges.

Therefore, the amount of cutting of a workpr-ece by the end

mil-l- is equally shared by each of the wavy perrpheral

cutting edge. In the case erhere each cutting edge cuts the

workpiece in the same amount, resonence occurs during

machining, as ín the case of an equal separatíon end. nil-l-,

which has been desc¡ibed in the prior a¡t section.

Therefore, chattering vibratron Ís apt to be generated.

t00s8l

In contrast, in the case of the end rnilf of the present

invention, as shôwn in EIG. 4, the crest portron of the

phases of the second wavy peripherâl cutting edge 11 which

are disposed adjacent to the reference peripheral cuttl.ng
edge I0, and the phase of the fourth wavy peripheral cutting
edge 13, are shífted equal-ly by a devration amount 15 from

each of the reference phase 14 wherein the distânce of each
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- Chipping  3 Equal separation 0.06 0 0.02 6% 30 m _ Chipping  [0211]       As a result, in the cases of
Invention Examples Al to A5, stable cutting was performed with reduced chattering vibration, and wear
width fell within a normal range even after 50 m cutting. Particularly, in the cases of Invention
Examples Al to A3 and A5, wear width was as small as 0.10 mm or less after 50 m cutting. In the
cases of Comparative Example Al and Conventional Example A3, the amount of deviation from the
reference phase was large, and thus a large cutting load was applied to a wavy peripheral cutting
edge with large phase deviation amount, resulting in occurrence of chipping upon 30 m cutting. In the
case of Conventional Example Al, waveform pitches were provided at equal intervals, and thus
chattering vibration was 



reference phase 1.4 is obEained by drvidrng the Haveform

pitch 4 by four. Specifically, the deviation amounts 15 of

the reference phases 14 of the wavy peripheraL cuttj,ng edges,

other than Lhe reference peripheral cuttíng edge 10, are

determined such that the phase of at least one $tavy

peripheral cutting edge is devíated by an amount

corresponding to 5t or l-ess (excludÍng 0å) of the waveform

pitch 4 of the reference peripheral cut ting edge 10 ln the

directíon of the tool- axis from the corresponding reference

phase 14, the dístance of the reference phase 14 obtained by

dividing the wavy form pitch 4 by four,

t0099l

One of the embodÍnent of the carbide end mill- of the

present invent j.on shown in FIG. 4 is that the wavefo.rm pitch

4 of the reference peripheral cutting edge I0 ís I mm and

the reference phase 14 is obtained by dividrng 1 nm of

r¿aveform pitch 4 by four that is the number of the wavy

peripheral cutting edge. In such a cese, the deviation

amount 15 of the phase of the second wavy peripheral cutting

edge 11 from the corresponding refetence phase is 0.02 mm

(2å the waveforrn pitch 4), the deviation amounE 1.5 of the

phase of the th j.rd wavy peripheral cutting edge 12 f¡om the

correspondJ,ng reference phase is 0 mm, and the devj,ation

amount 15 of the phase of the fourth wavy peripheral cutting

edge 13 from the correspondrng reference phase is 0,02 mm

(2T the wavefo¡n pitch 4), the deviation amount 15 assumes

a positive value when the phase is deviated tor.¡ard the shank

qÃ

increased, and fracture occurred upon 20 m cutting, leading to the end of the service life. In the case
of Conventional Example A2 (i.e., unequally-separated product), chipping occurred upon 40 m cutting
in a wavy peripheral cutting edge with a groove of small separation angle. [0212] (Example A2)       In
Example A21 end mills having nicked peripheral cutting edges were tested in a manner similar to that
described in Example Al. In each end mill, the amount of deviation from the reference phase in a
nicked peripheral cutting edge was adjusted in a manner similar to the cases of the samples of
Example Al for comparison of cutting  performance between the nicked peripheral cutting edge and a
wavy peripheral cutting edge.        In Invention Example AG, an end mill having the following nicked
peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the respective reference phases of the reference peripheral cutting
edge, wherein the distance of the reference phase is an amount corresponding to a value obtained by
equally quartering the nick pitch of the reference peripheral cutting edge. In a second nicked
peripheral cutting edge, the phase deviation amount from the reference phase was adjusted to 1% of
the nick pitch (i.e., 0.01 mm). In a third nicked peripheral cutting edge, the phase deviation amount
from the reference phase was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked
peripheral cutting edge, the phase deviation amount from the reference phase was adjusted to 1% of
the nick pitch (i.e., 0.01 mm). [0213]        In Invention Example A7, an end mill having the following
nicked peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference  phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 2% of the nick pitch0.02 mm). [0214]        In Invention Example A8, an end mill having the
following nicked peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick
pitch (i.e., 0.02 mm). In a third nicked peripheral cutting edge, the phase deviation amount was
adjusted to 3% of the nick pitch0.03 mm). In a fourth nicked peripheral cutting edge, the phase
deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). [02151        In Invention
Example A5, an end mill having the following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (second to fourth) peripheral cutting edges were 



side 3, and a negative vaJ.ue when the phase is devrated

toward the tooJ, end sÍde 2.

t0100l

In the case of another end miII of the present

invention shown in FIG. 5, peaks of the phase of the second

wavy peripherel- cutting edge LL disposed next to the

reference peripheral cutting edge 10 is devrated from the

corresponding reference phase by Ehe devj.ation amount 15,

and the phases of Ehe adjacent third wavy petipheral cutting

edge 12 and the fourth wavy peripheral cutting edge l-3 a¡e

not deviated f¡om the corresponding reference phâse 14 of

L,he reference phases- The deviation amounts 15 of the

phases of at least one wavy perl.phera]- cuttíng edges, other

than the reference pe¡ipheral, cutting edge 10, are

determi-ned such that the deviation arnount 15 is 5t or J.ess

(excluding 03) of the waveform pitch 4 of the reference

peripheral cuttt.ng edge 10 and the peripheral cutt j-ng edge

qrth that deviation amount 15 from the reference phase 14 is

set to the direction of tool axis. As described above, the

carbide end miII j-s configured such that the carbrde end

mil-l- has three or more sravy peripheral cuttÍng edges; at

Ieast a pai¡ of peripheral cì.rttÌng edges of the adjacent

peripheral cutting edges has no phase deviatÍon f¡om the.

respectrve reference phasesi and the amounts of deviation of

Ehe remaining peripheral cutting edges f¡om the respecE.ive

reference phases are unegual from one anothe.r, Even in such

a case, chattering vibration can be suppressed, and high-
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deviated from the above-obtained respective reference phases. In a second nicked peripheral cutting
edge, the phase deviation amount was adjusted to 5% of the nick pitch (i.e., 0,05 mm). In a third
nicked peripheral cutting edge, the phase deviation amount was adjusted to 3% of the nick pitch (i.e.,
0.03 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 4%
of the nick pitch (i.e., 0.04 mm). [0216]        In Invention Example A10, an end mill having the following
nicked peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 0% of the nick pitch (i.e., 0 mm). [0217]       In Comparative Example A2, an end mill
having the following nicked peripheral cutting edges was produced. Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the  remaining
(second to fourth) peripheral cutting edges were deviated from the above-obtained respective
reference phases. In a second nicked peripheral cutting edge, the phase deviation amount was
adjusted to 6% of the nick pitch (i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked peripheral
cutting edge, the phase deviation amount was adjusted to 6% of the nick pitch (i.e., 0.06 mm). [0218]
In Conventional Example A4, an end mill having nicked peripheral cutting edges of constant phase
deviation amount was produced, wherein, in each nicked peripheral cutting edge, the amount of
deviation from the reference phase (i.e., 1/4 of the nick pitch of the reference peripheral cutting edge)
was adjusted to 0%.        In Conventional Example A5, there was produced an end mill having nicked
peripheral cutting edges of constant phase deviation amount with different separation angles  (i.e., 95,
85, 95, and 850), wherein, in each nicked peripheral cutting edge, the amount of deviation from the
reference phase (i.e., 1/4 of the nick pitch of the reference peripheral cutting edge) was adjusted to
0%. [0219]       In Conventional Example A6, there was produced an end mill in which the amount of
deviation from the reference phase in each nicked peripheral cutting edge was determined   as in the
case of the end mill as described in Patent Document 1. Specifically, a first nicked peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second nick peripheral cutting edge, the phase deviation amount was adjusted to 6% of the nick pitch
(i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to
0% of the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation
amount was adjusted to 2% of the nick pitch ie., 0.02 mm). 



efficiency machining can be pe.rformed through high speed

cut t ing .

t 0r-011

An exampJ-e of the end mil-I in which the phase of only

one cutting edge ís devrated from the correspondrng

reference phase wiII be descrÍbed below. A small-díameter

end miII used to form a groôve in a workprece often has

Lhree (odd number) cutting edges ín order to secure chip

removeal. In such a case, according to the specifj-cations

desc¡ibed rn Patent Document 1-, alI the deviatrôn amounts 15

from the reference phase 14 of the mutually adjacent

perrpheral cutting edges are rendered different from one

a¡other. In contrast, according to the present invention,

the deviation amount 15 from the reference phase 14 is

limited to onJ-y one peripheral cuttÍng edge.

t 0102l

In the case of an end mil-l- which has five (odd number)

cuttrng edges. according to the specifications descr:-bed in

PatenE Document I, tr''o kínds of deviatron amounts 15 from

the reference phases are required. In contrast, according

to the present inventíon, only one type of deviation amount

15 from the reference phases L4 is reguired. Even in such a

case, chatterrng vibratj.on can be suppressed, hl.gh-

efficiency ftÉchining can be pe¡fo¡fned through high-speed

cutting, and service life can be extended accordrng to the

present rnvention.

t 01.0 31

5'l

[0220]        In each of the end mills of Invention Examples A6 to A10, Comparative Example A2, and
Conventional Examples A4 and A6, nicked peripheral cutting edges were formed so as to have the
same separation angle.        Each of the thus-produced end mills was subjected to a cutting test
employing a workpiece (for hot working die steel SKD61 having a hardness of HRC 40) in the same
manner as in Example Al. Cutting conditions and evaluation method were the same as those
employed in Example Al. The results are shown in Table A2.  Sample No. Separation of cutting edges
Phase deviation amount (mm) Phase deviation amount (%) Cutting length Wear width Evaluation  



In the carbide end mil-l of the present invention, as

described above, r,¡hen the positions of the crest Portions of

each wavy peripheral- cutting edge are devrated, the amount

of cutting of a workpiece by the end miJ.l rs unequally

shared by the cuttíng edges, whereby chattering vibration

can be suppres sed.

f01041

The results of an experiment in Hhich cutting

resistance and châttering vibratron were measured for a

conventional end mil-1 in çrhich peripheral- cutting edges have

no phase deviation and a carbide end miII of E.he presenE

invention, will be described LJÌth reference [o EIGS. 9 to 11

[010s]

FIG. 9 is a graph showing cuttíng resistance for a

conventj.onal end miII in which the phases of cutting edges

are shifted frorn one anther by an equal arnount. EIG. I0 is

a graph showing cutting resistance for a conventional end

rníll in which ctrtting edges are separated unequaJ.Ly, EIG.

11 is a g.raph shohrrng cutting resistance for the case Hhere

cuttíng operation is performed by use of a carbide end mrII

of the present invention. The end ml.ll of the present

j-nvention has periphexal cutting edges in eJhich phases are

deviated from the respective reference phases of peripheral

cutting edge. The respective reference phase is a.rranged

egually with the distance vaJ.ue obtained by dividing the

pitch of the wave by the number of the cutting edge. The

amount o f the devi at i on is 2 å' the r.rave form p j.t ch, wh ich
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fall-s withrn a preferred range of the present ínvention in

Fig.1I.

t0r06l

A workpiece r^ras formed of st.ructuraL steel, and an end

mil-l- used for measurement was formed of carbide, and had a

tool dÍanete.r D of I mm and four cutti¡g edges. Data were

acquired Ín a state in which the end mrl-J- was formj-ng a

groove in the workpieces under the following cutting

conditions: N = 8000 rpm (Vc = 200 m/min) ; vf - 3000 mm/min

(fz : O.09 mm/tooth), and axial- cutting âmôlrnt = I mm.

Chatterrng vibration was determined from the amplitude of

the waveform of cutting resistance.

t0107l

As shown in FIG. 9, in Ehe case of the conventronal- end

mil-l- in wh¡-ch the cutting edges had no phase devÍation, the

anplitude of the waveform of cutting resístance was 251.9 N

(Newton) . Thl.s means that a cutting force acts on a

workp j-ece at a period corresponding to a value obtained by

muJ-tipÌying the rotationaJ- speed at the time of cuttÍng by

the number of the cutting edges, and resonance occurs at a

frequency corresponding to that period, whereby chatterÍng

vib¡ation is generated, In partícuIar, during high-speed

cuEEing, resonance is more likely to ôccur, and the

rhagnitude of chattering vrbration j.ncreases, As shown in

FIG. I0, in the case of the conventional end mil-I in which

cuttlng edges are separated unequally, the ampliEude of the

cuttíng resistance wavefo¡m was 151.9 N. As shown rn FIG,
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11, ln the case of the end mil-I of Ehe p¡esent invention,

the ampJ-ítude of tbe cutting resj-stance waveform Has 146.1 N,

and the amplitude of the cutting resístance waveform of the

end mi ll- of the pre s ent invent i on r¿a s th e smaLÌ es t .

t0r08l

The end m1l-l of the present invention is configured

such that the end miII incl-udes a plurality of Havy

peripheral- cut ting edges each having alEe¡nate cresE

portions and trough portions. When a certain peripheral-

cutting edge is considered e reference peripheral cutting
edge wíth the egually disEant reference phases which

distance is obtained by dívrding the r.'ave pitch of the

reference perj.pheral cutting edges by the number of the

cutting edges, and the phase of at least one of the

remaining peripheral cutting edges is devíated in the

drrection of the tool- axis f¡om the corresponding reference

phase of the reference peripheral cutting edges by an amount

corresponding to 5t or less (excluding 0t) of the wavefô.rm

pitch. When the end mil-l- of the present ínvention j-s used,

E.he amount of cut by an edge slightly differs among each of

the peripheral- cì..¡tting edges. Therefore, even when high-

speed cutting rs pe¡formed, cutting resistance is dispersed,

and cutting l-oad becomes stable, whe¡eby chattering

vibration can be suppressed.

t0109l

The reason fo¡ determining the phase deviation amount

such that it becomes equal to or less than 5t (excluding 0õ)

bU
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of the waveform p j-tch wil-I be described below, In the case

Hhere the phase deviation amount Ìs greater than 59, uhe

amount of cuttíng greatly drffers among the peripheral

cutting edges, and cutting load concentrates on the

peripheral- cutting edge heving the l-argest phase deviatron

amount, Accordingly, breakage of the tool or chipprng of

the wavy pe¡ipheral cutting edge occurs, whereby the service

Iife of the end rniII becomes short as a whoIe.

t 0110l

Patent Document I discloses an exarnple in whích cutting

s¡âs pe.rformed by use of an end ftill- Hhrch was formed of

high-speed steel, and in which the phase deviation amounE was

set to about 69. If hrgh-speed cuttrng is performed by use

of an end milJ. of the present j,nvention whose base maEerial

is carbide and in Hhich the phase deviation amount was set

to the same vaLue, varj.ation of cutting load increases, and

chipprng occurs at the wavy peripheral cutting edge having

the largest deviation amount,

t01111

In Ehe case where a workpiece formed of a maEerial

having a good machinabilrty such âs cast iron is rnachined by

use of an end mj.J.J. whose base material is high-speed EooI

steel having a hígh toughness at a cuttinq speed of 80 m/min

or less, the workpiece can be machining withouE problem,

However, in the case r,¡here a carbide end mil-l- ís used for

performing higher-efficrency machinrng, the above-mentroned

phase deviation amount of 69 is excessively J-arge, arLd the
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problems of chipping, fracEu.re, etc. occur. Thl.s was

confírmed through an experiment in an exahpl-e to be

des cribed l-a t e¡ .

t0112l

Àt present rnachining sites r¡here dies and parts are

machlned, there is ¡equired an end mil-I which can machlne â

hardened mate.rial having a hardness greater than 40 HRC, as

v,/ e.lJ- as steel not havirg hardenJ.ng E..reaEment, End mrlls
formed of high-speed tool steel cannot satisfy the above-

menLioned need, irrespective of their shapes, because their

service Iives become extremel-y short.

t0rr3l
In order to enab.l-e high-efficiency machining or cutting

of a hard material, whrch is common in such machiníng sites,

the present invention provides a carbide end mj.II in which

the phases of the lravy peripheral cutting edges are deviated

optimall-y and which rs characterized by the phase deviation

amount which prevents fracture or chipplng durÌng high-speed

cutting. The phase devíation amount rs set to 5å o¡ l-ess.

Desirably, the phase of at l-east one r¡¡avy peripheral cuttrng

edge is deviated in Ehe dj-¡ectÍon of the tool- axis from the

corresponding reference phases of the reference peripheral

cutting edge by 1t to 3t the waveform pitch.

t 0114l

As described above, the carbide end mil-l- of the p¡esent

inventron in which the phases of the wavy peripheral cutting

edges are deviated can be used to machine a rrorkpiece formed
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of structural steel-, structural al-loy steel, die steel for

cold or hoE working, hot-roIIed díe steel, stainl-ess steel-,

trtaniLrm alloy, or super-heat-resistant alloy. Even in such

a case, chatteríng vrbration can be suppressed, breaking of

chips can be performed properly, Ehe end mil-l- of thrs

ínvention can be stabJ-y rotated at hrgh speed, and the end

mrII can have an extended service Irfe.

t01r5ì

NexE, a carbide e¡d mill of the present Ìnventlon which

has nicked peripheral cuttÍng edges will be descrrbed. EIGS.

6 to I are development figures which show, for comparison,

the níck pitch and phases of nicked peripheral cuEtinq' edges

of a carbÍde end mill of the present invention and those of

a conventronal end mil-I. EIG. 6 is a development figure

shovJÍng the p j.tch of nícks and the phase of nicked

perípheral- cuttÍng edges of a conventronal end mill in wbich

the peripheral cutting edges have no phase devration. FIG'

7 is a deve.lopment figure showrng the pitch of ¡icks and the

phase of nrcked peripheral cutting edges of a carbide end

miII of the present invention. EIG. I j-s a development

figure showing. one embodj.ment in which a pair of nicked

perípheral- cuttÌng edges of the adjacent nicked peripheral

cuttÍng edges has no phase deviation f¡om tbe respective

¡efe¡ence phases with equal distances which are obtaj.ned by

drviding the nick pitch by the number of the cutting edges,

and one cutEing edge is deviated from the corresponding

reference phase, Notably, in EIGS. 6 to 8/ the posrtions of
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inte.rsecE.ions between the peripheral cutting edges and nÍcks

are indrcated by circular marks.

[0t t 6l

As shown in FIG. 5, in the case of the conventronal end

rnílI, a first nicked peripheral cutting edge, which is

ilJ.ustrated at Ehe top in the drawing, is a reference

peripheral cutting edge I0. A nick pitch 8 is a distance

from the i.nte.rsectÍon 20 betHeen a certain nick and the

refe¡ence peripheral- cutting edge 1-0 to the next

intersection 20, Each reference phâse 14 ís obtained by

dividing the nick pitch I by four. and the remaining

peripheraJ. cutting edges are arranged such that Ehe

intersectÌons 20 between the correspondrng nicks and the

second, thlrd, and fourth nicked peripheral cutting edges 17,

I8, and 19 are successrvely a.¡¡anged with sâme distance of
the reference phase 14 (7/4 the pitch of the reference

peripheral cuEting edge 10) therebetween.

t0117l

fn such an arrangement, the reference phase I4 between

the intersections 20 of a certaj.n nicked peripheral- cut ting

edge and those of a nicked peripheral cutting edge adlacent

thereto is constant among aII the nicked peripherâl- cuttíng

edges. Therefore, the amount of cutling of a workpiece by

the end miJ.l is equally shared by each of the nicked

perlpheral cuttÍng edq'es. In the case where each cutting

edge cuEs Ehe workpiece in the same amôunt, resonance occu.rs

during hachrning, as in the case of an equaJ- separâtron end
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mill, which has been described in the príor art sec[ion.

The¡efore, chattering vibratíon is easrly generated.

t 0118 I

In contrast, rn the case of the end mj.J.I of the present

ínve.ntion, as shown j-n FIG. 7, The lntersection 20 of a

certai.n nick and each of the second nicked peripheral

cuttÍng edge 17 which are dísposed adlacenE to the reference

peripheral cutting edge 10, and the fourth nicked perrpheral

cutting edge 19, are deviated from respective ones of the

reference phases 14 rn the direction of the tool axis by a

deviation amount 15, The value of the refe¡ence phase 14 ís

obtained by drviding the nick pitch 8 by four-by a

deviation amount 15, Specífically, the deviation amounts 15

of the phases of the second nj-cked peripheral cuttingr edge

1? and C.he fourth nicked peripheral cutting edge 19 are

dete¡mined such that the phase of at ]east one nrcked

peripheral cutting edge ís deviated in the di¡ecEion of the

tool axis from the corresponding reference phase 14, by an

amount corresponding to 5t or l-ess (excluding 0t) of the

nick pitch I of the reference peripheral cutting edge 10.

t0119l

FIG. 7 shows an example carbj.de end ¡nill- ôf the present

j-nvention configured such thaE the n:-ck pitch 8 of the

reference peripheral cutting edge 10 is 1 mm. In such a

case, the deviation amount 1,5 of the phase of the second

nicked per.:.pheraI cuttrng edge 17 from the corresponding

reference phase 14 of the reference peripheral cutting edge
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25 m - Chipping  [0222]       As a result, in the cases of Invention Examples A6 to A10, stable cutting
was performed with reduced chattering vibration, and wear width fell within a normal range even after
50 m cutting. Particularly, in the cases of Invention Examples A6 to AS and A10, similar to the case of
Example Al, wear width was as small as 0.10 mm or less after 50 m cutting. However, comparison
between the results of Example Al and Example A2in which the test was performed under the same
conditionsindicated that the wear width of nicked peripheral cutting edge is slightly larger than that of
wavy peripheral cutting edge; i.e., wavy peripheral cutting edge is superior to nicked peripheral cutting
edge in terms of cutting of a workpiece such as for hot working die steel. [0223]       In the cases of
Comparative Example A2 and Conventional Example A6, the amount of deviation from the reference
phase was large, and thus a large cutting load was applied to a nicked peripheral cutting edge with
large phase deviation amount, resulting in occurrence of chipping upon 25 m cutting. In the case of
Conventional Example Ad, nick pitches were provided at equal intervals, and thus chattering vibration
was increased, and fracture occurred upon 15 in cutting, leading to the end of the service life. In the
case of Conventional Example A5 (i.e., unequally-separated angles), similar to the case of Example
Al,  chipping occurred upon 35 m cutting in a nicked peripheral cutting edge with a groove of small
separation angle. [0224] (Example A3)       In Example A3, the end mill of the present invention was
employed for high-speed cutting, and the service life of the end mill was compared with that of the end
mill tested in Example Al.       In Example A3, an end mill of Invention Example All was produced in
the same manner as in Invention Example A2 (Example Al); an end mill of Invention Example Al2 was
produced in the same manner as in Invention Example A3 (Example Al); and an end mill of Invention
Example A13 was produced in the same manner as in Invention Example A4 (Example Al). [0225] 



is 0.02 mm (2$ the nick pitch 8), the deviation amount t-5 of

the phase of the third nicked peripheral cutting edge 1.8

from the correspondiDg reference phase 14 is 0 ¡nm, and the

deviation amount 15 of the phase of the fou¡t.h nrcked

peripheral cutting edge 19 from Lhe corresponding ¡eference

phase 14 is 0,02 mm (29 the nick pitch 8) , The deviatíon

amount l-5 is de.[rned as a positive value Hhen the phase is
deviated toward the shank side 3, and a negative value when

the pbase is deviated toward the tool end side 2.

t0r20 ¡

fn the case ôf another end mrLl of the present

inventron shorùn in EIG. 8, the rntersection 20 of a certain
nÍck and the second nicked peripheral- cutting edge 17

dísposed next to the ¡eference peripheral cutting edge 10 Ís
deviated frorn the corresponding ¡eference phase 14 by the

deviation amount 15, and the phases of the adjacent third
nicked peripheral cutting edge 18 and the fourth nicked

peripheral cutting edge 19 are not deviated from the

corresponding reference phases 14.

t 01211

In FIG. 8, the deviation amounts 15 of the phases of

the nicked peripheral cutting edges, ôther than the

reference perrpheral cutting edge 10, from the respective

reference phases 1,4 are dete¡mined such that the deviation

amount 15 of the phase of at least one nlcked peripheral

cutting edge frorn the corresponding reference phase 14 is 5t

or less (excluding 0t) of the nick pÌtch 8 of the refe¡ence
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Each of the end mills was subjected to a cutting test employing a workpiece (die steel SKD61 for hot
working having a hardness of HRC 40). For testing, cutting was carried out under the following
conditions: rotational speed: 9,000 rotations/min (cutting speed: 226 m/min) (i.e., 1.5 times that in
Example Al), feed rate: 2,160 mm/min (0.06 mm of feed per cutting edge), amount of cutting in axial
direction: 4 mm, and amount of cutting in radial direction: 4 mm. For evaluation of the end mill, 50 in
cutting was performed in a manner similar to that in Example Al. The results are shown in Table A3.
Sample No. Separation of cutting edges Phase deviation amount (mm) Phase deviation amount (010)
Cutting length Wear width   Second wavy peripheral 



perj pheral cutting edge 10. Furthermore, as in the same

manner of the above-mentioned carbíde end mil-l- of the

present rnvention which have wavy peripheral cuttrng edges

and in whlch only one of the peripheral- cuttj-ng edges has

the phase deviation amount 1.5, when the number of the

cutting edges is an ôdd number, by neans of making the phase

deviation amount 15 of only one perrphe.ral- cuttrng edge

different from those of the remaining perípheral cuttrng

edges, the end miIl can suppress chattering vibration, can

perform hrgh-efficiency machining through hígh speed cutting,

and can have an extended servrce life.

The reason for confr-gurÍng the carbide end mil-I ôf the

present invention having nrcked peripheral cutting edges

such that the deviatlon amount 15 of the phase of each

perrpheral- cutting edg'e becomes equa]- to or less than 5t

(excludíng 0*) of the nick pitch I l¡iII be described beloç.

In the case where the phase deviatron amount is greater than

5t, the amount of cutting greatly drffers among the

peripheral cutting edges, and cuttíng load concentrates on

the peripheraJ- cutting edge having the Iargest phase

devíatron amount, Accordj.ngly, breakage of the tool or

ch j,pping of the nicked perrpheral cutttng edge occurs,

whereby the service life of the end miII becomes short as a

whole. Preferably, the phase of each nicked perJ.pheral

cutting edge is deviated in the directíon ôf the tool axis

from the corresponding reference phase 14 by L% to 3t the

nick prtch 8.

õt

cutting edge Third wavy peripheral cutting edge Fourth wavy peripheral cutting edge    Invention
Example A 11 Equal separation 0.02 



lo722l

As described above, the carbide end mill of the present

j-nventron in which the phases of the nicked perj.pheral

cut ting edges are devj-ated f¡orn the respective reference

phases can be used tô mechlne a wo¡kpiece formed of

structura.l- steel-, structural aÌloy steel, die steel for cold

or hôt working, stainless steel-, titanium all-oy, or super-

heat-resistant aIIoy. Even rn such a case, chattering
vibration can be suppressed, breakinq. of chips can be

perf o rmed proper.ì-y, th e end mi 1l- can be stabl y rota ted a t
hr-gh speed, and the end milÌ can have an extended service

Iife.

lo1,23l

The distrnctive nick shape of tbe nicked carbide end

mill of the present invention will be described, together

with the nick shape of a conventional end nill. for
comparison with reference to EIGS. 14 tÕ 22- FIG. L4 is an

ove¡al-1 schematic vÍew of a nicked carbide end mil-l- showing

one embodiment of the present invention. As shown in EIG.

14, the end ¡(ilL of the present invention has an end míII
body whrch has a tool dj.ameter D and which has a plural-ity

of perrpheral cutting edges t having a helix angl-e 0. Nrcks

34 for breaking chips are provided on the outer

circumference of the end niII body at predeterrníned

intervals from the tool- end side 2 toward the shank side 3.

loi.24l

The detailed cross - s ectiona J. shape of the nicks 34 of
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the nicked carbide end miII of the present inventron will be

described wrth reference to FIGS. 15 to 17. The detaíIed

c¡oss-sectíonal shape of Ehe nícks 34 of a conventional

nÍcked end nil-I v¡1ll be described with ¡eference to EIGS. 18

lo 22. EIG. 15 is an enlarged cross-sectional víew of a

nicked peripheral cuttrng edge of EIG. 14, taken along line

B-Br, that is taken al-ong a cuttrng plane parallel to a l-íne

representÍng the heLÍx angle of the end mil-L, for the case

Hhere the bottom end of each nick grôove is connected to a

tool-shank-side rounded portion via a straight po¡tion.

t012sl

Since each periphera] cuttrng edge of the end milL has

a predetermrned helrx angle 0, the B-B' cross section rs a

cross section of nj-cks and a periphe.raL cuttrng edge taken

al-ong a cuttÍng plane para]-l-el- to a line .representing the

helix angle of the end mil-l-. Notably, in FIGS- 15 to 17,

Ìrhich shoH an exâmple end mrll of the present ínvention and

FIGS. 1.8 and EIGS, 20 to 22 whích show a conventional- end

mrII, for convenrence, the radius of curvature of an

circular po.rt].on (rounded portion) 35 present on the tool

end side of each nick is presented by Rl, and the radíus of

cu.rvature of an circula.r porcion (rounded po¡tron) 36

presenE on the shank side of the nick is presented by R2.

Hatching in each of EIGs. 15 ¿o 22 rndicates a cross sectíon

of an end mi 11.

lo726l

In the nícked carbide end mílI of the present ínvention.
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13 Equal separation 0.05 0.03 0.01 5% 50 m 0.14 mm  [0227]       As a result, in the cases of
Invention Examples All to Al], stable cutting was performed, and wear width fell within a normal range
even after 50 m cutting; i.e., the same cutting length as in the case of Example Al was achieved even
through high-speed cutting. Particularly, in the cases of Invention Examples All and Al2, wherein the
amount of deviation from the reference phase of the cutting edge fell within a preferred range, wear
width was 0.1 ram, which is smaller than that in Invention Example Al]! [0228] (Example A4)        In
Example Al, comparison of grinding time upon production was carried out. In the case of production of
an unequally-separated product, grinding of edge grooves requires a long grinding time for adjustment
of separation angle. In addition, since a large number of portions must be ground for attaining uniform
land width, a long grinding time is required. In this Example, particularly, different times for grinding of
edge grooves were measured. Specifically, there was measured the time required for grinding of one
edge groove for producing the end mill of Invention Example Al (Example Al) or the end mill of
Conventional Example A2 (Example Al) (unequal separation). The results are shown in Table A4. 



each nick 34 rs confígured such tlrat each nÍck groove 39 is
connected to the corresponding perj-pheral cutting edge 1 via

the tooJ,-end-side rounded portion 35 having the radius R1 of
curvature and the tool-shank-side rounded portj-on 36 having

the radius R2 of curvature. The curvature redius Rl of the

tool-end-side rounded po¡tiôn of eaclr nick is rende¡ed

smaller than the curvature radius R2 of the t ool- -shank-s í de

.rounded portion of each nick. Furthermo¡e, preferably, a

bottom portron 37 of each nick groove 39 has a concave shape,

and is connected, at a bôLtom end 38 of the nick groove 39,

to the too.l-shan k-side rounded portion (havlng the curvature

radius R2) via a straight portion or a convex curve,

l0721l

Tn the nicked carbíde end mill of the present invention,

tlle bottom end 38 of each nick groove is connected to the

tooJ--shank-side rounded portion 36 by one of three rnethods,

a s shor'¡n in FI GS . 15 t o 17 . In the repres entat ive exarnple

al-ready described wíth ¡efe¡ence to FIG. 15, the bottom end

of each nÍck groove is connected to the tooÌ-shank-side

rounded portion via a strarght portion. In an example shown

in EIG, 16, the bottom end of each nick groove is connected

to the tool-shank-side rounded portron via â curve porE.ion

convexed toward the nick groove, In an example shown rn FIG.

17, the bottom end of each nick groove ís connected to the

t ool-- shank-s ide rounded portion via a combinatiôn of curve

porEion convexed toward the nick groôve and a sEraight

por t ion .
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[0r281

High-speed cutting becomes possíbIe through

optimízatiorL of the phase devration amount, which is another

shape-reLated feature of the present rnvention. HovJever, in

the case where machinrng 1s perforrned under conditíons for

hÍgh-effíciency machinrng at a high feed rate, chippÍng may

occur and the accu.racy of a machined surface may dete¡iorate

unless the nick shape is further optimized. In such a case,

as better means, there can ernployed an improved nicked

carbide end mil-l- of the present invention in which, as shown

in EIGS. 15 to 17, the tooL-shank-side rounded portion 36

and the bottom end 39 of each nick groove are connected via

a shape sel-ected f.rom st.ra j.ght portíon 40, e curve portion

41, convexed toward the nick gtoove, and the convex curve

po.rtion 41 combined with the straight portron 40. Srnce the

ì-mproved nicked carbrde end mil-l- has an increased strengEh,

stable cuttrng can be performed r.¡ithout causing chipping

further to the optimízing ôf the phase deviation amount, at

a cutting speed 1.5 times o.r more, as compared wíth the case

where a convent i onal- end m¡- l-l- r-s us ed .

LOr29l

As compared with high-speed tool steel havì-ng a

relatively high toughness, which is used for cutting tooJ-s,

carbj-de, whrch is the base rnater:-al of the carbide end mill

of the present inventron, is briEtle, Therefore, ín the

case whe¡e rough machining is performed by use of the

carbide end mil-I of the present invention at a cutting speed

71.

cutting edge _ Fourth wavy peripheral culling edge   Invention Example A 1 Equal separation 0.02 0
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1.5 Eimes or more the conventional- cutting speed,

optimÍzation ôf the phase deviation amount, whrch is
unnecessary for end miIIs formed of hiq'h-speed tool- steel-,

becomes necessa.ry. In additÍon, in order to stably perform

high-speed rnachining, wh¡-ch can be realized through

optÍmization of the phase deviation emount, a severe shape

design must be applied for the níck shape, Therefore, in
the present rnvention, as measures agaínsE. chj.pping durrng

high-speed cuttinq', it is mo¡e essential how to connect the

bottom end 38 of each nick groove and the tool-shank-side

¡ounded portiôn 36 via a straight portj.on and,/or a curve

portion, which is one feature of the present invention, as

descrÍbed above.

t01.30l

In the ¡icked carbide end miLl of the present invention.
desì-rably, the curvatu¡e radius R1 of the tool-end-side
rounded portron of each níck 34 fall-s u¡-thin a range of
0.01D to 0.03D (D represents the tool dj-ameter) . When the

curvaEure radius R1 fal-Is within thrs ranqre, Ehe strength of

the rounded portion connectrng the nj.ck 34 and the

peripheral cutting edge 1. on the Lool- end side 2 can be

tncreased, whereby chipping can be prevented. When the

curvature radius R1 of the tool--end-side rounded portion J.s

l-ess than 0,01D, the strength of the rounded porE.ion is
relativel-y low, whereby chipping may occur during cutting.
When the curvature ¡adius Rl of the tool--end-side rounded

portlon exceeds 0,03D, a force with which a rn¿.chined surface

'12

11 minutes Conventional Example A 2 Unequal separation 0 0 0 0% 15 minutes  [0230]        In the
case of production of an unequally-separated product, grinding of edge grooves requires a long
grinding time for adjustment of the separation angle of a cutting edge. In addition, since a large
number of portions must be ground for attaining uniform land width, a long grinding time is required. In
the case of Conventional Example A2 (i.e., unequally-separated product), grinding time was
prolonged by four minutes (i.e., about 1.4 times) as compared with the case of Invention Example Al.
[0231] (Example A5) 



is pressed toward to the tool shank rncreases. As a result,

ì-ine-shaped marks remain on the machrned surface, which

affects the accuracy of the machined surface.

t0r.31l

Desirably, tbe curvature radius R2 of the tool--shank-

side rounded pôrtron of each níck 34 of the nicked carbide

end mrl-l- of the present invention fa1ls v¡itbin a range of

1.,5D to 2.0D (D represents the tool- diamete¡) . In this case,

the nick 34 and the peripheral cuEting edge 1 Ìs connected

together property, whereby the rounded portion on the tool-

shank side 3 of the nick groove 39 can have a strfficiently

large strength, and chJ.pping can be prevented' Therefore'

high-efficì-ency machining can be performed et a hÍgh feed

raEe, In the case where the curvâture radius R2 of the

tool--shank-side rounded po¡tion of each nick 34 l.s l-ess than

1.5 times the tool drameter D, the strength is insufficient-

In the case e¡here the curvaEure ¡adius R2 of the too].-shank-

side rounded portion of each nick 34 exceeds 2,0 Eimes the

tool drameter D, cuttrng resÍstance increases. In erther

case, chipping is apt to occur.

L0t32l

Desirabty, the dePth 9 of each nr-ck of the nicked

carbide end mil-I of the present invention falls within a

range of 0.01-D to 0.05D. In the case where the depEh 9 of

each nick rs l-ess lhan 0. 01D, the feed amount per sr-ngIe

cutting edge cannot be increased. In such a case, the níck

14 does not act efficíentJ-y. Eor example, ín the case where

13

In Example 215, cutting test (groove cutting) was carried out for evaluating chip removal performance.
An end mill of Invention Example A13 was produced in the same manner as in Invention Example Al
(Example Al); an end mill of Conventional Example A5 was produced in the same manner as in
Conventional Example Al (Example Al); and an end mill of Conventional Example A6 (i.e.,
unequally-separated product) was produced in the same manner as in Conventional Example A2
(Example Al). Each of the end mills was tested in terms of feed rate limit by using structural steel as a
workpiece. Cutting conditions were as follows: rotational speed: 8,000 rotations/min (cutting speed:
200 m/min), feed rate: 2,000 mm/min (0.06 mm of feed per cutting edge), and amount of cutting in
axial direction: 8 mm. For evaluation of each end mill, feed rate was increased by 400 mm/min  every
1 m cutting, and the feed rate at which breakage occurred was recorded. When no problems occurred
after machining, mark "0" was assigned in the Table A5, whereas when breakage occurred or when
fracture or chipping occurred after 1 m cutting at any feed rate, mark "X" was assigned. A sample
which attained a feed rate of 3,200 mm/min or higher was evaluated as "good." The results are shown
in Table A5. [0232] [Table A5] Evaluation Pol09 Fracture Breakage I  I 001 0 X  



the feed amount per síngle cutt j-ng edge is greater tban the

depth 9 of each níck, instead of short chips, long

continuous chrps a-re produced, which makes emplo].ment of
high feed rate difficuIE.. In contrast, in the case where

the feed amount per singl-e cìrtting edge is less than the

depth 9 of each nick, employmenE of high feed ¡ate becomes

impossible. fn the case !ùhere the depth 9 of each nick
exceeds 0.05D, the strength of each cutting edge decreases,

and chipping may occur. Therefore, in the case where the

depth 9 of each nick falls in the above-mentroned range of

Ehj.s invention, chips can be b¡oken more p.roperty, and

cutting resÍstance decreases. Accordingty, high-effJ.cj-ency

machining can be pe.rformed rnore reliably.

t 0133l

NotabJ-y, the contour shape of three ¡epresentatíve nick
g¡ooves are shoHn in each of EIGS. 15 to l?. In the present

invention, each nrck 34 must satísfy tbe essentiel- condition

that the curvature radius R1 of the tool--end-side rounded

pôrtron is smal-Ie¡ than the curvature radius R2 of the tool--

shank-side rounded portion. However, aII the nrcks 34 do

not necessarily to have the same curvature râdius Rt of the

tool-end-srde rounded portion and the same curvature radíus

R2 of the tool--shank-side .rounded portion. However, since

it is common to use a grrnding stone for gtrnding the nick
grooves 39, desirably, all the nicks 34 have substantÍel-ty

[he sâme dimensions. In this case, wben the nicked carbÍde

end niII is manufactu.red, the same grinding wheel- shape can

14
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be conveniently used to grind aLl the níck grooves 39.

[0r.]41

Both the i-nventions discl-osed in Patent Document 3 and

Patent Document 4 are characterized by the shape of nicks.

As can be understood from the resul-ts of evaluation descried

in Tabl-e 82, end mills (Conventional Example 84 tô B7)

fabricated on the base of the shapes of Ehese inventJ,ons,

have the following problems.

[0]-3sl

As shovJn in FIG, 19, the shape of nÌcks described in

PaEent Document 3 ís such thât the connected shape of a nick

34 and a peripheral cutting edge portron t has a sharp edge.

large flank angles are provided at opposite ends of each

nick so as to secu.re sufficj.ent strength in thÌs case.

H oweve r, th i s shape rai se s a big probl em as soc j. a Eed r,¡ith

chipping resistance durj-ng hJ.gh-efficiency machrning.

t0136l

In particular, in the case where cutting is performed

under conditions for hrgh efficiency by use of a nicked

carbide end mill in which the phase of the nrcked perrpheral

cutting edges are deviated from the respective ¡eference

phases with equal drstances which are obtained by dividing

the nick pitch of Ehe reference peripheral cutting edge by

the number ôf the cutting edges, If the nicks have edge

portions 43, which are angular; a.e., have sharp edges as

shown in FIG. 19, which shows the cross-sectional shape of a

nick, the possibility of occurrence of chipping is hÍgh. In

'15

cutting edges Equal separation Equal separation Unequal separation Sample No. a- .-1 n m  Invention
Example A Conventional Example A Conventional 



thj.s case, Ehe¡e arises a problem in that J-r-ne-shaped marks

remaÍn on a machined surface, and a sufficient surface

roughness cannot be obtained, Patent Document 3 describes

that the shape edge portions may be Ìounded. However, this

only disclosed an idea of rounding the sharp edge portions

wiUhin a commonly employed rangre. As shown 1n Ffc. 20, the

edge portion 43 has a curveture radius Rl, and the tool-

shank-síde rounded portion has a curvature radrus R2. The

idea of roundÍng the sharp edge po¡tions as shown in FIG. 20

merely produces shapes similar to the bas:-c shape shown in

FIG. 19,

[0r37]

EIG- 2L is a view showing the nick shape descrÍbed in

Patent Document 4, In the nick shape shoHn in EIG. 21, a

connection portion betr,¡een each nÍck and a co¡responding

peripheral cutting edge portion has a radíus of curvature

small-er than that of a concave cj-rcular portron forming the

nick groove, and the radius of curvâture is made equal

between the tool end side and the tool shank srde.

flc- 22 shows a nick shape which is similar to that

sho'"¡n in îIG. 2L and q¡hich is also described in PaLenl:

Documen[ 4. In the nick shape of FIG, 21, the radj-us of

curva ture on the t ooJ- shank s ide i s m.ade J.a rger than t hat on

the t ool- end side.

t 0138l

In order to achieve the oblect of the present

inventr-on; i.e., in order to realize a machining efficiency

'76

Example A  (0233]        As a result, in the case of Conventional Example AS (i.e., cutting edge with
unequally-separated angles), when feed rate is increased for groove cutting, chips become large.
When such large chips are jammed in a small edge groove, breakage or fracture occurs in the edge.
In the case of Invention Example A14, cutting was performed until feed rate reached 3,200 mm/min
without causing any problem. In contrast, in the case of Conventional Example A7, vibration was
increased, and fracture occurred when feed rate reached 3,200 mm/min. In the case of Conventional
Example AB (i.e., cutting edge with unequally-separated angles), breakage occurred when feed rate
reached 2,B00 mm/min. Through observation of the tool thereafter, welding of chips was found in
edge grooves having small separation angle, and breakage was found to occur as a result of jamming
of chips in edge grooves. [0234] (Example A6)        In Example AG, peripheral cutting edges having
different shapes (i.e., wavy peripheral cutting edge and nicked peripheral cutting edge) were
compared with each other by carrying out a cutting test employing an easy-toweld workpiece
(stainless steel 3U3304). An end mill of Invention Example A14 was produced in the same manner as
in Invention Example A2 (Example Al), and an end mill of Invention Example A15 was produced in the
same manner as in  Invention Example A7 (Example A2). Each of the end mills was employed for
cutting. [0235]        For service life testing, cutting was carried out under the following conditions:
rotational speed: 5,000 rotations/min (cutting speed: 125 m/min), feed rate: 1,200 mm/min (0.06 mm
of feed per cutting edge), amount of cutting in axial direction: 4 mm, and amount of cutting in radial
direction: 1 mm. For evaluation of each end mill, peripheral cutting edges thereof were observed every
5 in cutting. When neither fracture nor chipping occurred in an end mill until 30 m cutting, the and mill
was evaluated as "good," and the wear width of the end mill was measured. The results are shown in
Table A6.  Sample No. Peripheral cutling edge 



(feed amount per single cutting edge; rotational speed) at

l-east two tirnes the machiníng efficiency achieved by use of

a conventional- end mill. only to round the sharp edge

portions withín the bound of conmon sense is insufficrenE.

In order to achieve the object of the present invention, it

is important to determine the shapes of portions which

connect each nick 34a and the corresponding perrpheral

cutting edge 1, incJ-udrng the rel-ation between the radius of

curvature on the tool end side 2 and the râdiìi.s of curvature

on the tooÌ shank srde 3. and j-t is also important to

determrne the manner how to connect the curvature to Lhe

nick grooves 39.

t013 9l

The present inventor carried studies on the opEimum

sizes of the curvature radius RI ôf the tool--end-side

rounded portion and the curvature radius R2 of the tool-

shank-srde rounded portion, the relation between the

curvature radiì.rs R1 and the curvature radius R2, and the

manner in wh¡.ch the boEtom portion 37 ôf eech nÍck groove l.s

connected to the corresponding tool-shank-side rounded

portron 36 in the case where Ehe above-mentioned sizes fal-l

wíthrn respectÍve desired ranges. As a result, the present

inventors succeeded in developÍng the nicked carbíde end

ni11 which has a cutting performance for obtarning a semi-

finishing surface .¡oughness (which cannot be attained by use

of a conventional end mill in wh¡-ch the portion which

connects each nick groove and the corresponding tool-shank-

shape Phase deviation amoun (mm) Phase deviation amount (%) Cutting length Wear width
Evaluation   Second wavy (nicked) peripheral cutting edge Third wavy 



sj.de rounded portÍon assumes a mere partial circul-er shape).

and which has a sufficientl-y high chipping resístance of the

nick.

t014 0l

A desired nick shape of the nicked carbide end mrll- of

Ehe present invention is such that the tool-shank-side

rounded portion is connec[ed to the bottom end of tbe nick

groove via a st¡a j.ght portj-on, a cu¡ve portion convexed

to!ùa.rd the nick groove, or a combination of the straight

portion and Ehe convex curve portion. This shape increases

the strength of the nick considerably.

[014r.]

In contrast/ Ìn each of the conventionaJ. end mill-s

shown in FIGS, 21. a d 22, each of Hhich shows â cross

section of nicks, the botE.om porEion of each nick groove

assumes a partial- circul-ar shape, and, therefore, as viewed

in the cross sectíon. the surface of each of the tool-end-

side rounded portion 35 and the tool-shank-side rounded

portron 36 is connected by a curve having a point of

inflection. The strength of each nick havíng such a shape

is lower tha¡ that of the end mil-l- of the present invention.

Therefore, Lhe conventional end rníII in which each nr.ck has

the above-described shape cannot be said to have a cutting
performânce for obtaining a semi-finishÍng surface roughness

and have a suf f r.cientJ-y high nrck chippr-ng resistance,

10742)

The desired shape of each nick 34 of Ehe present

7A

(nicked) peripheral cutting edge Fourth wavy (nicked) peripheral cutting edge     Invention Example A
15 Wavy peripheral cutting edge 



invention and the partial roÌe of the shape, whrch can be

a.lso understand from the example of the present invention

are as foIIor,rs. The curvature radius R1 of Ehe tool--end-

síde rounded portion is reguíred so as to secure a

satisfactory cutting performance, whíIe securing a

satisfactory strength, and ma:-ntain good surface roughness.

Desirably, the curvature radius Rl falls wrthin the range of

0.01D to 0,05D (D: tool- díameter), and the ßore desírable

range is 0.01D to 0.03D.

[0t43¡

In order to secure the chipprng resrstance of each nick

34, the curvature radíus R2 of the tool-shank-side rounded

portion is desi¡abl-y set to fafl wíthrn the range of 1.1

times to 2,5 times tbe curvature radius R1 of the tool-end-

srde rounded portion. The more desirabl-e range of the

curvatu¡e radius R2 of the too.l--shank-side rounded portion

is 1.1 times to 2.0 times the curvature ¡adius R1 of the

tool-end-srde rounded portrôn.

t 014 4l

Howeve.r, the above described effects of the curvature

¡adius R2 of the tool--shank-s j-de rounded portion and the

curvature radius RI of the tool-end-side rounded portíon and

the effect of the shape of n:-cks groove r¡hich is teken into

consideration as needed are not exhibited solely in the

nrcked carbide end mil-l-. The effect of the shape of nicks

groôve is truly produced lhrough satisfactl.on of aII the

requirements regarding the nick g'roove, ín particu.ì-ar,

79

0.02 0 0.02 2% 30 m 0.141 mm Good  16 Nicked peripheral cutting edge 0_02 0 0.02 2% 



additj.onaJ.J-y through ôptínization of the phase deviation

amount of the nicks, which makes possibl-e to perform cutting
at a speed far beyond conventional cutting speed Hithout

ch ippi ng ,

t 014s l

Next, the nicked carbide end miIl of the present

invention in whích the phase deviation âmount is nonuniform

among lhe nj.cked peripheral- cutting edges and a conventionaL

nÍcked carbide end rnill in which the nicked peripheral

cutEing edges have no phase deviation amount wiII be

described for comparison with reference to FIGS - 23 Xo 25-

A nj.ck cross-sectional shape shoHn in each of FIGS. 23 to 25

shôws the case whe¡e a tooJ--s hank- s r de rounded portion is
continuous.ly connected to the bottom end of a corresponding

nick groove via a convex cLtfve portion.

t 0r-4 6l

FfG. 23 is a development figure sho!ùing the prtch of
nrcks and the phâse of peripheral cutting edges of a

conventional nicked carbide end mill in which the peripheral

cuttl.ng edges have no phase deviatÌon. EIG. 24 is a

development figure showíng the pitch of nrcks and the phases

of peripheral cutting edges of the nicked carbÍde end mil-l-

of the present invention, FIG, 25 shows one of the

embodiment of the present onventíon. In FIG, 25, a paír of
nicked peripheral cutt j.ng edges of the adjacent n j.cked

peripheral cutting edges has no phase deviation f¡om the

respective phases of Ehe reference perípheral cutting edge,
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30 m 0.13 mm Good  [0237]       As a result, in the cases of Invention Examples Al5 and A16, wear
width fell within a normal range even after 30 m cutting, which indicates that an easy-to-weld
workpiece (e.g., stainless steel) can be cut by means of each of the end mills of this invention.
However, the wear width of nicked peripheral cutting edges in Invention Example A16 was found to be
0.13 mm, which is slightly smaller than that of wavy peripheral cutting edges in Invention Example AlS
(i.e., 0.14 mm). These data show that nicked peripheral cutting edge is superior to wavy peripheral
cutting edge in terms of cutting of an easy-to-weld workpiece such as stainless steel. [0238] (Example
Bl)        In Example Bl, particularly, the optimal amount of deviation of nicked peripheral cutting edges
from the respective reference phases was determined. In Invention Examples BI and B2, Comparative
Example Si, and Conventional Examples Bl and B2, end mills, each having four cutting edges, were
produced from a carbide base having a Co content of 8 wt.% and a mean WC grain size of 0.8 gm
(tool diameter: 8 mm, cutting edge length: 16 mm, helix angle: 450, total length: 70 mm, shank
diameter: 8 mm). [0239]       In each of the end mills of Invention Examples Dl and B2, Comparative
Example Bl, and Conventional Examples 131 and   B2, nicks were formed such that nick pitch was 1
mm, the curvature radius R1 of a tool-end-side rounded portion of each nick was 0.025 D (0.2 mm in
actual size, the same shall apply hereinafter), the curvature radius R2 of a tool-shankside rounded
portion of each nick was 1.6 times the curvature radius R1 (i.e., 0,32 mm), and the depth of each nick
was 0,03 D (0.24 mm). In each end mill, gashes each composed of a plurality of surfaces were formed
so as to attain a first gash angle of 25 and a second gash angle of 50. The bottom end of each nick
was connected to the toolshank-side rounded portion thereof (curvature radius R2) via a straight
portion. Each of the end mills (sample) was coated with a hard coat including an intermediate layer
formed of TiAlSiN, an innermost layer formed of TiAlN, and an outermost layer formed of TiSiN. [0240]
In Invention Example Bl, an end mill having the following nicked peripheral cutting edges was
produced. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
respective reference phases of the reference cutting edge, wherein the distance of the reference
phase is an amount corresponding to a value obtained by equally quartering the nick pitch of the
reference peripheral cutting edge. In a second nicked peripheral cutting edge, the phase deviation
amount was 



and one cuttrng edge Ís deviated from the corresponding

phase. Notabl-y, rn EIGS. 23 lo 25, the positions of

inte.rsections between the peripheral cutting edges and nrcks

are indicated by cÍrcula¡ marks,

[0r47]

As sho!,¡n in FIG, 23, ín the case ôf the conventionaL

end miII, a fírst nicked peripheral cuttrng edge, which is

illust¡ated at the top ín the drawing, is a reference

peripheral cutting edge 10. A nick pJ.tch I is a distance

from the intersection 20 of a certaln nick with a cerE.ain

cutting edge I0 to the next inte.¡sectron 20 of the next

peripheral cutting edge with the next nick. A refe¡ence

phase 14 ís obtained by dividÍng the nick pitch I by four.

The remaining peripheral cuttrng edges are disposed such

that the intersecLions 20 of the correspondíng nicks wrth

the second, thj-rd, and fourtb nrcked perr-pheral cutt j-ng

edges 17, I8, and 19 are successÍve.Ly arranged wrth the same

drstance of the corresponding reference phase 14 (every l/4

the pitch of the reference peripheral cutting edge 10)

therebetween .

t014I l

In such an axrangemenE, the reference phase 14 at the

rntersections 20 of a certain nick with a certain peripheral-

cutting edge r-s constant among all the nicked peripheral

cutting edges. Therefore, the amount of cutting of a

workpiece by the end mill- is equally shared by each of the

nicked perípheral cutting edges. In the case where each

81

adjusted to 1% of the nick pitch (i.e.., 0.01 ram). In a third nicked peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked peripheral
cutting edge, the phase deviation amount was adjusted to 1% of the nick pitch (i.e., 0.01 mm). [0241]
In Invention Example B2, an end mill having the following nicked peripheral cutting edges was
produced. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second nicked peripheral cutting edge, the phase
deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked peripheral
cutting edge, the phase deviation amount was adjusted to 0$ of the nick pitch (i.e., 0 mm). In a fourth
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). (0242]       In Invention Example 133, an end mill having the following nicked peripheral
cutting edges was produced. Specifically, a first nicked peripheral cutting edge was considered a
reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated from the above-obtained respective reference  phases. In a second nicked peripheral cutting
edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third
nicked peripheral cutting edge, the phase deviation amount was adjusted to 3% of the nick pitch (i.e.,
0.03 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 2%
of the nick pitch (i,e., 0_02 mm). [0243]       In Invention Example B4, an end mill having the following
nicked peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 5% of the nick pitch (i.e.,
0.05 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 3% of
the nick pitch (i.e., 0.03 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount
was adjusted to 4% of the nick pitch (i.e., 0.04 mm). [0244]        In Invention Example B5, an end mill
having the following nicked peripheral cutting edges was produced. Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were  deviated from the above-obtained respective
reference phases. In a second nicked peripheral cutting edge, the phase deviation amount was
adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). [0245] 



cutting edge cuts the workpj.ece in the same amôLrnt,

resonance occurs during cutting, as in the case of an equal

separation end míII, which has been described ¡-n the prior

art section. Therefore, chattering vibratton is apt to be

gene rated .

I014 9 j

In contrast, in the case of the end rníII of the present

inventton, as shown in FIG, 24, |uhe phases of the second

nícked peripheral cutting edge 17 which are disposed

adjacent to'the reference peripheral cutting edge 10, and

the fourth nicked peripheral cuttÍng edge 19, are shifted
eaqualÌy by a deviation amount 15 f¡orn each of the reference

phase 14 which value is obtained by dividing the nick pitch

I by four.

t01s0l

Specifically. the deviatÍon amounts 15 from the

reference phase 14 of tlre second nicked periphelal cutting

edge 17 and the fourth nicked peripherâI cutting edge 1.9 are

determlned such that the phase of at least one nicked

peripheraL cutting edge Ìs deviated by an amounE

correspondíng to 53 or less (excluding 0-3) of the nick pítch

I of the reference peripheral cutting edge 1.0 in the

dj.rection of the tool- axis from the corresponding reference

phase 14. The distance of tbe reference phase 14 is obtained

by dì.v:.drng the waveform pitch 4 by four.

t 0151j

FIc- 24 shows an exampl-e carbide end miLl of the
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In Comparative Example 51, an end mill having the following nicked peripheral cutting edges was
produced. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second nicked peripheral cutting edge, the phase
deviation amount was adjusted to 6% of the nick pitch (i.e., 0.06 mm). In a third nicked peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth
nicked peripheral cutting edge, the phase deviation amount was adjusted to 6% of the nick pitch (i.e.,
0.06 mm). [0246]       In Conventional Example Bl, there was produced an end mill having nicked
peripheral cutting edges of constant phase deviation amount, wherein, in each nicked peripheral
cutting edge, the amount of deviation from the reference  phase (i.e., 1/4 of the nick pitch of the
reference peripheral cutting edge) was adjusted to 0%. [0247]        In Conventional Example B2, there
was produced an end mill having nicked peripheral cutting edges of constant phase deviation amount
with different separation angles (i.e., 95, 85, 95, and 85), wherein, in each nicked peripheral cutting
edge, the amount of deviation from the reference phase (i.e., 1/4 of the nick pitch of the reference
peripheral cutting edge) was adjusted to 0%. [0248]        In Conventional Example 83, there was
produced an end mill in which the amount of deviation from the reference phase in each nicked
peripheral cutting edge was determined as in the case of the end mill as described in Patent
Document 1. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second nick peripheral cutting edge, the phase
deviation amount was adjusted to 6% of the nick pitch (i.e., 0.06 mm). In a third nicked peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm), In a fourth
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm}. In each of the end mills of Invention Examples BI to  B5, Comparative Example 13/, and
Conventional Examples Bl and B3, nicked peripheral cutting edges were formed so as to have the
same separation angle. [0249]        Each of the end mills was subjected to a cutting test (service life
test) employing a workplace (die steel SKD61 for hot working having a hardness of HRC 40).
Specifically, cutting was carried out under the following conditions: cutting speed: 150 m/min
(rotational speed: 6,000 rotations/min), which is 1.5 times the cutting speed in conventional
high-speed cutting (i.e., 100 m/min), feed rate: 1,600 mm/min (0.06 mm of feed per cutting edge),
amount of cutting in axial direction: 4 mm, and amount of cutting in radial direction: 4 mm. [0250] 



present Ínvention configured such Ehat the nick pitch I of

the reference peripheral cutting edge 10 is 1 mm. In such a

case, the devration amount 15 of the phase of the second

nicked perÍpheral cuttíng edge 17 from the corresponding

¡eference phase 14 is 0,02 nm (28 the nick pitch 8), the

deviat j.on amount 15 of the phase of the third nicked

peripheral cutting edge 1,8 from the corresponding reference

phase 14 is 0 mm, ând the devrat j-on amount 15 of the phase

of the fourth nicked peripheral cutting edge 19 f.rom the

correspondrng refetence phase 14 j,s 0,02 mm (2t the nick

pitch 8). The devÍation amount 15 assumes a positrve value

when the phase ís der¡iated towa¡d the tool slrank side 3, and

a negative value when the phase rs deviated toward the tool

end si.de 2.

t01s2l

In the case of another end milI of Ehe Present

invention shown in EIG. 25, the phase ôf the second nicked

peripheral cuttrng edge 17 disposed next to Ehe reference

peripheral cutting edge 1.0 is deviated from the

correspording reference phase 14 by the deviaEion amount 15,

and the phases of the adjacent third nícked peripheral

cuttÍng edge I8 and the fourth nrcked periPheral cuttrng

edge I9 are not deviated f.¡om the corresponding reference

phases 14,

( 01s31

The devration amounts 15 of the phases of the nicked

peripheral- cut trng edges, other than the reference
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For evaluation of each end mill, peripheral cutting edges thereof were observed every 5 in cutting.
When neither fracture nor chipping occurred in an end mill until 50 in cutting, the end mill was
evaluated as "good," and the wear width of the end mill was measured. When fracture or chipping was
observed in peripheral cutting edges of an end mill before 50 in cutting, cutting was stopped upon
observation of fracture or chipping, and the cutting length was recorded. The results are shown in
Table Bl.  Sample No. Separation of cutting edges Phase deviation amount (mm) Phase deviation
amount (To) Cutting length (m) Wear width (mm) Evaluation  



perÍpheral cutting edge 10. from tbe ¡espective reference

phases 14 are determined such that the devÍatron amount l-5

of the phase of at least one nicked periphe¡al cutting edge

from the correspondíng reference phase 14 is 5& or Ìess

(excluding 0t) of the nick pitch I of the reference

peripheral cutting edge 1-0.

t0r54l

An exampl-e of the end rnill in wh j-ch onl-y one cut ting
edge has the devration amount 15 will be described. A

small-drameter end mill used to form a groove in a workprece

often has three (odd numbe¡) cuttlng edges Ín order to

secure chrp removâÌ. In such a case, acco¡ding Co the

specifications described in Patent Document 1, aII Ehe

deviatÌon âmounts I5 of the phases of the mutual-ly adjacent

peripheral cutting edges from the respective reference

phases 14 are rendered diffe¡ent f¡om one another. In

contrast, acco.rding to the present ínvention, the deviation

amount 15 of the phase of only one perrphera]- cutting edge

from the co.rrespondrng reference phase I4 is rendered

different from those of the remainrng perÍpheral cutting

edge s .

t0rssl

In the case of an end mil-Ì which has five (odd number)

cuttrng edges, according to the specificaEions described in
Patent Document 1, two kinds of deviation amounts 15 from

the reference phases 14 are required. In contrast,

according to the present inventiôn. even only one kind of
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Second nicked peripheral cutting edge Third nicked peripheral cutting edge Fourth nicked peripheral
cutting edge     Invention Example 13 



deviation amount 15 from the reference phases 1-4 is

acceptable to suppress chattering vrbratíon to perform hÍgh-

efficrency machining through high-speed cutting/ and servtce

Iife can be extended.

t 01s6l

In ôrder to realj-ze a carbíde end mil- for hÍgh-speed

cuttrng j.n which the phase deviation amount is made

nonuniform among the peripheral cLrtting edges, properly

determining the nick phase devÍation amount is very

impôrtant. Fu¡thermore, both the proper determinatíon of

the phase deviatíon âmount and the optimization of the

cross-sectional shape of the nícks are essent j.aI for putting

the nj-cked carbide end mill- into practice.

t01s?j

ln Ehe case of the carbide end miII of the present

J.nvention, to get a larger removal amôunt of chrPs per unit

trme compared to the amount by use of a conventlonal end

mill, it is a good avenue to optimrze the gash shaPe of the

end cuE.ting edges. An embodiment j-n which the peripheral

cutting edges as shown in FIG. 1 are wavy peripheral cutting

edges and gashes are provided for the end cutting edges will

be described with reference to FrGS. 12 and 13'

t01s8l

FIG, 12 rs an enla¡ged vj-ew of end cutting edges of FIG-

1 and nerghbor j-ng portíons. Each gash of the carbide end

mill of the present invention shown in FIG. 12 rs composed

of a fi¡st gash surface 51 (cutting face of a corresponding
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1 Equal separation 0.01 0 0.01 1 50 0.1 Good  2 Equal separation 0.02 0 



end cutting edge), a second gash surfece 52 provÍded on the

side LoHard the rotati-onal center of the tool axis of the

end mr.Ll, and a thrrd gash surface 53 províded on the

peripheral side of the end miII.

[0rs 91

EIG, 13 is a partial cross-sectional viee¡ taken along

line C-C' of EIG, l-2 schematicaJ-J-y shorùing the shape of a

gash taken along a plane parallel to the first gash surface.

Notably, a hatched portion of FIG. 13 shor¿s a cross section.

t 01601

In FIG. 13, a frrst gash angle 55 is formed between a

crossing' portiôn 54 of the first gash surface wj.th the

second gash surface, and a pl-âne perpend j- cul- arl-y

Íntersectrng the axis, and a second gash angle 57 is fo¡med

between a crossing portion 56' of the first gash surface and

the third gash surface. and the plane perpendicularly

intefsecting the axis. The first gash angl-e 55 is 15" ro 35",

and the second gash angle 57 is 40' to 600. The length 58 of
a connection portion between the second gash surface and the

thrrd gash surface is not Iess than 5t the tooJ- dÍameter D

as measured from the tool roEation axÌs and less than 20t

the tool diameter D. The lenqrth 58 of a connection portion

refers to the distance between the center of the rotation
axis and the connection porE.ion of the second gash surface

52 çith the thi¡d gash surface 53.

t0r.6r- l

flrth reference to FIGS. 12 and 13. there has been
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descrrbed the embodiment in whích the peripheral cuttrng

edges are wavy peripheral- cutting edges, and gashes are

provided for the end cuttrng edges. Hor^reve.r, l.t is good

practice to optimrze the gash shape of the end cutting edges

even in the carbide end ñil-l- of the present invention whose

peripheral cutting edges are nícked perípheral cutting edges

as shown ín FIG. 14. Even rn such a case, preferably, the

carbide end milL has a gash shape as shown in EIGS. 12 and

13, a.e., each gesh is formed such that the gash is composed

of a pJ.urality of surface; r-e-, a first gash surface

(cutting face of the côrresponding end cuttr.ng edge), a

second gash surface provided on the side toward the

rotational- center of the tool axÍs of the end mill, and a

third gash surface provided on the peripheraJ- side of the

end mil-l-; a first gash angJ.e 55 of 15" to 35' is formed

between a crossing portion 54 of the first gash surface wrth

Ehe second gash surface, and a plane perpendicularly

rntersecting the axis; and a second gash angle 57 of 40'to

60" is formed bethreen a crossing portion 56 of the first
gash surface l¡ith the third gash surface, and the pl-ane

perpendicularly íntersecting the axis.

lo162l

By virtue of such a configuration of the gashes, even

when Iongitudinal--feed cuttrng, laEeral-feed cutting, or

obl-rque cutti¡g is performed by use of the perÍpheral

cutting edges having deviated phases, chips are removed

easj-Iy from the end cutting edges at the trme of
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l ongr tudl.nel-- fe ed cuttrng or oblrgue cuttj.ng. Therefore,

the end rníIl of the present invention having such a gash

configuration can endure high-speed cutting durj-ng l-ateral-
feed cuttinqr or oblique cutting. and can minÍmize chattering
vi b ration ,

t 0163l

Since the first gash angle 55 rs set to 15" to 35', the
rigidity in the vicinity of the tool rotat j.on axis can be

secured, and chip removabilÌty is improved. fn the case

where the fj-rst gash angle 55 rs less than l5', chip pockets

in the vicinity of the center porEion of the toôl rotation
axis become nerror,r, lùhereby fracture occurs due to chíp

clogging. Fu¡thermore, in the case where the first gash

angle 55 is in excess of 35', fracture occurs due to lack of
the rigidÍty of the end cutting edges in the vicinity of the

center .

t 0r-64l

The length 58 of the connecEion portion of the second

gash surface 52 wíth the third gash surface 53 as measured

from the tool rotation axis is set to be not l-ess than 5â

the tool- diameter but be l-ess than 20T the tool diameter.

Thus, the rÍgidity of the end cuttrng edges in the viciniLy
of the tool roE.at j-on axis can be secured, and rernoval. of
ch j-ps to the grooves on the petrphery can be improved. In
the case where the Iength 58 of the connection portion of
the second gash surface 52 wrth the third g.ash su.rface 53 as

measured f¡om the tool- rotation axis rs less than 5t the
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tool- diameter, the third gash surface 53 is provided to be

closer to [he too]- rotatron axis, Therefore, the rígidity

of the end cutting edges in the vicinrty of the tool

.rôtation axrs decreases, and fracture becomes more lrkely to

occur at the end cutting edges rn the vrcinity of the tool

rotat i on ax i-s ,

t 016s l

In the case where the length 58 of the connection

portron as measu¡ed from the tool rotaEion axís is equal to

or greater than 20T the tool dlameter. chips produced by the

end cutting edges are pressed against the second gash

surface 52 for a longer time. Therefore, at the time of

high-speed cutting, chips stagnate on the second gash

surface 52, and chip rernovabrlity deteriorates. As a result,

chip congestron is likeJ-y to occur, which may resul-t in

fractu.re of the end cutting edges.

t 0166l

TLre second gash angJ-e 57 is set to 40" to 60" as a

result of studies performed on Ehe removability of chíps

produced by the end cutting edges at the time of

Iongi Eudína l- - feed cutting and oblique cuttrng, In the case

where tbe second gash angle 57 is less than 40", chips

pressed ag'aínst Ehe second gash surface 52 are difficulE Eo

flow along the thrrd gash surface 53 to the fl-utes on the

periphery, and the chips are scattered to the outside of the

tool-. In particular. at the tj.rne of Iongitudrnal--feed

mach in ing, the too I :-s s urrounded by Ehe wa L.L su rf ace o f a

t9
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machined ho1e, and, even at the time of obligue cutting, the

tool is partrall-y surrounded by the formed wal-I surface.

Therefore, it is drfficult for the tool to remove ch j.ps to

the out s j.de o f the tool . There f ore, in the ca se vJhe.re the

second gash angle 5? is l-ess than 40'. chips produced by the

end cutEing edges do not smoothly flosl toward Ehe flutes on

the periphery. whêreby chíp clogging becomes more l-ikely to

occu r .

t0r.67l

In the case wllere Ehe second gash angle 5? exceeds 60o.

the rigrdity 1n the vicinity of the tool- end decrease,

fracEure is apt to occur, even if there is no problern with

removing chip because chip pockeEs for chip removaÌ become

larger, whereby chips produced by the end cutting edges

smoothly flos¡ toward the flutes on the periphery.

t0168l

By means of setting the first gash angl-e 55 and the

s e cond ga sh angl-e 5 7 to respect ive op E.imal- .¡ange s , chips

produced by the end cutting edges cân be removed smoothly

during longitrrdinal-feed cutting añd obl-rque cutLing. Since

the performance of removing chips produced by the end

cutting edges is not affected by the shape of the perípheral

cutting edges, the same effect can be obtained irrespectÌve
of r,¡hether the peripheral cutting edges are wavy peripheral

cutting edges or nicked peripheral cutting edges.

t 0169l

In partícular, as an obLÍque cuttrng is apt to become
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unstable, an end mrl-I must have satrsfactory chip

removabj-I¡.ty and satisfactory tool rigidity at the same t j-me

in order to efficiently and stabl-y perform hrgh-speed

oblÍgue cuttrnqr. If importance i.s attached to the chip

removability, the tool rigidity decreases, and fracture and

breakage become more lrkely to occur. If Ìmportance is

attached to the tool rígidity, the chiP removabrlity

deterrorates, and fracture and breakage become more IÍkely

to occu¡, The end rnrll- of the present invention ín '¡hich

gashes are provrded for the end ctrtting edges has a cuttrng

edge shape determined by focusing on both of the chip

removability and the rigJ.dity of the end mil-I. Since

chattering vibration can be suppressed by rneans of optimally

determining the arrangement of nicks or the waveform of the

perrpheral cutting edges, fracture and breakage are Iess

likety to occur, and stable and high-efficiency obll.que

cutting can be performed. When a conventional end mill- is

used, the maximum til-t angle of the end mill- during oblique

cuttj.ng is about 50. In contrast, when the end mlII of the

present ínventÍon rs used, ordinary obÌique cutting can be

performed r.¡iEh 20' or greater of the tilt anqrJ-e.

Io]701

EIG- 2'7 is an overall schematic view of an end milI

shog¡ing one embodirnent of the present inventíon confrgured

such that a cutting edge portion rs detachably attached to â

tool--holdj.ng portion. A cutting edge portion 29 formed of

carb¡-de can be detachabl-y attached to a tool-hoIdíng portion
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6 25 - Chipping  [0252]        AS a result, in the cases of Invention Examples B1 to B5, stable cutting
was performed with reduced chattering vibration, and wear width fell within a normal range even after
50 m cutting. Particularly, in the cases of Invention Examples Bl to B3 and 25, wear width was as
small as 0.10 mm or less after 50 m cutting. In the cases of Comparative Example B1 and
Conventional Example B3, the amount of deviation from the reference phase was large, and thus a
large cutting load was applied to a nicked peripheral cutting edge with large phase deviation amount,
resulting in occurrence of chipping upon 25 m cutting. In the case of Conventional Example Bl, nick
pitches were provided at equal intervals, and thus chattering vibration was increased, and fracture
occurred upon 15 m cutting, leading to the end of the service life. In the case of Conventional
Example B2 (i.e., cutting edge with unequally-separated angles), chipping occurred upon 35 m cutting
in a nicked peripheral cutting edge with a groove of small separation angle. [0253] (Example B2)
In Example B2, particularly, the optimal shape of nicked peripheral cutting edges was determined. In
Invention Examples B6 to B23, Comparative Examples B2 and B3, and Conventional Examples B4 to
B7, end mills each having four cutting edges were produced from a carbide base having a Co content
of 8 wt.% and a mean WC grain size of  0.8 gm (tool diameter: 10 mm, cutting edge length: 20 mm,
helix angle: 45, total length: 90 mm, shank diameter: 10 mm). [0254]       In Example B2, each end mill
was produced so as to have the following nicked peripheral cutting edges.  Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were deviated from the respective reference phases of the
reference peripheral cutting edge, wherein the distance of the reference phase is a value obtained by
equally quartering the nick pitch of the reference peripheral cutting edge. In a second nicked
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02
mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of the
nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 2% of the nick pitch (i.e., 0.02 mm). Each end mill (sample) was coated with a hard coat
including an intermediate layer formed of TiAlSiN, an innermost layer formed of TiAlN, and an
outermost layer formed of TiSiN. (0255] 



30, therefore, rn the case where the cutting edges wear as

a result of cuttrng, only the cutting edge po¡tron 29 is
required to be exchanged. Thus, cost of use can be J.owered.

Although the material- of the tool-hoIding porEion 30 may be

carbide, which is the same mate.¡ral as the cutting edge

portion 29, Ehe tool-hol-ding portion 30 may be formed of

alloy steel such âs SCM440 or SKD61. In thrs case/

manufacturing cost can be lowered.

t017r-l

FIG. 28 shorùs, for comparÍson, a flor¡chart of a process

in whÍch engraving is performed by use of a conventional end

mÍIl and a flovJchart of a p¡ocess in which engraving is
perfôrmed by use of an end mil]- according to the present

invention. In the case where a pocket is engraved by a

conventional method, fÍrst a hole is formed by use of a

drill-. After that, the drill is replaced with an end mill

through tool, exchange, and the formed hole ís extended by

use of the end rnil-I. In the case where the end mrl-l of the

present inventÍon having a novel shape is used, high-

effict.ency obJ-íque cutting can be performed while the til-t

angle ís set to 20" or greater. Therefore, the pocket can

be formed wrthout tool- exchange. According to the cuttÍng

method of the present invention, any combination of

longi Eudina 1- feed cutting, obl-ique cutting, and lateral-feed

cutting can be performed by use of a singl-e end mill-.

Therefore, the man-hour required for setup can be reduced,

and the machininqr p¡ocess can be shortened greatly.
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Nicked carbide end mills of Invention Examples 2 and Comparative Examples 2 were produced by
varying the curvature radius 21 of a tool-end-side rounded portion of  each nick, the curvature radius
R2 of a tool-shank-side rounded portion of each nick, the depth of each nick, and the shape of a
portion connecting the bottom end of each nick and the tool-shank-side rounded portion of the nick.
Nicked carbide end mills of Conventional Examples B were produced so as to have shapes as
described in Patent Documents 3 and 4. [0256]       As shown in Table B2, end mills of Invention
Examples B6, 27, BB, and B21 were produced by varying the shape of a portion connecting the
bottom end of each nick and the toolshank-side rounded portion of the nick, wherein the curvature
radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.02 D (0.2 mm in actual
size, the same shall apply hereinafter), the curvature radius R2 of a tool-shank-side rounded portion of
each nick was adjusted to 1.7 times the curvature radius R1 (0.34 mm), and the depth of each nick
was adjusted to 0.025 D (0.25 mm). [0257]       End mills of Invention Examples 139 to B20 and 823
were produced such that the bottom end of each nick was connected to the tool-shank-side rounded
portion (curvature radius R2) of the nick via a straight portion. In Invention Example B9, the curvature
radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.01 D (0.1 mm), the
curvature radius R2 of a tool-shank-side rounded portion of each nick was adjusted to 1.6 times the
curvature radius R1 (0.16 mm),  and the depth of each nick was adjusted to 0.025 D (0.25 mm).
[0258]       In Invention Example B10, the curvature radius R1 of a tool-end-side rounded portion of
each nick was adjusted to 0.03 D (0.3 mm), the curvature radius R2 of a tool-shankside rounded
portion of each nick was adjusted to 1.6 times the curvature radius R1 (0.48 mm), and the depth of
each nick was adjusted to 0.025 D (0.25 mm). [0259]        In Invention Example B111 the curvature
radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.02 D (0.2 mm), the
curvature radius R2 of a tool-shankside rounded portion of each nick was adjusted to 1.5 times the
curvature radius R1 (0.3 mm), and the depth of each nick was adjusted to 0.025 D (0.25 mm). [0260]
In Invention Example B12, the curvature radius R1 of a tool-end-side rounded portion of each nick
was adjusted to 0.02 D (0.2 mm), the curvature radius R2 of a tool-shankside rounded portion of each
nick was adjusted to twice the curvature radius R1 (0.4 mm), and the depth of each nick was adjusted
to 0.025 D (0.25 mm). [0261] 



Io Ll2)

Next wÍLl be described typical hard coats suitab.le for

use in the coated end mj,II of the p¡esent lnvention. The

end mill of the present invention has a novel shape, and

thus the end milI realizes high-speed cutting only by vi¡tue

of this shape, es compared }¡ith the case of conventionaL end

mil-Is. However, as shown in the ExampLes hereinbelow,

coating of the end mill- with a hard coat further improves

the performance Ehereof. The hard coat may be formed of a

TiN coat, from the viewpoint of oxidation resistance.

AlternatÍvely, the hard coat may be formed of a TicN coat,

from tbe viewpoint of wear resisEance. Hordever, ln

consideratron that the end mill- of the present rnvention Ls

empLoyed rn the envlronmenE where the temperature of a

cutting edge tip reaches 800'C or higher, the hard coat j-s

preferabfy formed of a TiAIN coat, which is superior to the

aforementioned fiN or TiCN coat in terms of oxídation

res j-stance (eval-rrated by oxidation initiat¡-on tempera ture)

and hardness property.

t0113l

I.lc- 26 ¡-s an enJ.arged cross-sectlonal vj.ew of a

peripheral cuttíng edge of the hard coat-coated carbide end

mj-J.I of the present invention, as taken al-ong A-A' of FIG.

1. FTG, 26 (a) is an enJ-arged view of a wavy peripheral

cutting edge, and EIG, 26 (b) is an enÌarged view of a nícked

peripheral cutting edge. The wavy peripheral cuttrng edge

shown rn Elc- 26 (a) rs coated with a hard coat 31. AIso,
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In Invention Example B13, the curvature radius R1 of a tool-end-side rounded portion of each nick
was adjusted to 0.02 D (0.2 mm), the curvature radius R2 of a tool-shankside rounded portion of each
nick was adjusted to 1.7 times  the curvature radius R1 (0.34 mm), and the depth of each nick was
adjusted to 0.01 D (0.1 mm) [0262]        In Invention Example B14, the curvature radius R1 of a
tool-end-side rounded portion of each nick was adjusted to 0.02 D (0.2 mm), the curvature radius R2
of a tool-shankside rounded portion of each nick was adjusted to 1.7 times the curvature radius R1
(0.34 mm), and the depth of each nick was adjusted to 0.05 D (0.5 mm). [0263]        In Invention
Example B15, the curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to
0.007 D (0.07 mm), the curvature radius R2 of a tool-shankside rounded portion of each nick was
adjusted to 1.7 times the curvature radius R1 (0_12 mm), and the depth of each nick was adjusted to
0.025 D (0.25 mm). (0264]        In Invention Example B16, the curvature radius R1 of a tool-end-side
rounded portion of each nick was adjusted to 0.033 D (0.33 mm), the curvature radius R2 of a
tool-shankside rounded portion of each nick was adjusted to 1.6 times the curvature radius R1 (0.52
mm), and the depth of each nick was adjusted to 0.025 D (0.25 mm). [0265]       In Invention Example
B17, the curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.02 D
(0.2 mm), the curvature radius R2 of a tool-shank-  side rounded portion of each nick was adjusted to
1.3 times the curvature radius R1 (0,26 mm), and the depth of each nick was adjusted to 0.025 D
(0.25 mm), [0266]        In Invention Example B18, the curvature radius R1 of a tool-end-side rounded
portion of each nick was adjusted to 0.02 D (0.2 mm), the curvature radius R2 of a tool-shankside
rounded portion of each nick was adjusted to 2,5 times the curvature radius R1 (0.5 mm), and the
depth of each nick was adjusted to 0.025 D (0.25 mm). [0267] 



the nicked peripheral cutting edge shown in PIG. 26(b) is
coated !ùith a hard coat 31. When the perrpheral cuEting

edge is coated with a hard coat. as shown rn EIG. 26(a) or

26(b\, the performance of the end rníII can be further
Ímproved.

[01]41

The hard coa[ Ìnây be formed of a TÍN f i]-m, when

priority is g j.ven to oxrdation resistence. Alternatj.ve1y,

the hard coat may be formed of a TiCN film, when priority is
given to wear resistance- However, in consideration that
the end niII of the present invention is employed in the

environmenE where the temperature of a cutting edge tip

.reaches 800"C or higher, the hard coat is preferably formed

of a TiAIN film, which is superior to the aforementioned TiN

or TiCN fil-m ín terms of oxidation resistance (eval-uated by

oxidation initiation tempereture) and hardness p¡operty.

t0r7s I

EIG, 29 shows an exâmpÌe laminate structure of a hard

coat suitable for use Ín the hard coated end rnrIl of the

present Ínventíon, wherein the hard coat rncludes an

outermost layer and an innermost J-ayer. The Iower side of

EIG- 29 corresponds Eo a base carbide 66, and the bâse

carbide 66 is coated with the hard coat includÍng the

following two layers: the innermost layer 62 and the

outermost layer 61.

f01l6l

FIG. 30 shor,rs an example laminate structure of a hard
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In Invention Example B19, the curvature radius R1 of a tool-end-side rounded portion of each nick
was adjusted to 0.02 D (0.2 mm), the curvature radius R2 of a tool-shankside rounded portion of each
nick was adjusted to 1.7 times the curvature radius R1 (0.34 mm), and the depth of each nick was
adjusted to 0.008 D (0.08 mm). (02681        In Invention Example B20, the curvature radius R1 of a
tool-end-side rounded portion of each nick was adjusted to 0.02 D (0.2 mm), the curvature radius R2
of a tool-shankside rounded portion of each nick was adjusted to 1.7 times the curvature radius R1
(0.34 mm), and the depth of each nick was adjusted to 0.07 D (0.7 min). [0269]       In Invention
Example B21, the curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to
0.02 D (0.2 mm), the curvature radius R2 of a tool-shankside rounded portion of each nick was
adjusted to 1.7 times the curvature radius R1 (0.34 mm), and the depth of each nick was adjusted to
0.025 D (0.25 mm). Furthermore, gashes each composed of a plurality of surfaces were formed so as
to attain a first gash angle of 20 and a second gash angle of 45. [0270]        In Invention Example B22,
the bottom end of each nick was connected to the tool-shank-side rounded portion (curvature radius
R2) of the nick via a concave arc portion, wherein the curvature radius R1 of a tool-end-side rounded
portion of each nick was adjusted to 0.01 D (0.1 mm), the curvature radius R2 of a tool-shank-side
rounded portion of each nick was adjusted to 1.3 times the curvature radius R1 (0.13 mm), and the
depth of each nick was adjusted to 0.025 D (0.25 mm). [0271]        In Comparative Example B2, an
end mill was produced in the same manner as in Invention Example 6, except that the curvature
radius R2 of a tool-shank-side rounded portion of each nick was adjusted to be equal to the curvature
radius R1 of a tool-end-side rounded portion of each nick (i.e., 0.025 D (0.25 mm)). In Comparative
Example 3, an end mill was produced in the same manner as in Invention Example 6, except that the
curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.034 D (0.34
mm), and the curvature radius R2 of a tool-shank-side rounded portion of each nick was adjusted to
0_2 mm; i.e., the curvature radius R2 was adjusted so as to be smaller than the curvature radius Al of
the tool-end-side rounded portion. [0272]       In Conventional Example B4, an end mill was produced
such that a portion connecting each nick and a corresponding peripheral cutting edge portion had a
sharp edge shape  (i.e., the nick shape described in Patent Document 3). FIG. 19 shows the nick
shape. The end mil/ was produced in the same manner as in Invention Example 6, except that
rounded portions were not provided on the tool end side and the tool shank side of each nick. 



coat suitable for Ehe hard coated end mrll- of the present

invention, the hard coat being a composj-te layer formed by

repeating coatíng ât J-east one Hith substantially the same

composrtl.on of the innermost Iayer and substantially the

same composrtion of the outermost layer. The lower side of

EIG, 30 corresponds to a base carbide 66, and the base

carbide 66 is coated with the hard coat incJ.udj.ng Ehe

following four layers: an inne¡most l-ayer 62 on the base

carbide 66, a f il-m 64 having the same composj.Eion as the

outermost layer, a coat 63 having the same composition as

the inne.rmost layer, and an outermost layer 31, the

composite layer also can be formed by repeating a coating

with alternately J-aminatrng a plurality of films 34 havíng

the same composition as the outerrnost J-ayer of the hard coat

and a plural-rty of fil-ms 33 havj-ng the same composition as

the innermost layer of tlle hard coat.

t01? 7 l

FlG, 3L shows an example laminate structure of a hard

côât surtabÌe for use in the hard coated end mrll of the

present invention, the hard coat being composed of an

outermost J-ayer, aû Ìntermediate layer, and an rnne.rmost

layer, The loe¡e! side of EIG. 31 corresponds to a base

carbide 66, and the base carbide 66 Ís coated with the hard

coat rnc].udingr the following three Layers: an innermost

Layer 62, an intermediâte J-ayer 65, and an outermost layer

61-

t 0 r?8l
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[0273]       In Conventional Example 85, an end mill was produced such that each nick had the shape
shown in FIG. 19 wherein a rounded portion may be provided on the nick (see FIG. 20) as described
in Patent Document 3. The end mil/ was produced in the same manner as in Conventional Example 4,
except that the curvature radius R/ of a tool-end-side rounded portion of each nick was adjusted to
0.005 D (0.05 mm), and the curvature radius R2 of a tool-shank-side rounded portion of each nick was
adjusted to be equal to the curvature radius R1 (i.e., 0.05 mm). [0274] In Conventional Example B6,
an end mill was produced  such that each nick was formed to attain the shape described in Patent
Document 4, in which a connection portion between each nick and a corresponding peripheral cutting
edge has a curvature radius smaller than that of a concave arc portion forming the nick, and the
curvature radius is made equal between the tool end side and the tool shank side (the nick shape is
shown in FIG. 21), Specifically, the end mill was produced in the same manner as in Invention
Example 86, except that each nick was connected to a corresponding peripheral cutting edge via a
concave arc portion; the curvature radius R1 of a tool-end-side rounded portion of each nick was
adjusted to 0.02 D (0.2 mm); and the curvature radius R2 of a tool-shank-side portion of each nick
was adjusted to be equal to the curvature radius R1 of the toolend-side rounded portion. [0275]        In
Conventional Example 87, an end mill was produced so as to have the shape of a conventional nicked
carbide end mill, in which the bottom end of each nick was connected to a tool-shank-side rounded
portion via a curve portion concaved toward the nick. Specifically, the end mill was produced in the
same manner as in Invention Example B6, except that rounded portions were not provided on the tool
end side and the tool shank side of each nick. [0276]        In Table B2, "straight connection" refers to
the shape of each nick in which the bottom end of the nick is connected to the tool-shank-side
rounded portion thereof (curvature radius R2) via a straight portion; "convex curve" refers to the shape
of each nick in which the bottom end of the nick is connected to the tool-shank-side rounded portion
thereof (curvature radius R2) via a curve portion convexed toward the nick; 'straight + convex curve"
refers to the shape of each nick in which the bottom end of the nick is connected to the
tool-shank-side rounded portion thereof (curvature radius R2) via a straight portion and a curve
portion convexed toward the nick; and "concave arc " refers to the shape of each nick which is shown
in FIG. 18 (conventional example), in which the bottom end of the nick is connected to the
tool-shank-side rounded portion thereof (curvature radius R2) via a curve or arc portion concaved
toward the nick. [0277]       The thus-produced end mills (samples) were subjected to a cutting test
under the same conditions. A stainless steel 3U3304 block material was provided as a workpiece_
Cutting was carried out under the following conditions: rotational speed of the nicked carbide end mill:
4,000 rotations/min (cutting speed: 120 m/min), amount of cutting in axial direction: 10 mm, and
amount of cutting in radial direction: 4 mm. A water-soluble lubricant was employed for cutting. [0278]
In the case of a conventional nicked carbide end mill of this type, an average feed rate for securing an
average  



In the case of a T j.À]N ha¡d coat, oxidation initÍation

temperature can be controlled by varying L,he compositional

proportions of Tí and A1 . When the end miII is employed

under the conditions Ehat the tempe¡ature of a cutting edge

tip ¡eaches 800"c to 900"C or thereabouts, preferabJ-y, the

amount of Ä,1- in the hard coat is increased such that the

ratio by atom of metal]ic ÀI to metallic Ti rs about 50 to

about 70T. As used herein, "TiAIN compound" refers to a

nitride, but may be a compound contarnrng Ti and AJ- as main

compônents and containrng' a nonmetallic element other Lhan

Tj- and Af; for example, the compound may be a nitrrde (i-e..

the nonrnetallic element other than Ti and A1 rs onl-y

nitrogen), a carboni¿ride (e.9., (TiAl)CN), an oxynitride
(e, g. , (TiAl) ON) , or an oxyca.rbonit rr de (e. g. , (TiAI)coN) .

Hereinafter, these compounds may be collecE.ive1y referred to

as " n it rogen-cont aining TiAl compound- ?'

t017 9l

The end rnill realizes more stabl-e cutting and attains
prolonged service life by providing the hard coat on the

surface of a nicked perrpheral cutting edge of the end milJ.

such that the Lrard coat is a composite layer formed by

repeating coating at ]-east once r,rith substanE.ially the same

composition of the innermosL J-ayer and substantiâ1ly the

same composition of the outernost layer, or a composrte

layer including an innermos[ ì-ayer, ân outermost layer, and

one or more intermediate Iayers j.nterposed therebetween,

Hhe.rern the innermost l-ayer of the hard coaE. is formed of

96

surface roughness is about 500 mm/min. Therefore, in order to evaluate the machining performance
of the end mill of the present invention, feed rate was gradually increased from 500 mm/min (feed rate
per cutting edge: 0.03 mm/min) for investigation of feed rate limit. Thus, when a feed rate of 1,000
mm/min or higher is attained, and no problem arises in terms of occurrence of chipping or impairment
of surface roughness, the end mill is regarded as achieving high-performance machining (i.e.,
machining performance is twice or more that of a conventional end mill). [0279]       In evaluation of
each end mill, cutting was stopped when a problem (e.g., chipping) occurred or the average
roughness Ra of the machined surface of a workpiece reached 4 pm or more, and the feed rate at the
time of stopping was recorded as feed rate limit (mm/min). [0280]       In the case where a problem
(e.g., chipping) did not occur in an end mill, and the average roughness Ra of the machined surface of
a workpiece was 4 pm or less at the time when the feed rate limit was 1,000 mm/min, the end mill was
evaluated as "good" and by rating "BB." In the case where a problem (e.g., chipping) did not occur in
an end mill, and the average roughness Ha of the machined surface of a workpiece was 4 p.m or less
at the time when the feed rate limit was 1,500 mm/min, the end mill was evaluated as "good high-rate
feed" and by rating "AA." In the case where  chipping occurred in an end mill, or the average
roughness Ra of the machined surface of a workpiece exceeded 4 pm at the time when the feed rate
limit was less than 1,000 mm/min, the average machined surface roughness Ra was recorded
thereupon, and the end mill was evaluated by rating "CC." Table B2 shows the specifications of the
end mills samples tested and the results of the test. [0281] [Table 02] uogenien   1* 1 1 



seÌecting from a ní¡ride, carbonitrj-de, oxynitrrde, and

oxycarbonitrj-de containing Ti and Al- as main metallic

components, and the ôutermost layer of the hard coat

contains Si.

t018 0l

More specifically, the hard coat preferabfy has a

structu.re formed of a compound containing Ti and Si as maín

components Ín the form of a nitride, carbonitride,

oxynitrj.de, o¡ oxycarbonitride of these metâIlrc elements.

t01811

The most suÍtable Sl-contâining cômpônent for the

outermost J-ayer of the hard coat j.s a Tj.Si-nÍtride,
preferabLy a Trsi-nitrode having an Si content ôf 5 to 307

by atom (Ti content: balance). The pe¡formance of the

nicked ca.¡brde end mill of the present lnvention can be

cons ide rab.l-y rmproved by use o f a TrAlS j- nr t.ride or AICrS r

nitride having an si content of 1 to 159 by atom (Ti, Cr, or

AI content: balance) ,

t 0182l

A layered coaE formed of a TÍSi nitride. a TiAlSi

nitr ide, or an AÌCrS i nr tride exh ibr ts rnore exce lJ, ent

durabíIity. Similar to the a f o.rerRent i oned case, when such a

hard coat is l-amínated togeE.her '"'ith one or more fÍLms

s e ]ec Eed f rom among f Í].ns formed of , for example, TÍN, CrN ,

TiAl-N, and Al-CrN, the nrcked carbide end mill, of the present

j.nvention exhibits improved cutting performance.

t018 3l
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F¡om the víewpoint of improvement of durability,

preferabLy, the hard coat havíng the above-exempl-ified

cornpositron is produced through a physical vapo¡ depositj.on

technique. Both of arc drscharge ion pl-atÌng and sputtering

cen be applied as the physrcal vapor deposition technigue.

these hard coets cen âIso be appl-ied to a perÍpheral cut.ting

edge of the nicked carbide end milJ.,

[01841

In anoEher preferred embodiment of the present

j.nventíon, the hard coat is provided on the surface of a

wavy perÍpheEaJ. cutting edge or a nicked peripheral cutting

edge of the nicked carbide end mÌl-l such that the hard coat

is a composite l-ayer formed by repeating coaEing at Ieest

once with substantially the same compositÌon of the

innermost layer and BubstantÍally the same composition of

the outermost laye¡, or a composite layer including an

innermost J-ayer, an outermost layer, and one or mo.re

intermediate layers inE.erposed the¡ebet',¡een, wherein the

innermost ì-ayer of the hard film is formed of a nÍtride

contarnrng one or more metal, eLemenEs selected from among

A1 , Cr, Ti, and Si ,' the rn t ermediat e Ìayer is f o¡med o f a

cornpound contain:.ng one or more metal elements selected from

among AL, C¡, Îi, and Si, and one or more elements selected

from among N, B, c, and o.' and the outermost layer of Ehe

hard coat is formed of a compound conEaining one or more

metal elements selected from among Ti and si, and one or

more el-ements selected from arnong N, S. C, and B.

8 8 8 cause or stopping at reed rate limit Good high-rate reed Pan.'lonoG Paal o1oi-41111Pho Pohl
ole-1-11514-Froc9 paaJ ani-kiabio pogo Paal 1at-4114 Pho gaol Mat-tipiti PhoO Pool Ela-i-ii5111
gees paaJ Ep-oiq Pah9 PhoD PhoO 



t 018 sl

In such a case, preferably, the hard coat has a frlm

structure ín whrch the outerñost J-ayer formed of a nitrogen-

containing Tisi compound Ís stacked on a coat formed of any

of the aforementioned nit rogen -con t a rning TiAI compounds, or

a coat structure j,n which one or more layers formed of a

ní t rogen- contalning TiAl- compound and one or more ]ayers

fozmed of a n it rogen-cont aining TiSi compôlrnd are stacked

alternate]-y so that a layer fo¡med of a nitrogen-contaíníng

TiÀI compound is provrded drrectl-y on the base carbide of

the end mrII and a Iayer formed of a nitrogen-conta.:.ning

Tj-sr compound serves as Ebe outerrnost layer of the hard

coat .

t 0r.8 6l

The aforementioned nit¡ogen-cont ai ning TiSi compound

may be a compound containing Ti and Si as marn components;

for example, a nitrlde (e.9., TiSrN) , a carbonj.tride (e.9.,

(TiSr)CN), an oxynitride (e.9., (TrSí)ON), ôr ân

oxycarbonitride (e. g. , (TiSilCON) . HereÍnafter, these

compounds nay be collectively referred to as "nitrogen-

conEaíning TíSi compound. "

t0187l

Àn intermediate Iayer may be provided between the

aforementioned nÍ trogen-cont ain ing T].Al compound coat and

the n itrogen -cont aini ng TiSi compound film to improve

adhesion between these coats, The j-ntermediate layer is

preferably a coat formed of a compound similar to the
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n it rog'en-conta in ing TiÀI compound, or a coaC. formed of a

compound similar to the nit rogen-cont âining TiSi cornpound.

The forrner intermediate laye¡ coat rs preferably formed of a

nitrogen-containj.ng T j-AL compound containing a smal-l- amount

of B, Si, Cr, Nb, V, or Hf, and the latte.r intermediate

Iayer coat is preferably formed of a n it rogen-cont aining

TiSi compound containrng a smal-l- emount of B, 41, Cr, Nb, V,

or Hf.

t0 r88l

The hard coat empJ.oyed j-n the present rnvention has the

aforemenEioned l-ayer structure; i.e., the ha¡d coaE. is

formed of a composite Layer of an outermost layer and ân

innermost layer which ís stacked directly on the surface of

the base carbÍde of a peripheral cu[L,l.ng edge, or the hard

coat is formed of a composite Iayer including an innermost

1ayer. an outermost layer, and one ô¡ more alternately

stacked l-ayers or an j.ntermediate layer interposed betu¡een

the innermost and oute.rmost layers, Lrhereín the oute¡most

layer exhíbíts oxidaEion resistance and wear resistance

higher than those of the ínnermost layer.

t0r8 9l

Next Hil-l- be described E.he preferred hard coat suitable

fo¡ use Ín the nicked carbide end mrlÌ of the present

inventron. The prefer¡ed hard coat j-s a multi-l-ayer ha¡d

coat mainly formed of a nít rogen-conta i ning TiA] compound,

wherein the proportions of TÍ and Al- (i.e., maln metalÌic

elements of the compound) are varied in Ehat coat.
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t0190l

More specifically, the preferred hard coat is a mul-ti-

Iayer hard coat in lrhich each of the in¡ermost layer and the

oute¡most layer rs formed of the above-defined nitrogen-

contar-ning TiAl compound (vJhich is represented by the

formula Ti¡¡41¡-¡¡N), the innermost l-ayer is formed of

titanium-rich f ixÀIr-xN (i.e., 0.5 < x < 1), and the

outermost Iayer is formed of aÌumrnum-rich TÍxALl-xN (i.e-, 0

É x < 0,5) ,

[01erl

In the multi-Iayer hard coat, a composite layer

including the innermost layer and the oute.rmost Iayer (EotaI

thrckness: several nanometers to several- tens of nanometers)

may be perÍodically stacked, ô.r an inte¡mediate layer formed

ôf T 1N o.r a ni t rogen- contain j.ng TiAl compourìd ( Hhe rein a

portj-on of meta]Lic A1 or Ti rs substrtuted by Cr or Si) may

be provided betr^reen the ÍnneEmost Iayer and the outermost

layer, In any case, the ínnermost Iayer must be formed of

títenium-rich Ti*Al-r-"N, and the oute¡mosE layer must be

formed of aluminum-rich Tí"41¡-'N. In any case, the totaJ.

thickness of the ha¡d coat is preferably 2 Fn to 10 Fm.

lo't 921

Next will be described methods for coatrng the nicked

carbide end milL of the p.resenE invention Hith a hard coat,

buE the present inventíon is not Iimited to lbe belov¡-

described coating methods, No particul-ar lím¡-tation is

imposed on the coating method employed, so long' as the
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aforementioned hard coat can be p¡oduced. However, there

must be taken rnto consideratíon adhesion of the hard coat

to tbe nicked carbide end mill-, and securement of matching

between layers (including the innermost layer and the

outermost J-ayer) in the hard coat.

t0 r 93l

In consrderaLion of tbe faEigue strength of a tool,

there is preferabLy enpl-oyed a physical- vapor deposition

technique (e.9., arc discharge ion plating or sputterJ.ng)

r¿hich realizes coating at a rel-ative.l-y Iôw temperature and

attains residua.l compressive stress in the coat, In such a

case, bj.as voltage is applred to the nicked carbide end

mill.

t 0r-94I

Specífica}Iy, arc discharge ion plating is ca¡rÍed out

as follovJs. YJhen the innermost layer is formed of a coat of

a nitrogen -conta ining TiAl conpound (e.9., (TiAl-)N,

(TiAI)CN, or (TiAl-Cr)N) and the outermost layer is formed of

a coat of a ni trogen- con taining TiSi compound (e.g.,

(TiSi)N¡ (TiSÍ)CN, or (TiSiCrlN). a¡c discharge ion pJ-ating

Ís carried out under, for exampJ-e, the following conditions:

the temperature of the nj-cked carbide end mil-I which is to

be coated J.s adjusted to about AOO"C; the pressure of

reactive gas is regulated to 3.0 Pai and a reÌatively low

bias voÌtage (-10 V to -100 V) is applied. This coating

nethod attaj-ns good adhesion between the hard coat and the

end rníJ-l, as well as lattice matching of c.rystal between

ro2
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layers (includinq' the ínnermost layer and the outelmost

J-a yer ) at therr interfaces,

t0r95l

hlhen the Ínnermost layer of the hard coat has a

composÌtron different from that of the outermost layer of

the coat, each of the vapor deposítion targets having

diffe¡ent compositions are employed, fn the case of

for¡nation of an intermediate layer, the coatlng is

preferab]-y carried out by simul-taneously using the targets

having different composi[rons. Thus, the rncermedrate layer

ôf the hard coat can be provided so as to have an

rntermediate composítion between the compositions of the

innermost layer and the outermost layer, and the amounE of a

specJ.fic componenE. of the intermediate layer is readíly

increased o¡ decreased in a gradual manne.r,

t01961

The carbide end rnill of Ehe present inventj.on is

intended to be used for h ígh-pe rformance and high-speed

rough machining or semi-finishing machÍning. The.refore, the

hard coaE exhibiting good adhesion ís essential for

preventíng srrdden accrdents (e.9., coat peelrng) , In order

to achj-eve such a purpose, the aforementioned control- method

of inEermedíate cornposítion is effective fôr attaining

sufficient lattÍce matching betv¡een intermediate Iayers.

[01e7]

In the most p¡eferred embodÍment of the present

inventíon, there Ìs employed the end mill of the present
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invent j.on in which the shape of its peripheral cuEting edges

is optimized; r.e., the phase deviation amolnts of wavy

perrpheral cutting edges or nicked peripheraJ- cuttrng edges

are noE unj-form- Particul-arl-y when chrp removal is likely

to cause problems, the aforementioned gash-shape carbÌde end

miII is prefe¡ably enployed. In most cuttrng condiE.ions,

applicatron of the aforementioned hard coat Ís p.¡eferred.

I Examp Ie s ]

t0198l

The present rnventron will- next be described rn more

detail by way of exarnples, which shoufd noE be const¡ued as

limiting the invention thereto.

t0r99l

Exampl- es are c.l-a s s rf ied into f ive groups accord ing to

their purposesi specifÍcaIly, the following Example A,

Example B, Exahple C, Example D, and Example E:

Example A: Examples in whÍch the optinal- shape ôf peripheral

cutting edges ôf the end rníIÌ of the present invention is

confirmed (Examples Ä1 to A6) ;

ExampÌe B: Exarnples in which the shape of nicks rs optrmized

in the end mill- of the present invention (Examples Bl, and

B2l ¡

Example C1 ExamÞles in whích the optimal shape of gashes for

the present invention is confirmed (Examples C1 to C4),'

ExampÌe D: Exarnples in which the opt j.maL s ur f ace trea ¿ment

for the p.resent Ínvention is confirmed (Examples Dl to D6),'

and

r04
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Example El Example j-n Hhich the cutting method of the

present inventron is confirmed (Exarnple El) .

t0200l

In the Example s shown be.L or.¡ in tables and descrip I lons ,

Examples of each group are cl-assified into Invention

Exampl-es, Conventional Examples, and Comparative Examples.

Samples ín Invention Examp]-es, Conventronal Exanples, or

compa.rative Examples of each of the four groups are

represented by seriaJ- numbers. Specì-ficaIly, samples of

each Example group shown in tabl-es are represented by, for

exampIe, "Invention Exempl-e 41" or "Comparative ExamPle AI ."

lo2orl
(Example A1)

In ExampL e A1 , part i cul a rI y, the op t ima l- ¿rmount of

deviation of wavy peripheral- cutting edges from the

respectlve reference phases was determíned. In Inventlon

Example Ã,I, an end mill- having the following wavy peripheral

cutting edges was produced. Specrfical-l-y, â first wavy

perj.phera1 cutEing edge tras consldered a reference

peripheral cutting edge, and tlre remainíng (second to

fourth) peripheral cutting edges were deviated from the

respectlve reference phases of the reference perlpheral-

edge, wherein the distance of the reference phase were

obtained by equally quartering the rùaveform pitch of the

reference pe.¡rpheraJ. cutEing edge. In a second wavy

peripheral cutting edge, the phase deviatj.on amount was

adjusted to 1t of the waveform pitch (i.e.' 0.01 mm) , In a
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third wavy peripheral cutEing edge, the phase deviation

amount was adjusted to 0? of the waveform prtch (i.e., 0

mm). In a fourth wavy peripheral cuttÍng edge, the phase

deviation amount was adlusted to 1å of the waveform pitch

(i-e. , 0.01 mm) .

102421

In lnventÍon Example A2, a end mrll- having the

followíng wavy peripheral cutting edges was produced,

Specifically, a first wavy perrpheral cutting edge was

considered a reference peripheral cutting edge, and the

rernaining (second to fourth) peripheral cutting edges were

deviated from the above-obtained respectrve reference

phases. In a second wavy perÍpheral cuttinqr edge, the phase

devj.ation amount was adjusted to 2t of the waveforn pitch

(i.e., 0.02 rnm) . fn a third wavy peripheral cutting edge,

the phase deviation amount was adjusted to 0t of the

r¿aveform pltch (r.e., 0 mrn) . In a fourth wavy peripheral

cutting edge, the phase devration amount was edjusted tô 2t

of the waveform pitch (i, e, , 0. 02 mm) .

t0203l

In Invention Example 43. an end miII havrng the

foJ-Iowíng wavy peripheral cutting edges was produced.

Specifrca]-ly, a first wavy peripheral cuttÌng edge was

considere.d a reference peripheral cuEting edge, and the

remaining (second to fourth) peripheral cuttrng edgies were

deviated from the above-obtained respective reference

phases. fn a second wavy peripheral cutE.ing edge, the phase
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devíation amount was adjusted Eo 2E of the waveform pitch

(r,e,, 0.02 run) . In a third wavy perj-pheral cutting edge,

the phase deviatj.on amount was ad¡usted to 3t of the

waveform pitch (i-e-, O.03 mm) , In a fourth wavy perÍpheral

cutting edge, the phase devr-ation amount was adjusted to 2*

of the waveform pitch (i . e, , 0 , 02 mn) .

lo2o4l

In Invention ExampJ.e 44, an end mil-I having the

following wavy peripheral- cutting edges was produced.

Specifically, a frrst wavy perrpheral- cutting edge was

considered a reference peripheral cuttrng edge, and the

remainrng (second to fouxth) perrpheral cutting edges were

deviated from the above-obtained respective reference

phases. In a second wavy peripheral cutting edge, the phase

deviation amount was adj usted to 5t of the waveform pitch

(i.e., 0.05 nn) . In a third wavy perrpheraJ- cutLing edge,

the phase deviation âmôunt Has adjusted to 3å of the

waveform pitch (i.e., 0,03 mm) , In a fourth wavy perÍpheral

cutting edge, the phase deviatton amount was adjusted to 4B

of the ',¡aveform pitch (i, e., 0.04 rnm).

t020sl

In Invention Example 45, an end miII having the

following wavy periphe¡al cutting edges was produced'

Specifically, a first wavy peripheral cuEEing edge tras

considered a reference peripheral- cutting edge, and the

rernainrng (second tô fôurth) peripheral cutting edges were

deviated from the above-obtarned respective reference
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phases. In a second wavy periphe¡aL cutting edge, the phase

deviation amount was adjusted to 2t of the waveform pitch
(i.e., 0.02 mrn) . In a third r,ravy peripheral cutting edge,

the phase devíation amount was adjusted to 09 of the

hraveform pitch (r.e., 0 mm). In a fourtlr wavy peripheral

cutting edge, the phase deviation amount was adjusted to 09

of the !ùaveform pitch (i.e., 0 mm) .

lo2o6l

In Comparative Example 41, an end mill- having the

foJ-J-owing wavy peripheral cutting edges was produced.

SpecJ.fically, a frrst wavy peripheral cutting edge was

considered a reference perj.pheral cuttrng edge, and the

.remaining (second to fourth) peripheral cutting edges were

deviated from the above-obtained respectrve reference

phases. In a second wavy periphera]. cuEting edge. the phase

deviation amount was adjusted to 69 of the Haveform pitch
(i.e., 0.06 mm). In a third wavy pexipheral cutting edge,

the phase deviation amount was adjusted tô 0S of the

r,¡aveform pitch (i.e., 0 mm), In a fourth wavy periphetal

cutting edge, the phase deviation amount was adjusted to 6å

of the waveform pitch (j-,e,. 0,06 mm) .

lo2o7l

In Conventional Example 41, there was produced an end

miJ-J- having wavy peripheral cutEing edges of constant phase

deviation amount, wherein, in each wavy peripheral cutting

edge, the amount of deviation from the respective reference

phase (i-e-, l/4 of the waveform pitch of the .reference
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peripheral- cuttÍng edge) was adjusted Eo 0f, that means no

deviation from the respective reference phase-

In Conventional ExamPle 42, there was produced an end

mi J-I h aving r,r avy periphera I cutt ing edge s of con st ant Phase

deviatron amount vJrth dífferent seParatron angles (i-e',

95', 850, 95', and 85o) , wherein. in each wavy perípheral

cutting edge, the amount of deviatiôn from the phase (r'e''

I/4 of the waveform pitch of the reference peripheral-

cutting edge) ças adjusted to 0å-

t 0208l

In conventional Example 43, there !Ùas Produced an end

rniIl in çhich the amount of deviation frorn the reference

phâse in each wavy peripherat cuEtíng edge was determined as

in the case of the end miI] as described in PatenE Document

1.. Specifical-ty, a fj.rst wavy peripheral cutting edge r'¡as

consÍdered a reference perrpheraJ- cuttj.ng edge, and the

rernaining (second to fourth) peripheral cutting edges were

devÍated from the above-obtained respective phases ' In a

second wavy perÍpheral cutting edge, the phase deviation

amount was adjusted to 5t of the waveform pitch (Í'e'' 0'05

mm). In a third wavy peripheraf cutting edge, the phase

deviation amount was adlusted to 0t of Ehe waveform pitch

(i,e,, 0 mm). In a fourth wavy peripheral cuttrng edge' the

phase deviation amount was adjusted to 2ã of the waveform

pitch (i. e. , 0 ' 02 mm) .

In ea ch of the end mi 1l- s of Inven t ion Examp ì-e s A1' to

45, Comparative Example À1, and Conventlonal ExampJ-es A1 and
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A3, wavy peripheraJ- cutting edges were formed so as E.o have

the same separation angle.

t 020 91

Each of the thûs-produced nine end mÍlls of Example A1

was subjected to a cutting test employtng a workpiece (hot-

rolled die steeÌ SKD61 having a hardness of HRC 40). For

service l-ife evaluation, cutting was carried out under the

folJ-otrinqr conditionsr rotational- speed: 6,O0O rotations,/min
(cutting speed: 150 m/min) , feed rate: l-,600 mm/min (0.06 mm

of feed per cutting edge), amount of cutEing in axial
direction i 4 Ìun, and amount of cutting in radial drrection:
4 mm. Eor evaluation of each end mill, peripheral cutting
edges thereof r,rere observed every 5 m cuttrng, When neither
frecture nor chipping occur.red in an end mil-l- until 50 m

cutting, the end mil-l- was evaluated as '.good," and the wear

wídth of the end miII was measured, when fracture or
chipping was observed in perj-pheral- cutEing edges of an end

rnilL before 50 rn cutting, cutting was stopped upon

observatíon of fracture or chipping, and the cutting l-engLh

r,¡as recorded. The results are shown in TabJ.e A1 .
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Sample No,
Separation of
cutting edges

InvenUon
E><ample A

1
Equal

ç¡nal?tlôn

2

Second wavy
peripheral

cutüno edoe

Equal
s€Darãtlon

Phase dE/latlon amount (mm)

3
tsquar

Comparative
aample A

I Equal

0.01

Third wavy
perlpheral

cuttlno edoe

5
Equal

cpnarzti¡n

0,02

Conventional
Example A

I

0.02

Equal

se pa ration

0

Fourth waw
perlpheral

cuttìno edoe

0,05

L
Equal

U

0,02

2

0.03

Unequal
qenanfinn

Phase
devlðtion

amount (%)

3

0,01

0.05

0,03

Equal
çcneratinn

0.02

0

0.02

U

Cutüng
lengllr

Lolo

0,01

0

u

2olo

0.06

Wear wldth

0

50m

0

31o

0.06

50m

0

50h

0,09 mm

Evaluat¡on

50m

0

2o/o

0.07 mm

0

olr
ct
ô
tsO

N
P

50m

0,08 mm

60/o

0

Good

50m

0,12 mm

0.02

cood

0%

30m

0-07 mm

Good

0o/¡

cood

20m

60k

cood

40m

30m

Chìppin9

Fractu re

Chipplng

Chipplng
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t02111

As a resul-t, rn the cases of Inventiôn Exampl-es Al' Eo

Ä'5, stable cuttíng was performed with reduced châtterrng

vibration, and wea.r wÍdth felf wíthin a normal rang'e even

after 50 m cutting. Particularly, in the cases of InvenEion

Exempl-es A1 to A3 and 45, t¡ear Hidth r^ras as small as 0.10 ñÍl

o.r J.ess after 50 m cutting, In the câses of Comparative

Example Al. and conventÌônal- Example À3, the amount of

deviation from the reference phase wâs large, and thus a

targe cutting Ioad Has applied to a wavy perípheral cutting

edge with large phase deviation amount, resulting in

occu¡rence of chipping upon 30 m cutE j.ng. In the case of

Conventional Example À1, waveform pÍtches we¡e provided at

equal rntervals, and thus chattering vibration was

increased, and fracture occurred upon 20 m cutting, leading

to the end of tlre service life. In the case of conventional-

ExampÌe A2 (i-e,, un egua 1I y-separated product)' chippíng

occur.red upon 40 m cutting rn a wavy perrpheraJ- cutting edge

witb a g roove of sma J. L sepa rat íon angJ-e .

lo2't 2l

(Exampl-e A2)

In Example 42, end mil-Is having nícked peripheral

cutt ing edges were te st ed j.n a manne r s iml]-ar to that

descr ibed j-n Examp le A1 . I n each end mi 1l , E.he amoun t of

deviatíon from the reference phase in a nicked peripheral

cutting edg'e was adjusted in a manner similar to the cases

of the samples of Example A1 for comparison of cutting

I ll

aroiredurc: To  0 - .1 = - y a  [0282]       As a result, in the cases of Invention Examples B6 to 623,
neither chipping nor fracture occurred, and the average surface roughness Ra was 4 gm or less at the
time when the feed rate limit was 1,000 mm/min; i.e.., high-feed-rate machining was achieved.
Particularly, in the cases of Invention Examples B6 to B14 and B23, no problem (e.g., chipping)
occurred, and the average machined surface roughness Pa was 2.0 pm or less at the time when the
feed rate limit was 1,500 mm/min; i.e., high performance at high feed rate was achieved, and surface
machining with high accuracy was secured. Furthermore, in the case of Invention Example B23, in
which each gash was composed of a plurality of surfaces, the best result was obtained (i.e., feed rate
limit of 2,200 mm/min[0283]       The data of Invention Examples B6 to 68 and B21 indicate that feed
rate limit is considerably varied with the shape of a portion connecting the bottom end of each nick
and a tool-shank-side rounded portion (curvature radius R2) of the nick, and the best result is
obtained by connecting the bottom end of each nick to a tool-shank-side rounded portion (curvature
radius R2) of the nick via a straight portion. [0284]        In the case of Comparative Example B2,
chipping occurred at the time when the feed rate was 800 mm/min.  



performance between the n:-cked peripheraÌ cutting edge and a

wavy perì-pheral cutting edge.

In Inventj-on Example 46, an end mill- having the

foJ-lowing nícked peripheral cutting edges was produced-

Specifically, a first nicked peripheral cutting edge was

consj.dered a reference peripheral cutting edge, and the

remaining (second to fourth) peripheral cutting edges were

deviated from the respectrve reference phases of the

reference peripheraJ- cuttÍng edge, wherein the drstance of

the refe¡ence phase ís an amount correspondrng to a value

obteined by equally quartering the nick pj-tch of the

reference peripheral cutting edge, In a second nicked

peripheral cuttrng edge, Ehe phase deviat j.on amount from the

reference phase was adjusted to 1t of the nick pitch (i.e.,

O.O1 mm) . In a third nicked peripheral cutting edge, the

phase deviation amount from the ¡eference phase was adjusted

to 09 of the nick pitch (i,e., 0 mm) . In a fourth nrcked

peripheral cuttrng edge, the phase deviatrôn amount from the

reference phase r.tas adlusted to 1t of the n j.ck pitch (r,e',

0.01 rnm) .

t 0213l

In Invention ExamPIe A?, an end mill- having the

following nicked peripheral cutting edges was produced-

Specifically, a first nj.cked peripheral cuttrng edge was

considered a reference per:-pheral cutting edge, and the

remaining (second to fourth) peripheral cutEing edges were

deviated from the above-obtained respective reference

1r3

This indicates that strength becomes insufficient when the curvature radius R1 of a tool-end-side
rounded portion of each nick is equal to the curvature radius 0 of a toolshank-side rounded portion of
the nick, and the curvature radius R2 is as small as 0.2 mm. In the case of Comparative Example B3,
line-shaped marks were formed on the machined surface of a workpiece after cutting at a feed rate of
500 mm/min, and the average surface roughness Ra exceeded 4 pm (i.e., 4.58 gm). This indicates
that when the curvature radius of a tool-end-side rounded portion of each nick is greater than that of a
tool-shank-side rounded portion of the nick, a force of pressing the machining surface to the
tool-shank-side rounded portion becomes large, and thus line-shaped marks are formed on the
machined surface, resulting in large average surface roughness Re. [0285]        In the case of
Conventional Example B4, chipping occurred upon machining at a feed rate of 500 mm/min, and the
average surface roughness Ra became 4.54 pm. In the case of Conventional Example 87, chipping
occurred at a feed rate of 400 mm/min, and the average surface roughness Ra became 4.54 gm. This
indicates when rounded portions are not provided on the tool end side and the tool shank side of each
nick, strength is reduced, and chipping occurs upon high-feed-rate machining. [0286] In the case of
Conventional Example 95, in which each  nick was formed to have the same shape as in
Conventional Example B4, and rounded portions were provided on the tool end side and tool shank
side of each nick, chipping occurred upon machining at a feed rate of 700 mm/min. In the case of
Conventional Example B6, chipping occurred on the tool shank side of nicks upon machining at a feed
rate of 800 mm/min. This indicates that when the curvature radius R1 of a toolend-side rounded
portion of each nick is equal to the curvature radius R2 of a tool-shank-side rounded portion of the
nick, strength is not enough, and when a portion connecting each nick and a corresponding peripheral
cutting edge has a concave shape, strength of the peripferal cutting edge is further reduced, and
chipping occurs. [0287]       As is clear from the data of Example B1 and Example B2, chattering
vibration is reduced and chipping resistance is improved by a synergistic effect of optimal phase
deviation amount and nick shape, and thus high-performance machining is reliably performed through
high-speed cutting. It was also found that cutting at a speed considerably higher than a conventional
cutting speed requires provision of rounded portions on the tool end side and the tool shank side of
each nick, as well as optimization of the shape of each nick. [0288] (Example Cl) In Example Cl, the
shape of gashes suitable for the   carbide end mill of the present invention (i.e., the end mill having
second and third gash surfaces) was determined. The end mill of the present invention was compared
with a conventional carbide end mill having no third gash surface, a carbide end mill described in
Patent Document 5 in which gash notch angle is specified, or a carbide end mill described in Patent
Document 6 in which the angle of a gash provided on the peripheral side of the end mil/ is rendered
larger than the angle of a gash provided on the side toward the rotational center of the end mill. [0289]



phases. In a second nicked peripheral cutting edge, the

phase deviation anount was adjusted to 2t of the nick pitch
(i.e., 0.O2 nun) . In a thi¡d nicked peripheral cuttÍng edge,

the phase deviation amount Has adjusEed to OB of the nick
pitch (i.e., 0 run) . In a fourth nicked peripheral cutting
edge, the phase devíaEion amount was adjusted Eo 2t of the
nick picch (i. e- , 0. 02 run) .

lo2L4)

In InvenEiôn ExampJ-e A8, an end mil-l- having the

followíng nicked peripherat clrttrng. edges was produced.

Specifically, a first nicked peripherel cutting edge was

considered a reference peripheral cutting edge, and the

remaining (second to fôurth) peripheral cuttlng edges were

devíated from the above-obtained respective reference
phases. In a second nicked peripheral cutting edge, the

phase devÍation amount was adjusted to 2t of the nick pitch
(i.e., 0.02 mIn) . In a tbird nicked peripheral cuttrng edge,

the phase deviation amount was adjusted to 3? of the nick
prLch (i.e,, 0.03 mm), In a fourth nicked peripheral

cutting edge, the phase deviation amount was adjusted to 2g

of the nick pitch (i,e., 0.02 mm),

t 021s l

In Invention Example .ê'9, an end Inill having the

foJ-lowing nicked peripheral cutting edges Has produced.

Specificalì-y, a first nicked peripheral cuttrng edge was

consídered a reference peripheral cuttÍng edge, and the

remaining (second to fourEh) perrpheral cut¿inqr edges we¡e

tl,4

In Invention Examples Cl to C12, Conventional Examples Cl to C3, and Comparative Examples Cl to
C6, end mills, each having four wavy peripheral cutting edges, were produced from a carbide base
having a Co content of 8 wt.% and a mean WC grain size of 0.8 gm (tool diameter: 8 mm, cutting
edge length: 16 mm, total length: 70 mm, shank diameter: 8 mm, waveform pitch: 1 ram, helix angle:
45). Each of the end mills (samples) was coated with a hard coat formed of an Si-containing (TiAl)N
compound. 10290]       In Example Cl, each end mill was produced so as to have the following wavy
peripheral cutting edges. Specifically, a first wavy peripheral cutting edge was considered a reference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated
from the respective reference phases of the reference peripheral  cutting edge, wherein the distance
of the reference phase is a value obtained by equally quartering the waveform pitch of the reference
peripheral cutting edge. In a second wavy peripheral cutting edge, the phase deviation amount was
adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). In a fourth wavy
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e.,
0.02 mm). [0291]        In Invention Examples Cl to C5 and Comparative Examples Cl and 02, a
second gash angle was adjusted to 50, and the length of a connection portion 58 between a second
gash surface and a third gash surface was adjusted to 9% of the tool diameter (i.e., 0.72 mm) as
measured from the tool rotation axis. In Invention Examples Cl to CS, first gash angles were adjusted
to 15, 20, 25, 300, and 35, respectively, and, in Comparative Examples Cl and 02, first gash angles
were adjusted to 10 and 40, respectively. [0292]       In Invention Examples C6 to 09 and Comparative
Examples 03 and C4, a first gash angle was adjusted to 25, and the length of a connection portion 58
between a second gash surface and a third gash surface was adjusted to 9% of the tool diameter (i.e.,
0.72 mm) as measured from the tool rotation axis. In Invention Examples 06 to 09, second gash
angles were adjusted to 40, 45, 55, and 60, respectively, and, in Comparative Examples C3 and C4,
second gash angles were adjusted to 351 and 65, respectively. [0293]        In Invention Examples C/0
to C12 and Comparative Examples C5 and C6, a first gash angle was adjusted to 25, and a second
gash angle was adjusted to 50. In Invention  Examples C10 to C12, the length of a connection portion
58 between a second gash surface and a third gash surface was respectively adjusted to 5%, 10%,
and 15% of the tool diameter as measured from the tool rotation axis, and in Comparative Examples
C5 and C6, the length of a connection portion 58 between a second gash surface and a third gash
surface was respectively adjusted to 0% and 3% of the tool diameter as measured from the tool
rotation axis. 



deviated from the above-obtaÍned respective ¡eference

phases, In a second nícked peripheral cutting edge, the

phase deviation amount was adjusted to 5* of the nì-ck pitch

(i.e,. 0,05 mm). In â th¡-rd nicked peripheral cutting edge,

the phase deviatron amount was adjusted to 3t of the níck

pitch (r.e., 0.03 mm) . In a fourth nicked peripheral

cutting edge, the phase deviatíon amount was adjusted to 4S

of the níck pitch (¡-.e., 0.04 mrn).

lo276l

In Invention ExampLe 41,0, an end mill having the

following nicked peripheral cuttíng edges was produced.

Specifically, a first nicked pe.r j.pheral cutting edge was

considered a refe¡ence peripheraJ- cutting edge, and the

remaJ,ning (second to fourth) peripheral cutting edges were

deviated f.rom the above-obtained respective reference

phases, In a second nicked peripheral cutting edge, the

phase devration amount was adjusted to 2å of Ehe nick pitch

(r.e,, 0.02 mrn) . In a third nicked peripheral- cutting edge.

the phase deviatj-on amount was adj usted to 0t of the nick

pitch (i,e., 0 mm) . In a fourth nicked peripheral cutEing

edge, the phase deviation amount was adjusted to 0t of the

nick pj.Ecb (i.e., 0 mm).

t0217l

In Compa¡ative Exarnple A2, an end miII having the

following nicked peripheral cutting edges was produced'

SpecificaJ-J-y, a first nicked peripheral cutting edge wes

considered a reference peripheral cutting edge, and the

115

[0294]        In Conventional Example Cl, an end mill having a first gash angle of 25 and having no third
gash surface was produced. In Conventional Example C2, an end mill was produced so as to have
the same specification as described in Patent Document 6, in which the length of a connection portion
58 between a second gash surface and a third gash surface was adjusted to 20% of the tool diameter
(i.e., 1.6 mm) as measured from the tool rotation axis, a first gash angle was adjusted to 25, and a
second gash angle was adjusted to 50. In Conventional Example C31 an end mill was produced so as
to have the same specification as shown  in FIG. 1 of Patent Document 5, in which the length of a
connection portion 58 between a second gash surface and a third gash surface was adjusted to
23.5% of the tool diameter (i,e., 1.76 mm) as measured from the tool rotation axis, a first gash angle
was adjusted to 250, and a second gash angle was adjusted to 500. [0295]        In Example Cl, each
of the above-produced 21 end mills was employed for machining of pre-hardened steel having a
hardness of HRC 40 (i.e., workpiece) so as to form a concave portion (50 mm in width, 50 mm in
length, 24 mm in depth). For comparison of the end mills, each end mill was tested through machining
of the workplace by a cutting process including a step of oblique cutting until a depth of 8 mm, and a
subsequent step of lateral-feed machining until a width of 50 mm and a length of 50 mm, which
process was performed thrice until a depth of 24 mm. [0296]        In the case of conventional end
mills, a cutting speed of 100 m/min is enough for high-speed cutting of a workpiece having a hardness
of HRC 40. In contrast, in Example Cl, cutting was carried out under the following conditions:
rotational speed: 6,000 rotations/min (cutting speed: 150 m/min), feed rate: 1,920 mm/min (0.08 mm
of feed per cutting edge), amount of cutting in axial direction: 8 mm, amount of cutting in radial
direction: 2 mm, feed rate upon oblique cutting: 1,200 mm/min, and tilt angle: 10.  [0297]       When
one concave portion having the aforementioned dimensions was formed by means of an end mill, the
end mill was evaluated as "good." When fracture was observed in an end mill after machining, or
breakage was observed in an end mill during machining, these observations were recorded. The
results are shown in Table Cl.  Sample No. First gash angle (e) Second gash angle 



remaining (second to fourth) pe¡ipheral- cutting edges were

deviated from the above-obtaÍned respective reference

phâses. In a second nicked peripheral cutting edge, the

phase deviat j-on amount sras adjusted to 6E of the nick pitch
(i.e., 0.05 mm). In a third nicked peripheral cutting edge,

the phase devÍation amôunt e¡as adjusted tô 0f of Ehe nick

Pitch (i.e., 0 mm). In a fourth nrcked peripheral- cutting
edq'e, the phase deviation amount was adjusted Eo 6ä of the

nick piEch (r.e., 0.06 nm) ,

[0218]

In Conventional Exanple 44, an end rnill havrng nicked

peripheral cutting edges of constant phase deviation amount

was produced/ v¡here j-n, in each nícked peripheral- cuttíng
edge, the amount of deviation from Lhe reference phase

(í.e-, l/4 of the nick pitch of the reference peripheral

cutting edge) was adjusted to 09.

In ConventÍonal- Example 45, there was produced an end

mill having n¡-cked peripheral- cutting edges of constant

phase deviatj-on amount with different sepâratíon angles

(r.e,, 95", 85o, 95', and 85') , wherern, ín each nicked
peripheral cutting edge, the amount of devíation from the

.reference phase (i. e., 7/4 of the nj-ck pitch of the

refe.rence peripheral cuttÍng edge) was adjusted to 0+.

t02 r 9l

In Convent j.onal Exampl-e 46, there was produced an end

miII in which the amount of devration from the reference

phese in each nicked peripheral cutting edge was determined

116

(.) Length of connection portion (mm) Percentage (%) Wear width (mm) Evaluation Invention Example
C 1 15 50 032 9 



as in the case of the end mÍ]] as described ín Patent

Document l. SpecífrcaJ-J-y, a first nicked peripheral cuttíng

edge was considered a reference peripheral cuttÍng edge, and

the remarnrng (second to fourth) peripheraJ. cutting edges

we.re deviated from the above-obtarned respective .reference

phases. fn a second nick peripheral cuE.ting edge, the phase

deviation amount was adjusted to 69 of the nick prtch (i.e.,

0.06 mm) . In a third nj-cked perípheral- cutting edge, the

phase deviaEion arnount was adjusted to 0t of the nrck pitch

(i.e., 0 nun) . In a fourth nicked peripheraJ- cutting edge,

the phase devi at i on amoun t was ad j us ted t o 2'S' of the n j. ck

pitch (i. e. , 0.02 mm) .

lo22o)

In each of the end rnrlls of Invention Exampl-es A6 to

410, ComparaE.ive Example A2, and Conventional ExamPles A4

and Ä'6, n¡-cked peripheral cuttj.ng edges were forrned so as to

have the same separation angle.

Eâch of the thus-produced end mills was subjected to a

cutting test empJ.oying a workpiece (for hot working die

steel SKD61 having a hardness of HRC 40) an the seme nÉlnner

as in ExampLe A1 , Cutting conditions and evaÌuation method

we¡e the same as those employed in Example AI . The resul-ts

are shown in Table 42.
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0.05 Good  2 20 50 0.72 9 0.04 Good  3 25 50 0.72 9 



Sample No,
Separatìon of
cutting edges

Invention
Erample A

a

o

Equal
<enâratlnn

7

Second n¡cked
pedpheral

cutting edge

Equal

seDaraöon

Phase dev¡aUon amount (mm)

8
Equal

çÊôårãllôn

Companti\€
Erample A

9
Equal

0.01

Third nicked
p€riphe ra I

c¡Jtting edge

t0
Equal

cenerafinn

0.02

Conventional
Example A

2

0.02

€qual
separation

Fourth nicked
peripheral

cutting edge

0

0.05

4

0

Equal
çÞDårãlion

0,02

5

U

Phase

deviation
amount (o/o)

.03

Unequal
çenãraliôn

0,01

6

0,06

0.03

Equal
seôeretiôn

0.02

0

0.02

0

Cutting
lengtfi

Lolo

0.04

0

0

26/o

0.06

Wear width

0

50m

3o/o

0

50m

0,06

5%

0

0.10 mm

Evaluation

50m

20h

0

0.08 mm

=otro
(D

NÔ
l\)
t\)
,T

0

50m

0,09 mm

6o/o

Good

0

50m

0,12 mm

0.02

Good

0o/o

0,08 mm

25ñ

Good

0%

Good

15m

60k

Good

35m

Chipping

25m

Fracture

chlpplng

Chipping

0.03 Good  4 30 50 0.72 9 0.04 Good  5 35 50 0.72 9 



ío22?_l

As a result, in the cases of InvenEÍon ExamPles A6 to

410, stable cutting was performed with reduced chatterrng

vibration, and t¡ear width fel-l- withrn a normal range even

after 50 m cutting. Particularly, in the cases of Inventlon

Examp].es A6 Eo AB and A10, similar to the case of Example

41, wee.r width was as smal] as 0.10 mm or less after 50 m

cutting, However, comparison between the resul-ts of ExampLe

A1 and Example A2-in wh i ch t he te st was pe r f ormed r.rnder

t he sâme condit ions-ind i,ca ted t ha t the wea r !ù idth o f

nicked peripheral cutting edge ís sl-ightly larger than that

of wavy peripheral cutting edge,' Í,e,' Y¡avy peripheral

cutting edge is superÍor to nicked peripheral cuEting edge

in terms of cutting of â Horkpiece such as for hot working

die steel-.

lo223l

In the cases of Comparative Exampl-e A2 and Conventional

Exampl-e 46, the amount of deviation from the reference phase

was large, ând thus a large cutEing Iôad was applied to a

n¡-cked peripheral cutting edge with large phase deviation

amount, resulting in occurrence of chipping upon 25 m

cutting. In the case of Cônvent:.onal ExamPle 44, nick

pitches were províded ât equal lntervals, and thus

chatte¡ing vibration r.ras increased, and f¡acEure occurred

upon 15 m cutting, J-eading to the end of the service J-ife.

In the case of Conventional ExarnpJ-e A5 (i'e', unegually-

separated angles) r srmiJ-ar to the case of Examp]e 41.

11.9

0.05 Good  6 25 40 0.77 g 0.06 Good  7 25 45 012 9 



chipping occu¡red upon 35 m cutErng in a nicked peripheral-

cutting edq'e with a groove of small separatÍon angle.

lo224l

(Exampl-e A3 )

In Example Ä'3, the end mill of the present inventron

was emp.loyed for high-speed cutting, and the service Life of
the end miJ.I v¡as compared with that of the end niII tested

rn Exampl-e A1 .

In Example 43, an end mil-l- of Inventj.on Example All was

produced in the same manne¡ as in Invention Example A2

(Example A1),' an end miII of Invention Example 412 was

produced in the same manner as in Invention Example A3

(Example A1).' and an end míII of Invention Examp.l-e 413 was

produced in the same manner as in fnvention Example A4

(Example A1) .

lo225l

Each of the end milLs was subjected to a cutting test
employing a r+orkpÍece (die steel SKD6l. for hot working

having a hardness of HRC 40). Eor testing, cutting was

carried out under the following conditions: rotational
speed: 9, 000 ro E.a t ions,/rnin (cutting speed: 226 m/minl (i.e.,

1..5 trmes that in Example À1.), feed rate -- 2,160 mm/min (0.06

mm of feed per cutting edge), amount of cutting 1n axiel-

drrection: 4 mm, and amount of cutting in radial direction:
4 mm, For evaluation of the end miÌl-, 50 m cuttrng was

performed in a manner srmila.r Lo that in Example 41. The

resul-ts are shown in Table 43,

0.05 Goad  8 25 55 0.72 9 0.04 Good  9 25 60 0.72 9 



Sampte No,

Invention
&amfle A

Separatîon of
cutting edges

11
Equal

cênârâl¡^n

L2

Second wavy
peripheral

cutting edge

Equal
çerr¡r¡iinn

Phase deviation amount (mm)

13
Equal

qêñârâtiôn

0,02

Third wavy
peripheral

cutting edge

o.o2

0.0s

Fourü wavy
peripheral

cutting edqe

0

0,03

0.03

Phase
deviation

amount (Vo)

0,02

0,02

0,04

Cutting
length

2o/o

3Vo

Wear width

50m

SVo

.J
oll

¡t
I¡)O

N
N
.q

50m

0.1 mm

50m

0.1 mm

0.14 mm

0.06 Good  10 25 50 0.4 5 0.08 Good  11 25 50 0.8 10 



lo221 l

As a result, in the cases of Invention Examples All tô

A1-3, stable cutting was performed, and wear width fell
vJith j.n a normal- renq'e even after 50 m cuttingt i.e., the

same cuttíng length as in the case of Example A1 Has

achieved even through high-speed cutting. Particularly, in
the cases of Invention Examples All and 412, whe¡ein the

amount of deviation from the reference phase of Ehe cutting
edge feII within a preferred range, wear width was 0.1mm,

which is smaller than that in Invention Examp.le 413.

IO228l

(Example A4)

In Example 44. comparÍson of grinding time upon

production was carried out. In the case of production of ân

unequa IIy- s eparated prôduct, grindJ.ng of edge grooves

.requires a ì-ong grinding time for adjustment of separation

angJ.e, fn addition, since a large number of portions must

be ground for attarning uniform land width, a longr grinding

time is required. In this Example, pa.rtrcuÌar].y, dÍfferent
trmes for grindrng of edge grooves were measured.

Specifically, there \,ùas measured the time required for
grínding of one edge groove for producing the end míIl of

Invention ExampJ.e A1 (Example Ä.1) or the end mil-l of

Conventlonal Examp]-e A2 (Example A1) (unequaJ- separation) .

The resuJts are shown in Table 44.

t/./

0.05 Good  12 25 50 1.2 15 0.06 _ Good Conventional Example C 1 25 - 



Sample No,

Invention
Example A

Sepantion of
cutting edges

Conventional
Þ<ample A

I Equal

separat¡on

Second waw
peripheraì

cuüinq edqe

Phase deviaiion amount (mm)

¿
Unequal

separation

Third wavy
peripheral

cu$ing edge

0,02

Fourth wavy
peripheral

cutting edge

0

0

Phase deviation
amount (%)

0

0,02

0

Grinding tìme

2Vo

=oll

õ
-òo

t!
\!

0o/o

11 mìnutes

15 minutes

-  - Breakage  2 25 50 1.6 20 - Fracture  3 25 50 
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In the case of production of an unequally-separated

product, grrnding of edge grooves requÍres a long grÍnding

t j,me for adjustment of the separation angle of a cutting

edge, In addition, since a Iarge number of porEÍons must be

ground for attarning unì-form land width, a J-ong grindrng

trme is reguired. In the case of Conventional Exanple A2

(i.e., unequal Iy- s epa rated product), g¡indrng time was

proJ.onged by four minutes (i.e., about 1.,4 Eimes) as

compared wj.th the case of Invention Example A1 .

[023r1

(ExampLe A5)

In ExampJ-e 45, cutting test (groove cuttíng) wes

carried out fo.r evaluating chip removaJ- performance, An end

miII of Invention Example 413 was produced in the same

manner as in Invention Exarnple A1 (Examp]e A1); an end miII

of Conventional- Example A5 vJas produced in the sâme manner

as in conventj-onaL Example A1 (Exampl-e A1); and an end miIL

of Conventional Examp.l-e A6 (i.e,, unequally-separated

product) was produced ín the same nutnner as in ConvenEional

Example A2 (Exampl-e A1). Each of Ehe end míIIs was tested

in te.rms of feed rate l-ímit by using structu.ral- steel as a

workpiece. Cutting conditrons were as foLlows: rotational

speed: 8,000 ¡otations/rnin (cuttrng speed: 200 rn,/min) . feed

rate: 2,000 rnm/min (0.06 mm of feed per cutting edge), and

amôunt of cutting j.n axial directron: 8 mm. Fo¡ evaluatron

o f each end mil- I, f eed .rate wa s j.n creased by 4 0 0 mm/mrn

L24

1.76 23.5 - Fracture Comparative Example C 1 10 50 0.72 9 - Fracture  2 40 



every 1 m cutting, and the feed rate at which breakage

occurred was recozded. When no problems occurred afte¡

machining, mark "o" was assj.gned irL the Table 45, whereas

when breakage occurred or r.lhen fracture or chÍpping occurred

after 1 m cutting at any feed rate, mark "X" was assigned,

A samp.l-e which attained a feed .rate of 3,200 mm/mÍn or

higher was eval-uated as "good. " The resuJ.ts are shown in

Tebl- e A5 .

l0232l
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As a ¡esult, in the case of Conventional Exampl-e AB

(i.e., cutting edge with unequally-separated angles), whon

feed rate is increased for groove cuttinq', chips become

large. When such Iarge chips are jaruned rn a small edge

groove, breakage or fracEure occurs in the edge, In the

ca se of Invent r on Examp]-e 414 , cutt ing wa s perf ormed unt i l-

f eed rate reached 3, 2 0 0 mm/mì-n riritho u t caus íng any problem .

In contrast, in the case of Conventional Example A7,

vibration was increased, and fracture occurred r,¡hen feed

rate reached 3,200 mm/min. In the case of Conventional

Example A8 (1.e., cutting edge e¡rth unequally-separated

angles ) , brea kage occu.rred when fe ed .rate reached 2 , I0 0

mm/min. Throuq'h observation of the tool thereafter, weldíng

of chips was found in edge grooves havrng small separation

angle, and breakage !ùas found to occu¡ as a resul-t of
j arnming of chips in edge grooves.

10234 )

(Example A6)

In ExampLe 46, perípheral cutting edges havrng

diffe¡ent shapes (i.e,, wavy peripheral cutting edgc and

nicked peripheral cutting edge) were compared wiE.h each

other by carrying out a cutting test employing ân easy-to-

!ùeld wo¡kpiece (stainJess steel SUS304) . An end mill of

Invention Example 414 was produced in Che sarne manner as in
Invention ExampJ-e A2 (Exarnple A1), and an end mrII of

Invention Example 415 was produced rn the same rnanner as in

126

65 0.72 9 - Fracture  5 25 50 0 0 - _ Fracture  6 _ 



Inventíon ExampÌe Ä7 (Exarnple A2). Each of the end mil-l-s

was employed for cut ting.

t023s l

For service l-rfe testing, cuttrng v'/as carried out under

the following conditíons: rotaEÍonal speed: 5,000

rotations/mit (cutting speed: I25 m/min) , feed rate: 1,200

mm/min (0,06 mm of feed per cutcrng edge) / âmôunt of cutEing

in axíal- direction: 4 mm, and amount of cuttj.ng rn rad¡-al

direction; L mm, Eor evaluation of each end rnr-IJ-,

perípherat cutting edges thereof were obse¡ved every 5 m

cuttrng. When neither fracture noz chippíng occurred j-n an

end mil1 untrl- 30 m cutEing, the end mill- was evaluated as

"good, " and the wear width of the end rnil-l- was neasured,

The results are shown in TabIe 46.

121

25 50 0.24 3  Fracture  [0299]       As a result, in the cases of Invention Examples Cl to C12, jamming
of chips did not occur, and both oblique cutting and lateral-feed machining were stably performed. In
contrast, in the case of Conventional Example Cl, due to the absence of a third gas surface, chip
pockets of end cutting edges became small, and jamming of chips occurred, resulting in breakage
during oblique cutting immediately after initiation of machining. In the cases of Conventional Examples
C2 and C3, one concave portion was formed through machining, but a longer length 56 of a
connection portion between a second gash surface and a third gash surface causes jamming of chips,
resulting in large fracture in the vicinity of the tool rotation axis of end cutting edges. [0300]        In the
case of Comparative Example Cl, due to a small first gash angle of 10, chip pockets of end cutting
edges became small, and jamming of chips occurred, resulting in breakage during oblique cutting
immediately after initiation of machining. In the case of Comparative Example C2, due to a large first
gash angle of 40, rigidity became insufficient, and large fracture occurred in the vicinity of end cutting
edges during lateral-feed machining. In the case of Comparative Example C3, due to a small second
gash angle of 35, chips were difficult to be removed through peripheral cutting edge grooves, and
jamming of chips occurred, resulting in fracture of peripheral cutting edges  during lateral-feed
machining. In the case of Comparative Example C4, due to a large second gash angle of 65, rigidity
became insufficient, and large fracture occurred in peripheral cutting edges and end cutting edges
during lateral-feed machining. In the cases of Comparative Examples C5 and C6, due to a shorter
length of a connection portion between a second gash surface and a third gash surface, rigidity was
reduced in the vicinity of the center of the tool axis of end cutting edges, resulting in fracture after
machining. 



Sample No.
Perlpherel

cuttÍng edge
shape

Invention
Example A

t5
avy periphera

cuüing edge

Se<ond wavy
(nlcked)

peripheral

o¡ttinq edqe

Phase deviation amount (mm)

t6
Nhked

peripheral
ortting edge

Thlrd waw
(nicked)

peripheral
cuttino edoe

0,02

0_02

Fourth wavy
(nicked)

peripheraL

cutùno edoe

U

Ph¿se deviatfon
amount (%)

0

0.02

0.02

Cutting
length

z%

Wear
width

2olo

30m

Evaluation

0.14 mm

30m

J
oJ'

lD-'

Oìo
N-t

0,13 mm

Good

Good

[0301] (Example C2)        In Example 02, the optimal amount of deviation of the reference phase was determined. In Invention Examples C13 to
C17, Conventional Examples C4 to C7, and Comparative Example 07, end mills were produced such that a first gash angle was 25, a second gash
angle was 500, and the length 58 of a central connection portion was 9% of the tool diameter (i.e., 0.72 mm) as measured from the tool rotation axis.
[0302]       In Invention Example C13, an end mill having the following wavy peripheral cutting edges was produced. Specifically, a first wavy
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated from the respective reference phases of the  reference peripheral cutting edge, wherein the distance of the reference phase is an amount
corresponding to a value obtained by equally quartering the waveform pitch of the reference peripheral cutting edge. In a second wavy peripheral
cutting edge, the phase deviation amount was adjusted to 1% of the waveform pitch (i.e., 0.01 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 1% of the waveform pitch (i.e., 0.01 mm). In a fourth wavy peripheral cutting edge, the phase deviation
amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). [0303]        In Invention Example C14, an end mill having the following wavy
peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral cutting edge, and the
remaining (second to fourth) peripheral cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 ram). In a third wavy peripheral cutting
edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a fourth wavy peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). [0304] In Invention Example C15, an end mill having the  following wavy
peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral cutting edge, and the
remaining (second to fourth) peripheral cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third wavy peripheral cutting
edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a fourth wavy peripheral cutting edge, the phase
deviation amount was adjusted to 3% of the waveform pitch (i.e., 0.03 mm). [0305]       In Invention Example C16, an end mill having the following
wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (second to fourth) peripheral cutting edges were deviated from the above-obtained respective reference phases. In a second
wavy peripheral cutting edge, the phase deviation amount was adjusted to 5% of the waveform pitch (i.e., 0.05 mm). In a third wavy peripheral
cutting edge, the phase deviation amount was adjusted to 4% of the waveform pitch (i.e., 0.04 mm). In a fourth wavy peripheral cutting edge, the
phase deviation amount was adjusted to 3% of the waveform pitch (i.e., 0.03 mm). (0306] 
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As a resr-tl-t, in the cases of Invention ExamPles 415 and

416, wear wídth fel-l- r,¡ithin a normal range even after 30 m

cuttíng, which rndicates that an easy-to-weld workpiece

(e.g,, stainl-ess steel) can be cut by means of each of the

end mills of this Ínvention. However, the wear width of

nicked peripheraJ- cutting edges in Invention ExamPIe 416 was

found to be 0,L3 rnrn, which rs slrghtly small-er than that of

wavy peripheral- cutting edges in Invention ExarnPl'e 415

(i.e., 0.14 mm). These data show that nicked peripheral

cutting edge is superior to !ùavy peripheral cutting edge rn

terms of cuttrng of an easy-to-wel-d workpiece such as

stainless steel.

I0238l

(Exarnple 81)

In Examp]-e B 1, pa rticularly, t he opt ima I amount of

devÍation of nicked peripheral cuttíng edges from the

respective reference phases was deternined. In Invention

Examples Bl. and 82, Comparative Example 81, and Conventional

ExarnpJ-es 81 and B2, end rnills, each having four cutting

edges, were produced from a carbide base having a co conEent

of 8 wt.t and a mean wc grain síze of 0.8 Fn (tool diameter:

I mm. cutting edge length: 16 mm, helrx angle: 45', total

length: 70 nm, shank diameter: 8 mrn) .

l0239l

In each of the end mills of InventÌon ExamP1es BI ând

82, comparative ExarnpJ-e E}1, and Conventiona.l Examples Bl' and

r29

In Invention Example C17, an end mill having the following wavy peripheral cutting edges was
produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third wavy peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). In a
fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform
pitch (i.e., 0 mm). [0307]        In Conventional Example C4, there was produced an end mill having
wavy peripheral cutting edges without deviation from the reference phase. In Conventional Example
C5, there was produced an end mill having wavy peripheral cutting edges with different separation
angles (i.e., 85, 95, 85, and 95) and without deviation from the reference phase. [0308]        In
Conventional Example C6, an end mill having the following wavy peripheral cutting edges was
produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference  phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In a third wavy peripheral
cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In
a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 0% of the
waveform pitch (i.e., 0 mm). [0309]       In Conventional Example C7, an end mill having the following
wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral cutting edge, the phase deviation amount was adjusted to 6% of the waveform pitch (i.e.,
0.06 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of
the waveform pitch (i.e., 0.02 mm). In a fourth wavy peripheral cutting edge, the phase deviation
amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). [0310]       In Comparative Example
C7, an end mill having the following wavy peripheral cutting edges was produced. Specifically, a first
wavy peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were   deviated from the above-obtained respective
reference phases. In a second wavy peripheral cutting edge, the phase deviation amount was
adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In a fourth wavy
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0
mm). [0311] 



82, nicks çere formed such that nrck pitch was 1- mm, the

curvature radius R1 of a tool-end-side rounded portion of
each nick çras 0.025 D (O.2 mm in actual size, the same shaLL

app]-y herernafter), the cu.rvature radius R2 of a Eool-shank-

side rounded portlon of each níck was 1,6 times the

curvature .râdrus Rl (i.e,, 0,32 mm), and the depth of each

nick was 0,03 D (0.24 mm) . In each end rniII, gashes each

composed of a plurality of su¡faces were formed so as to

attain a first gash angle of 25" and a second gash angLe of
50", The bottom end of each nick was connected to the tool-
slrank-side rounded portton thereof (curvature ¡adius R2) via

a straight portion. Each of the end mÌIÌs (sample) was

coated with a hard coat including an intermedÍate l-ayer

formed of TiAISiN, an rnnermost layer formed of TiA1N, and

an outermost J-ayer formed of TrSiN,

lDz4Ol

In Invention Example Bl-, an end nil-l- having the

following nicked peripherel cutting edges was produced.

Specifically, a frrst nj-cked peripheral- cutting edge was

consrdered a reference perípheral cuEEÍng edge, and the

remaining (second to fourth) peripherâl- cutting edges were

deviated f¡orn the respective reference phases of the

reference cutting edge, Hhereín the distance of the

reference phase ís an amount corresponding to a value

obtaÍned by equaJ-J-y quartering the nrck pitch of the

reference peripheral cutting edge. In e second nicked

peripheral cuttrng edge, the phase deviatLon âmount e¡as

130

In Invention Examples C13 to C17, Conventional Examples C4 to C6, and Comparative Example 07,
end mills were produced from a carbide base having a Co content of 8 wt.% and a mean WC grain
size of 0.8 gm. In Conventional Example C7, an end mill was produced from a high-speed tool steel
base. Each of the end mills was produced so as to have four wavy peripheral cutting edges (tool
diameter: 8 mm, cutting edge length: 16 mm, total length: 70 mm, shank diameter: 8 mm, waveform
pitch: 1 mm, helix angle: 45'). Each of the end mills (samples) was coated with a hard coat formed of
an Si-containing (TiA1)N compound. [0312]       The type of a workpiece, cutting conditions, and the
shape of machining were the same as in Example Cl, and evaluation of each end mill was carried out
in the same manner as in Example Cl. Specifically, after formation of one concave portion through
machining, the wear width of end cutting edges was measured and recorded. In Conventional
Example C7, in which the end mill was produced from highspeed tool steel, cutting was performed
under much milder conditions than those employed for testing of a carbide end mill; i.e., rotational
speed: 1,200 rotations/min (cutting speed: 30 m/min), feed rate: 150 mm/min (0.03 mm of feed per
cutting edge), amount of cutting in axial direction: 8 mm, amount of cutting in radial direction: 2 mm,
feed rate upon oblique cutting: 70 mm/min, and tilt angle: 10. The results are shown in Table C2.
Sample No. Base of end mill Separation of cutting edges Phase deviation amount (mm) 



adjusted to 19 of Ehe nick prtch (:.,e-, 0-01 mm) - In a

tbírd nrcked perípheral cutting edge, Ehe phase deviatron

amount was adjusted to 0S of the níck pitch (i'e., 0 mm) -

In a fourEh nícked peripheral cuttrng edge, the phase

deviation amounE was adjusted Eo 18 of the nÍck pitch (i-e-,

0.01 mm) .

l02411

In Invention ExamPIe 82, a end mil-I having the

following nÍcked peripheral cuEting edges was produced.

SpecificalJ-y, a f j-rst nicked peripheral cutting edge was

considered a reference peripheral cuttrng edge, and the

remaining (second to fourth) peripheral cutting edges were

deviated from the aboue-obtatned respective reference

phases, In a second nrcked peripheral cuttÍng edge. the

phase deviation amount was adjusted lo 2? of the nick pitch

(i.e., O,02 mm). In a third nrcked peripheral cuttÍng edge'

the phase devj-ation amôunt was adjrrsted to 0t of the nick

pítch (i,e., O mm) . In a fourth nicked per:-pheral cuttíng

edge, the phase deviation amount was adjusted Eo 2T of the

nick pitch (i. e. , 0.02 mn) .

(o2r2l

In Inventiôn ExampLe 83, an end mill having the

following nícked periPheral cuttrng edges Has produced-

Specifically, a first nicked peripheral cutting edge was

consÍdered a refe¡ence peripheral cuttíng edge' and Ehe

remaining (second to fourth) peripheral cutEing edges were

deviated from the above-obtained respective reference

13L

Phase Wear width (mm) Evaluation     Second wavy peripheral citrino (-doe Third wavy peripheral
cutting edge 



phâses. In a second nicked peripheral- cutting edge, the

phase deviation âmount was adjusted to 2T of the nick pitch
(r.e., 0.02 mm) , In a thírd nicked peripheraJ- cutting edge,

the phase devration amount was adjusted to 3f of the nick
pitch (i.e., 0.03 nm) . In a fourth nicked peripheral

cutting edge. the phase deviation amount was adjusted to 2t

of Che nÍck pl.tch (r,e,, 0-02 run) .

1o243)

In Invention Example 84, an end mil-l having the

foÌlowíng nicked peripheral cutt j-ng edges was produced.

SpecÍfically, a first nicked peripheral cutting edge Hes

consídered a .reference peripheral- cutting edge, and the

remaining (second to fourth) perípheral cuttrng edges were

deviated from the above-obtained respective reference

phases. In a second nicked peripheral cuttÍng edqre, the

phase deviation amounE was adjusted to 5l of the nick pitcb
(i.e., 0.05 m¡n) . In â thrrd nj.cked perrpheraJ- cutting edge,

the phase deviation amount was edjusted to 3t of the nick

pítch (i.e,, 0.03 ftun) . In a fourth nrcked perípheral

cutting edge, the phase deviâtron amount was adjusted E.o 4ã

of the nick pitch (i.e., 0.04 run) .

lo24 4l

In Invention Example 85, an end milJ. having the

followíng nicked peripheral cuttrng edges was produced.

Specifically, a first nicked peripheral cutting edge was

considered a reference peripheral cutLing edge, and the

remarning (second to fourthl peripheral- cutting edg.es !ùe¡e

a32

Fourth wavy peripheral cutting edge deviation amount (%)   Invention Example C  13 Carblde Equal
separation 0.01 0.01 0 1 



deviaLed from the above-obtained respective reference

phases. In a second nicked peripheral cutting edge, the

phase deviatíon amount was adjusted to 2i of the nrck prtch

(r,e., 0.02 mm) . In a third nicked peripheraf cutting edge,

the phase devíation amount was adjusted to 0Ê of the nick

pitch (i.e., O mm). In a fourth nicked peripheral cuEting

edge, Ehe phase deviatron amount was adjusted tô 0g of the

nick prtch (i , e. , 0 run) .

[024s]

In Comparative Exampl-e 81, an end mil-l- having the

f oÌlowing nicked peripheral cutting edges was produced-

SpecificaJ-ly, a first nr-cked peripheral cutting edge was

considered a reference perípheral cuttrng edge, and the

remaining (second to forrrth) peripheral cutting edges were

deviated from the above-obtained respective reference

phases. In a second nicked perrpheral cutting edge, the

phase deviation amount was adjusted to 6å of the nick pitch

(i.e., 0.06 mm), In a thi¡d nicked perípheral cutting edge,

the phase deviation amount was adjusted to 0t of the nick

piEch (i.e., O mm) . In a fourth nicked peripheral cutEing

edge, the phase deviation amount was adlusted to 6T of the

nick pitch (i, e, , 0. 06 mm) .

Í02461

In Conventronal Exarnple 81, there was produced an end

mill- having nicked peripheral cutting edges of constant

phase devíation amount, wherert, rn each nicked perrpheral

cutting edge, the amount of deviation from the reference

rr3

0.1 Good  14 Carbide Equal separation 0.02 0.02 0 2 0.08 Good  15 Carbide 



phase (i,e-, I/4 of the nick pitch of the teference

peripheral cutting edge) was adjusted to 0ç.

10247l

In Conventional Example 82, there was produced an end

mrII having nicked peripheral cutting edges of constant

phase deviation amount with different separation angles

(i,e,, 95", 85o, 95', and 85') , whereín. in each nicked

peripheral cutting edge, the amount of deviatron from E.he

.reference phase (i -e,, 1,/4 of the nick pitch of the

reference peripheral cuttrng edge) llas adjusted to 0Ë.

ío2481

In Conventional Example 83, there !ùas p.roduced an end

mil- 1 in which E.he amount of deviat ion f rôm th e .re f erence

phase rn each nicked peripheral- cutting edge wâs determined

as in the case of the end mill as described in patent

Document 1. Specifically, a first nicked peripheral cutting
edg'e was considered a reference peripheral cuttrng edge, and

the remaining (second to fou¡th, perÍpheral- cutting edges

were deviated frôm the above-obtained respectÍve reference

phases. In a second nick peripheraJ. cutting edge, the phase

devÍat j-on amount was adjusted to 6* of the nick prtch (r.e.,
0.06 mm). In a thi¡d nrcked peripheral- cutting edge, the

phase deviation amount was âdjusEed to 0t of the nick pitch
(i.e., 0 mm) . In a fou.rth nÍcked perrpheral cutting edge,

the phese devj.ation amount L¡as adjusted Xo 2t of the nick
pitch (r. e. , 0. 02 mm) ,

In each of the end mills of Invention Examples Bt to

Equal separation 0.02 0.02 0.03 3 0.09 Good  16 Carbide Equal separation 0.05 0.01 0.03 



85, Comparative Example BI, and Conventional Examples 81 and

83, nicked perÌphera.l cuttrng edges were formed so as to

have the same separatiôn angl-e.

ío2491

Each of the end mills r^ras subjected to a cutting test

(service life test) employing a workpíece (die steel SKD61

for hot working having a hardness of HRC 40) , Specifically,

cutting was carried out under the fol-l-oçling condrtl.ons i

cutting speed: 150 m/min (¡otationaL speed: 6,000

rotations/min), which is 1.5 times the cuttrng speed rn

conventionaJ- high-speed cutting (i,e., 100 m,/min), feed

rater 1,600 mm/min (0.06 mm of feed pe¡ cuttlng edge),

amount of cutting in axral- directÍonl 4 mm, and amount of

cutting in radj-aL dj.rection: 4 mm.

t02s0l

Eor evaluation of each end mrlJ-, peripheral cuttrng

edges thereof were obse¡ved every 5 m cutting, f{hen neither

fracture nor chippÍng occurred in an end mill- until 50 m

cutting, the end mrll- was evaluated as "good, " and Ehe wear

wldth of the end mill was measured. When frecture or

chippi.ng was observed in peripheral cutting edges of an end

mil-l- before 50 m cutting, cuEting was stopped upon

observation of fracture or chipping, and Lhe cutting l-ength

was recorded. The resuLts a¡e shown in Table 81.
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Sample No.
Separation of
cutting edges

Invention
tample B

1

P
6\

Equal
senaration

2

Second nlcked

ænpheral
cutt¡nq edqe

Equal
seberetion

Phase deviation amount (mm)

3
Equal

<añã rå li^ ñ

Comparative
Example B

4
Equar

seoaration

0.01

Thlrd nlcked
perlpheral

cuttlnq edqe

5
Equal

cêñârâfiôn

0.02

conventional
Eample B

1

0.02

Equal

separatìon

Fourth nlcked
perlpheral

cuttlnq edae

0

0,05

1
Equal

çpôerãliôn

0

0 .02

2

0,03

Phase

da¿iation
amount (%)

Unequal

0.01

I

0.06

0.03

Equal

o_o2

0

C0ttln g

length
(m)

0.02

0

1

0.04

0

0

Wear width
(mm)

2

0.06

u

50

0

3

0.06

0

50

Evaluailon

0.1

50

0

2

=o,'
cr
o-'

PÔ
N)(¡

0

0.08

s0

0

0.09

Good

50

0.02

0

Good

.12

0

25

0,08

Good

0

Good

t5

6

Good

35

chipping

25

Fractu re

chlpplng

Chippinq

4 Carbide Equal separation  0 0 0  Fracture  5 Carbide Unequal separation 0 



l02s2l

As a resul-t, in the cases of Invention ExamPles BI to

E}5, stable cutting was performed wÍEh reduced chattering

vibration, and wea¡ width feII wíthin a normal range even

after 50 m cuttíng. Particularly, ín the cases of fnvention

Examples 81 to 83 and 85, wear width was as small- as 0.10 mm

or less after 50 m cutting, In Ehe cases of Compa¡ative

Example 81 and Conventional- Exanple 83, the amount of

deviation from the reference phase was J-arge, and thus a

large cutt j-ng load was app.ì-ied to a nicked peripheral

cutting edge with Iarge phase deviatíon amount, resulting in

occurrence of chipping upon 25 m cuttrng. In the case of

ConvenEional Exampl-e E}1, nick PiEches were provided at egual-

intervals, and thus chattering vibratlon was íncreased, and

fracture occurred upon 15 m cutting, l-eadrng to the end of

the servrce life. In Ehe case of Conventj.onal ExampJ-e 82

(i,e,, cuttíng edge with unequa I I y-separa t ed angles),

chipping occurred upon 35 m cuttlng in a nicked peripheral-

cutting edge with â groove of smaJ.l separation angle'

t02s3l

(Example 82)

In Example 82, parEicularly, the optimal shape of

nicked peripheral cutting edges was determined. In

InvenEion Examples B6 Eo 823, ComParetr.ve Examples 82 and

83/ and Conventional ExampJ-es 84 to 87, end milJ-s each

having four crrtting edges were Produced from a carbide base

having a Co content of I Ht.g and a mean vilc grain size of
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0.8 P^ (tooJ. diameter: 10 mm, cutting edge tength: 20 mrn,

helix angle: 450, total lengEh | 90 nm, shank dianeter: 10

mm) .

lo254l

In Example 82, each end miII was produced so as to have

the following nicked peripheral cutting edges.

Specifica]-ly, a f j-rst nicked peripheral cutting edge wâs

consrdered a reference peripheral cuttrng edge, and the

remaining (second Eo fourth) peripheral cutEing edges were

deviated from Lhe respective reference phases of the

refe¡ence peripheral cutting edge, wherein the drstance of
the reference phâse is a value obtained by egually

quartering' the nick pitch of the reference peripheral-

cutting edge. In a second nicked peripheral cutting edge,

the phase deviatron amount was adjusted to 2S of the nÍck
pitch (i.ê., 0.02 rnrn) , fn a thi¡d nicked peripheral cutting
edge, the phase deviation amount was adlusted to 0ä of the

nl.ck pÍtch (i,e,, 0 m¡n) . In a fourth nicked peripherel-

cuttÍng edge, Lhe phase devÍation amoìrnt was adjusted to 2t

of the nick pj.tch (i.e., 0. 02 mm). Each end mil-l- (sarnple)

was coated l+ith a hard coat including an intermedÍate layer
formed of TIAISiN, an innermost layer formed of TíAIN, and

ân outermost layeE formed of TiSiN.

tozssl

Nicked carbide end mill-s of Invention Examples B and

Comparative Examples B were produced by varying the

curvature radrus R1 of a tool-end-side rounded portion of
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each nick, the curvature radius R2 of a tool-shank-síde

rounded portr.on of each nick, the depth of each nick' and

the shape of a po.rtÍon connecting the bottom end of each

nick and the tool-shank-side rounded portion of the nj-ck-

Nicked carbide end mills ôf conventional Examples B Here

produced so as to have shapes as described in Patent

Dôcuments 3 and 4.

lo256l

As shown rn Table 82, end mills of Inventíon Examples

86, B?, 88, and 821 !ùere produced by varying Ehe shape of a

portion Òonnecting the bôttom end of each nick and the tool-

shank-side rounded portion of the nrck, wherein the

curvature radÍus Rl of a tool-end-side rounded portion of

each nick was adlusted to 0,02 D (0.2 mm in actuaJ. size, the

same shal-I apply hereínaftel) , the curvature radius R2 of a

tool-shank-side rounded portion of each nick was adjusted to

1.7 tines the curvature radius R1 (0'34 run), and the depth

of each nick was adlusted to 0,025 D (0.25 mm) .

ío25'7 l

End mills of Invention ExamPles 89 to 820 and 823 were

produced such that Ehe bottorn end of each nj.ck was cônnected

to the tool -slrank- s r-de rounded portíon (curvature radius R2)

of the nick via a st¡aight portion. In Inventlon ExarnPle 89,

the curvature radius R1 of a tooL-end-side rounded portion

of each nick r.las adjusted Eo 0.01 D (0.1mln) . the curvature

radius R2 of a tool-shank-side ¡ounded portíon of each nj.ck

was adjusted to 1.6 times the curvature radius R1 (0.15 mm) ,
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separation 0.06 0.06 0 6  Chipping  [0314]       As a result, in the cases of Invention Examples 013 to
C17, one concave portion was formed through stable machining. Particularly, when the amount of
deviation from the reference phase was 1 to 3%, wear width was as small as 0.1 mm or less. [03/5]
In the case of Conventional Example C4, although gashes were formed to have an optimal shape,
chattering vibration occurred during lateral-feed machining, and fracture occurred in end cutting edges
after formation of one concave portion of the work through machining. In the case of Conventional
Example C5, chattering vibration was reduced by unequal separation, and one concave portion was
formed through machining. However, chips generated by end cutting edges during oblique cutting
were jammed in small grooves of peripheral cutting edges, resulting in occurrence of chipping. [0316]
In the case of Conventional Example 06, the amount of deviation from the reference phase was as
large as 6%, and thus chipping occurred in peripheral cutting edges to which the heaviest load was
held. In the case of Conventional Example C7, the end mill, which was produced from high-speed tool
steel, exhibited low tool rigidity, and breakage occurred during oblique cutting immediately after
initiation of cutting. In the case of Comparative Example C7, similar  



and the depth of each nick was adjusted to 0,O25 D (0.25 rnm),

t02s8l

fn fnvention Example 810, the curvature radius R1 of a

tool-end-síde rounded portion of each nick rdas adjusted to

0.03 D (0,3 mm) , the curvature radius R2 of a Eool-shank-

side rounded portion of each nÍck was adjusted to 1.6 tímes

the curvature .radrus R1 (0.48 mm), and the depth of each

nick was adjusted to 0.025 D (0.25 mm).

l02s9)

In Inventron Example 811, the curvature radius R1 of a

tool-end-side rounded portion of each nick was adjusted to
O.O2 D (0.2 ¡nn), the curvature radius R2 of a tooÌ-shank-

side ¡ounded portÌon of each nj-ck was adjusted to 1.5 times

the curvature radj-us R1 (0.3 mm), and the depth of each nj-ck

was adjusted to 0.025 D (0,25 mm) .

l02601

In Inveri.t íon Exampl e B 12 , the curvature .¡adr us R1 of a

tool-end-side rounded portion of each nrck Hes adjusted to
O-O2 D (0.2 mm), the cu.rvatu¡e radrus R2 of a tool--shank-

side rounded portion of each nick was adjusted to twÍce the

curvaLu¡e radius Rl- (0.4 mm), and the depth of each níck was

adjusted to 0.025 D (0,25 mn) .

lo26t1

In Invention Example 813, the curvature ¡adius R1 of a

tool-end-side rounded portion of each níck was adlusted to
0.02 D (0.2 m¡n) , the cu.rvatrrre radius R2 of a tool-shank-

side ¡ounded portíon of each nick wâs adjusted to 1.7 tirnes
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to the case of Conventional Example C6, the amount of deviation from the reference phase was as
large as 6%, and thus chipping occurred in peripheral cutting edges to which the heaviest load was
held. (0317] (Example C3)        In Example C3, end mills of Invention Example and Conventional
Examples were tested to investigate feed rate limit. An end mill of Invention Example C18 was
produced in the same manner as in Invention Example C3 (Example Cl); an end mill of Conventional
Example C8 was produced in the same manner as in Conventional Example C3 (Example Cl); and an
end mill of Conventional Example C9 (i.e., unequally-separated product) was produced in the same
manner as in Conventional Example C5 (Example C2). Each of the end mills was tested to investigate
feed rate limit by using structural steel as a workpiece. [0318]        In Invention Example C18 and
Conventional Examples C8 and C9, end mills, each having four wavy peripheral cutting edges, were
produced from a carbide base having a Co content of 8 wt.% and a mean WC grain size of 0.8 I'm
(tool diameter: 8 mm, cutting edge length: 16 mm, total length: 70 mm, shank diameter: 8 mm,
waveform pitch: 1 mm, helix angle: 45) Each of the end mills (samples) was coated with a hard coat
formed of an Si-containing (TiAl)N compound. Cutting conditions were as follows: rotational speed:
8,000  rotations/min (cutting speed: 200 m/min), feed rate: 2,800 mm/min (0.09 mm of feed per cutting
edge), and amount of cutting in axial direction: 4 mm. [0319] For evaluation of each end mill, feed rate
was increased by 350 mm/min every 1 m cutting, and the feed rate at which breakage occurred was
recorded. When no problems occurred after machining, rating "0" was assigned, whereas when
breakage occurred or when fracture or chipping occurred after 1 m cutting at any feed rate, rating "X"
was assigned. An end mill which did not cause any problem through cutting at a feed rate of 4,200
mm/min or higher was evaluated as "good." The results are shown in Table C3.    



the curva[ure radius R1 (0.34 mm) , and the depth of each

nrck was adjusted to O.0I D (0.1 mm).

lo262l

In Inventíon ExampJ-e B14, the curvature radius R1 of a

tool-end-sj.de rounded portion of each nick was adjusted to

0.02 D (0.2 InIn), the curvature radius R2 of a tool-shank-

side rounded porEion of each níck was adjusted to 1.7 times

the curvature radrus R1 (0.34 mm) , and the depth of each

nick was adjusEed to 0.05 D (0.5 rnm) .

l0263l

In Invention Example BI5, ttre curvature radius R1 of a

tool-end-side rounded portion of each nÍck was adjusted Eo

0.007 D (0.07 mm) , the curvature radius R2 of a too.l--shank-

srde rounded pôltÍon of each nick was adjusted to l,,f times

the cu.rvatu¡e radius RI (0-12 mm), end the depth of each

nick was adjusted to 0.025 D (0.25 mm) .

to264l

fn Inventíon ExampÌe E}15, the curvature radius R1 of a

tool-end-side rounded portron of each nick was edjusted to

0.033 D (0.33 mm), the curvatu.re radius R2 of a tool-shank-

side rounded portion of each nj.ck r.tas adjusted to 1.6 times

the curvature radius R1 (0.52 n¡n) , and the depth of each

nick l,las adjusted to 0.025 D (0.25 m¡n) ,

t026sl

In Invention Example E}17, the cu.rvature radius RI of a

tool-end-side rounded portion of each nick tnras adjusted to

O-O2 D (0.2 n¡n) , the curvatu.re radius R2 of a tool-shank-

L4L

[0321]       As a result, in the case of Invention Example 018, cutting was performed until feed rate
reached 4,200 mm/min without causing any problem. In contrast, in the case of Conventional Example
08, fracture occurred when feed rate reached 2,800 mm/min, and, in the case of Conventional
Example C9, breakage occurred when feed rate reached 3,150 mm/min. Thus, the end mill according
to the present invention realized machining at a feed rate 1.5 Limes or more that in the case of a
conventional end mill. (0322] (Example C4)        In Example 04, similar to the case of Example C2, the
optimal amount of deviation of the reference phase was determined in nicked peripheral cutting
edges. In Invention Examples C19 to C23, Conventional Examples C10 to C13, and Comparative
Example C8, each of the end mills was produced such that a first gash angle was 25, a second gash
angle was 50, and the length of a central connection portion was 9% of the tool diameter (i.e., 0.72
ram) as measured from the tool rotation axis. [0323]        In Invention Example C19, an end mill
having the following nicked peripheral cutting edges was produced. Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were  deviated from the respective reference phases of the
reference peripheral cutting edge, wherein the distance of the reference phase is an amount
corresponding to a value obtained by equally quartering the nick pitch of the reference peripheral
cutting edge. In a second nicked peripheral cutting edge, the phase deviation amount was adjusted to
1$ of the nick pitch (i.e., 0.01 mm). In a third nicked peripheral cutting edge, the phase deviation
amount was adjusted to 1% of the nick pitch (i.e., 0.01 mm). In a fourth nicked peripheral cutting edge,
the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). [0324]        In Invention
Example C20, an end mill having the following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (second to fourth) peripheral cutting edges were deviated from the above-obtained
respective reference phases. In a second nicked peripheral cutting edge, the phase deviation amount
was adjusted to 2$ of the nick pitch (i.e., 0.02 mm). In a third nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a fourth nicked
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm).
[0325]         In Invention Example C21, an end mill having the following nicked peripheral cutting
edges was produced. Specifically, a first nicked peripheral cutting edge was considered a reference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated
from the above-obtained respective reference phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02
mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 3% of
the nick pitch (i.e., 0,03 mm). (0326] 



side rounded portion of each nick was adjusted to 1.3 times

the curvature radius Rl- (0.26 mm) , and the depth of each

nick was adj usted to 0.025 D (0.25 mm),

10266)

ln .Invention Exampl-e 818, the curvature radius Rl of a

tooÌ-end-sÍde rounded porEion of each nick was adjusted to

O,O2 D (0,2 mm), the curvature radius R2 of a tool--shânk-

side rounded portíon of each n j.ck was adjusted to 2.5 times

tbe curvature radius Rl (0,5 mm), and the depth of each nrck

was adjusted to 0.025 D (0.25 mm),

10267 |

In Invention Example 819. the curvature radrus R1 of a

tool-end-sj-de rounded portion of each nick was adjusted to

0.02 D (0.2 rnm), the curvature .radius R2 of a tool-shank-

side rounded portion of each nick was adjusted to i,,7 times

the curvature ¡adius Rl- (0.34 mm) , and the depth of each

nick was adjusted to 0.008 D (0.08 Tn¡n) .

to268l

fn Invention Example 820, the cu.rvature radius R1 of a

tool-end-side rounded portion of each níck was adjusted to
0.02 D (0.2 mm), Ehe curvatu.re radius R2 of a tool--shank-

sÌde rounded portrôn of each nick vras adjusted to L.f tlmes

the curvature radrus R1 (0.34 mln), and the depth of each

nick r,ras adjusted to 0.0f D (0.7 mm) .

10269l

In Invention Example 821., the curvature radius R1 of a

too.l--end-side rounded portion of each nick was adjusted to

L42

In Invention Example C22, an end mill having the following nicked peripheral cutting edges was
produced. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second nicked peripheral cutting edge, the phase
deviation amount was adjusted to 5% of the nick pitch (i.e., 0.05 mm). In a third nicked peripheral
cutting edge, the phase deviation amount was adjusted to 4% of the nick pitch (i.e., 0.04 mm). In a
fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 3% of the nick pitch
(i.e., 0,03 mm).  [0327]        In Invention Example C23, an end mill having the following nicked
peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases_ In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 0% of the nick pitch (i.e., 0 mm). [0328]       In Conventional Example CIO, an end mill
having nicked peripheral cutting edges without deviation from the reference phase was produced.
In Conventional Example C11, an end mill having nicked peripheral cutting edges with different
separation angles (i.e., 85, 950, 85, and 95) and without deviation from the reference phase was
produced. (0329]       In Conventional Example C12, an end mill having the following nicked peripheral
cutting edges was produced. Specifically, a first nicked peripheral cutting edge was considered a
reference peripheral cutting edge, and the  remaining (second to fourth) peripheral cutting edges were
deviated from the above-obtained respective reference phases. In a second nicked peripheral cutting
edge, the phase deviation amount was adjusted to 6% of the nick pitch (i.e., 0.06 mm). In a third
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 ram). In a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 0%
of the nick pitch (i.e., 0 mm). [0330]        In Conventional Example C13, an end mill having the
following nicked peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second nicked peripheral cutting edge, the phase deviation amount was adjusted to 6% of the nick
pitch (i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase deviation amount was
adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a fourth nicked peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). [0331]       In Comparative
Example CB, an end mill having the following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was 



0,02 D (0.2 run), the cuzvature radius R2 of a tool-shank-

side rounded portion of each nick r.'as adjusted to 1-7 trmes

the curvature radius Rl (0.34 nm) ' and the dePth of each

nick !ùas adjusted Lo 0.025 D (0.25 nm). Eurthermore. gashes

each composed of a plurality of surfaces were formed so as

to attaln a first gash angle Ò1 20" and a second gash angle

of 45",

lo2't ol

In Inventj,on Exampì-e 822' t}j.e bottom end of each nick

was cônnected to the toof-shank-side rounded portíon

(curvature radj.us R2) of the nick via a concave ârc portion,

wherein the curvature tadius RI of a tool-end-side rounded

portion of each nick was adjusEed to 0.01 D (0.I mm) , the

curvature radius R2 of a tool-shank-side rounded portion of

each nick was adjusted to 1.3 times the curvature radius Rl'

(0.13 rnrn), and the depth of each nick r,las adjusted to 0-025

D (0.25 mm) ,

[0271]

In Comparatrve Exarnple B.2, an end mil,l was produced in

the same manner as in Invention Exampl-e 5, except thaE the

curvature radius R2 of a tool-shank-side rounded portr-on of

each nick was adjusted to be equal tô the curvatu.re ¡adius

Rl. of a too.l--end-side rounded portion of each nick (í.e.,

0.025 D (0,25 rnm) ). In compa¡ative Example 3, an end mÍI1

was produced in the same manner as 1n Invention ExampJ-e 6,

except that the curvature ¡adius R1 of a tool--end-side

rounded portion of each nick was adjusted to 0.034 D (0.34
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considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 6% of the nick pitch (i.e.,
0_06 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 6%
of the nick pitch (i.e., 0.06 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount
was adjusted to 0% of the nick pitch (i-e., 0 mm). [0332]        In Invention Examples C19 to C23,
Conventional Examples C10 to C12, and Comparative Example C8, end mills were produced from a
carbide base having a Co content of 8 wt.% and a mean WC grain size of 0.8 Rm. In Conventional
Example 013, an end mill was produced from a high-speed tool steel base. Each of the end mills was
produced so as to have four nicked peripheral cutting edges (tool diameter: 8 mm, cutting edge
length: 16 mm, total length: 70 mm, shank diameter: 8 mm, nick pitch: 1 mm, helix angle: 45'). Each of
the end mills (samples) was coated with a hard coat formed of an Si-containing (TiAl)N compound.
[0333]       The type of a workpiece, cutting conditions, and the shape of machining were the same as
in Example Cl, and evaluation of each end mill was carried out in the same manner as in Example Cl.
Specifically, after formation of  one concave portion through machining, the wear width of end cutting
edges was measured and recorded. In Conventional Example C13, in which the end mill was
produced from highspeed tool steel, cutting was performed under much milder conditions than those
employed for testing of a carbide end mill; i.e., rotational speed: 1,200 rotations/min (cutting speed: 30
m/min), feed rate: 150 mm/min (0.03 mm of feed per cutting edge), amount of cutting in axial direction:
8 mm, amount of cutting in radial direction: 2 mm, feed rate upon oblique cutting: 70 mm/min, and tilt
angle: 100. The results are shown in Table C4.   Sample No.  Base of end mill Separation of 



nm) , and the curvature radíus R2 of a tool-shank-side

rounded portion of each nick was adjusted to 0-2 mm; i.e,,
the curvature radius R2 was adjusted so as to be smal-l-e¡

than the curvature radius Rl- of the tool--end-srde rounded

portion,

10212)

In Conventional Example 84, an end mil-l- was produced

such that a port j-on connecting each nick and a corresponding

peripheral cutCing edge portion had a sharp edge shape

(i.e., the nick shape described 1n patent Document 3). FIG,

1.9 shows the nick shape. The end ¡nrl-I was produced in the

same fn¿rnner as in Invention Example 5, except that rounded

portions were not provrded on the tool end side and the tool-

shank side of each nick.

lo27 3l

In ConventionaJ- Example 85, an end mill- was produced

such Chat each nick had the shape shown in FIG, 19 whereín a

rounded portion may be provided on the nick (see EIG, 20) as

described in Patent Document 3. The end mill was produced

in the same manner as in Conventional Exampl-e 4, except that
the curvature radius Rf of a tool--end-side rounded portion
of each nick was adjusted to 0.005 D (0.05 mrn), and the

curvaEure .radius R2 of a tool- - shank-s ide rounded portion of
each nrck was adjusted to be equal to the curvature radius

Rl. (i, e, , 0.05 mrn) .

10214)

In Conventional Exampl-e 86, an end miII was produced

744

cutting edges Phase deviation amount (mm)  Wear width (mm) Evaluation     Second nicked
peripheral cutting edge Third nicked 



such that each nick r.¡as formed to attain the shape descrrbed

in Patent Document 4, j-n r,¡hích a connection portl.on between

each nick and a correspondj-ng peripheral cutting edge has a

curvature radrus smaLler thân that of a concave arc portion

forming the n:-ck, and the curvatìlre radrus is made equal

betL¡een the tool end side and the tool shank side (the nick

shape is shown in EIG. 21.), Specifically, the end miII was

produced in the same menner as in Invention Example 86,

excepE tllat each nick was connected to a correspônding

peripheral cutting edge via a concave arc portion; the

curvature radíus R1 of a tool-end-side rounded pôrtion of

each nick was adjusted to 0 -O2 D (o.2 lrun).' and the curvâture

radius R2 of a tool-shank-síde portion of each nick was

adjusted to be equal to the cu.rvature radius R1 of the tool--

end-side rounded port.:.on.

Ío2151

rn Conventional- ExampJ.e B?, an end mill was produced so

as to have the shape of a conventional nicked ca¡bide end

rnrl-I, in v¡hich the bot tom end of each nick was connected Eo

a Eool-shank-side rounded portion vj.a a curve portion

concaved toward the nrck. Specifically, the end rnill- uas

produced in the same manner as in Invention Example 86,

except that rounded portions were not provided on the tool

end side and the tool shank side of each nick-

lo216l

In Table 82, "straight connection" refers to the shaPe

of each nick in which the bottom end of the nick ís

1.4 5

peripherat cutting edge Fourth nicked peripheral cutting edge Phase deviation amount  (i3.6)
Invention Example C 19 Carbide Equal separation 0.0/ 



connected to the tool-shank-side ¡ounded portion the¡eof
(curvature radius R2) vra a stra)-ght portion; .'convex curve.'

.refers to the shape of each nick in whích the bottom end of
the nick is connecE.ed to the tool--shank-side rounded portion
thereof (curvature radius R2) via a curve portlon convexed

toward the nick; "straight + convex curve'. refers Eo the
shape of each nick in which the bottom end of the nick is
connected to the t ool -shank-s j,de rounded portiôn Ehe.reof

(curvature ¡adrus R2) via a straight portion and a curve
portion convexed toward the nick; and .'concave arc " lefers
to the shape of each nick whrch is shovJn in FIG. 1g

(conventional exarnple), in which the bottom end of the nick
is connected to the tool-shank-síde ¡ounded portion the¡eof
(curvature radius R2) v¡-a a curve ôr arc portion concaved

towa.rd the nick.

10211 l

The thus-produced end milJs (samples) were subjected to
a cutting test under the same conditions. A staj-nl-ess sEeel

SUS304 block matería1 was provided as a workprece- Cutting
was carrred out under the fol-l-or,¡ing condítío¡s: rotatronal
speed of the nÌcked carbide end mil-l-: 4,000 rotations/m¡-n
(cutting speed: 120 m/mrn), âmount of cutE.ing in axial
direction: 10 mm, and amounE of cuttrng in radial dr¡ecEion:
4 mm. A r.tater-solubLe l-ub¡icant was employed fo¡. cuttÍng.

rc27e1

In the case of a conventional- nicked carbide end mil-l-

of this type, an averag'e feed rate for securing an average

L46

0.01  1 0.1 diM Good  20 Carbide Equal separation 0.02 0.02 0 2 0.09 Good 



surface roughness is aborrt 500 mn/min, Therefore, Ìn order

to evaluate the machinj,ng performence of the end miII of the

p¡esent invention, feed .¡ate was gradual-J-y increased from

500 mm/min (feed zate per cutting edge: 0,03 nm,/rnín) for

Ínvestigation of feed rate limit. Thus, v¡hen a feed rate of

f,000 mm,/rnÍn or hígher is attained, and no prob3-ern arises rn

terms of occurrence of chipping or impairment of surface

roughness, the end mil-l- is regarded as achíev:-ng high-

performance machrning (r.e,, machinrng performance is twice

o.r more lhat of a cônventional end milI).

lo2t e)

In evaLuation of each end milL, cutting wâs stopped

when a probl-em (e . g . , ch ipping ) occr'rr¡ed or the average

roughness Ra of the machined surface of a workprece reached

4 Frn or more, and the feed rate at the time of stoppÌng !ùas

recorded as feed rate Iimit (run/mrn) .

[02801

In the case where a probJ-em (e.g'. chipping) did not

occur j.n an end mill-, and the average rotrghness Ra of the

machined surface of a workpiece was 4 ¡.tm or Ìess at the t j.me

when the feed rate limit was 1,000 mm,/min, the end milJ. v¡as

eval-u.ated as "good" and by .râting "BB." In Ehe case where a

plobÌem (e.g,, chipping) did not occur in an end mil-I, and

Ehe average roughness Ra of the machined su¡face of a

workpiece was 4 Fm or less at the time when the feed rate

Limit was 1r500 mm/min, the end mill- was evaluated as "good

high-rate feed" and by rating "AÄ"' fn the case where

L47

21 Carbide Equal separation 0.02 0.02 0.03 3 0.09 Good  22 Carbide Equal separation 0.05 0.04 



chÍpping occurred in an end míII, or the average roughness

Ra of the machined surface of a storkpiece exceeded 4 ltm at

the time when the feed rate limit was l-ess than 1,000

mm/min, the average machined surface roughness Ra was

recorded thereupon, and the end mill was evaluated by rating

"CC. " Table 82 shows the specífications of the end mil-l-s

sampl-es tested and the resu].ts of the test.

t02811
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lo282l

As a result, in the cases of Invention Exampl-es 86 to

823, neither chipping nor fracEure occurred, and the average

surface roughness Ra wâs 4 I¡m or less at the tirne when the

feed rate limiE was 1,000 mm,/min '' Ì. e-, hj.gh-feed-rate

ma ch ini ng wa s achi eved. Pa.r t i cuL a r J.y, ín the cas es o f

Inventron Examples .86 to B14 and 823, no problem (e-g-.

chj.pprng) occurred, and the ave.rage machined surface

roughness Ra tJas 2.0 ¡rm or l-ess at the time v¡hen the feed

¡ate lrm¡-t was 1,500 mm/min.' Í,e,, high perfo.rmance at high

feed rate was aclríeved, and surface rnachining with hrgh

accuracy was secu¡ed, Furthermore, in the case of Invention

Exarnple 823, in wh:-ch each gash was conposed of a plurality

of surfaces, the besE result was obEained (i-e-, feed rate

l-irnit of 2,2 00 mm,/mln).

t o28 3l

The data of Invention Examples 86 to BB and 821

indicate Ehat feed rate Iimit is considerably varied wíth

the shape of a porEiôn connect j.ng the bottom end of each

nick and a tool-shank-side rounded portron (curvature radius

R2) of the nick, and the best result is obtarned by

connecting the. bottom end of each nick to a tool-shank-side

rounded portion (curvature radius R2) of the nick vía a

straíght portion.

t02841

In the case of comparaEive Example 82, chipping

occurred at the time when the feed rate was 800 mm/min-

749
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This indicates that strength becomes insufficient when the
curvatute radius R1 of a tool-end-side ¡ounded portron of
each nick is egual to the curvatu¡e radrus R2 of a tool-_

shank-side rounded portion of the nick, and the curvature
Iadius R2 is as small as 0.2 mm. In the case of Comparative

Example 83, line-shaped marks wefe formed on the ¡nachined

surface of a workpiece after cutting at a feed ¡ate of 500

mm/min, and the average surface roughness Ra exceeded 4 Um

(i.e., 4,58 ¡m). This indicates that when Che curvature
radius of a tool-end-side rounded portion of each nick is
greater than that of a Eool-shank-srde rounded portion of
tbe nÍck, a force of pressing the machining surface tô the
t ool--shank- s Í de rounded portion becomes 1arÇe, and thus
J-ine-shaped ma¡ks are fo¡med on the machined surface,
resuì-t ing Ín Ìarge average su rface roug,hnes s Ra .

t028sI

In the case of ConventÍonal Example 84, chrppÍng

occurred upon machining at a feed rate ôf 500 rrun/min, and

the average su.rface roughness Ra became 4 ,54 ¡m. In the
case of Conventional Exampl-e 87, chrpping occur¡ed at a feed
rate of 400 run/min, and the average surface roughness Ra

became 4.54 ¡rm. Thís indicates L¡hen rounded portr.ons are
not provided on the Eool end side and the tool- shank side of
each nick. strength is reduced, and chipping occurs upon

high-feed-rate machining.

lo286l

fn the case of Conventional- Exerhple 85, rn which each

1s0

0 0  Chipping  12 Carbide Equai separation 0.06 0.02 0 6  Chipping  13 



nrck was fo¡med to have the same shaPe as in ConvenEiona]-

ExampLe 84, and rorrnded portions were provided on the EooJ

end side and tool shank srde of each nick, chÍppíng occurred

upon machining at a feed rate of 700 mm/rnín- In the case of

Conventional Example 86, chipping occurred on the tool- shank

side of nicks upon machínrng at a feed rate of 800 m¡n/min.

Thrs indicates that Hhen Ehe curvature radi-us Rl of a tool-

end-síde rounded porEion of each nick is equal to tbe

curvature radius R2 of a t oo 1-sllank-s ide rounded port.:.on of

the níck, strength is not enough, and when a porEion

connectrng each níck and a corresponding peripheraJ- cuttrng

edge has a concave shape, strength of the peripferal cuttrng

edge is fu.rther reduced, and chípping occurs,

t02871

As is clear f¡orn the data of Example Bl' and Example 82,

chattering vibratlon is reduced and chipping resistance is

improved by a synergistic effect of optlmal phase deviation

amount an d nick shape, an d thì.rs high-per f ormance rnach j.ning

is relrabÌy performed through h:.gh-speed cuttrng- It was

a]-so fou¡d that cutting at a speed considerably hrgber than

a conventional- cutEing speed requires provision of rounded

portrons on the tool end side and the Eool shank side of

each nick, as qel-I as opEimrzation of the shape of each

nick .

t02881

( Exampl e C 3. )

In ExampÌe C1, Ehe shape of gashes suitable for the

151

High-speed tool steel Equal separation 0.06 0.02 0 6  Breakage Comparative Exampie C 8 Carbide
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carbÍde end nill- of the p.resent ínventÍon (i.e., the end

rnill having second and thrrd gash surfaces) was determrned.

The end miII of the present invention was compared with a

conventional carbrde end mil-l having no third gash surface,
a carbide end mill described in patent Document 5 in which

gash notch angle Ís specifred, or a ca¡bide end miII
descríbed in Patent Document 6 in which the angle of a gash

provided on the peripheral side of the end mrl.l is rendered.

larger than the angle of a gash provided on the side toward

the rotational center of the end mrII.

lo289l

fn fnvention Examples C1 to C12, Conventíonal Examples

CI to C3, and Comparative Examples Cl to C6, end míIIs, each

having four wavy perípheral cutting edges, were produrced

from a carbide base having a Co content of I Ht.l and a tnean

fJC grain size of 0.8 ,rn (tool diameterr 8 nrn, cutting edge

length: 15 mrn, toEal l-ength: 70 mm, shank diameter: g mm.

wavefo¡m pítch: 1 mm, helix angì-e: 45.) . Each of the end

rnills (samples) was coated with a hard coat for¡ned of an Si-
containing (TiAÌ) N compound.

IO29o)

In Exampl-e Cl., each end mrll- was produced so as to have

the following wevy pe¡rpheral cutting edges. SpecificaIIy,
a first wavy perÍphe¡el cutting edge was considered a
reference peripheral cutting edge, ând the remaining (second

to fourth) perÍphelâl- cutting edges were deviated from the

respective reference phases of the reference peripheral

L52

0 6  Chipping  [0335]        The results of Example 04 are as follows. In the cases of Invention
Examples C19 to C23, one concave portion was formed through stable machining. Particularly, when
the amount of deviation from the reference phase was 1 to 3%, wear width was as small as 0.1 mm or
less. In the case of Conventional Example C10, although gashes were formed to have an optimal
shape, chattering vibration occurred during lateral-feed machining, and fracture occurred in end
cutting edges after formation of one concave portion through machining of peripheral cutting edges. In
the case of Conventional Example 011, chattering vibration was reduced by unequal separation, and
one concave portion was formed through machining. However, chips generated by end cutting edges
during oblique cutting were jammed in small grooves of peripheral cutting edges, resulting in
occurrence of chipping. [0336]        In the case of Conventional Example C12, the amount of deviation
from the reference phase was as large as 6%, and thus chipping occurred in peripheral cutting edges
to which the heaviest load was held. In the case of Conventional Example 013, the end mill, which
was produced from highspeed tool steel, exhibited low tool rigidity, and breakage occurred during
oblique cutting immediately after initiation of cutting. In the case of Comparative Example 010, similar
to the case of Conventional Example C12, the amount of  deviation from the reference phase was as
large as 6%, and thus chipping occurred in peripheral cutting edges to which the heaviest load was
held. The results obtained in the cases of carbide end mills having nicked peripheral cutting edges
were almost the same as those obtained in the cases of end mills having wavy peripheral cutting
edges (Example C2). [0337]       Examples D shown below in tables are classified into Invention
Examples, Conventional Examples, and Comparative Examples, and samples in Invention Examples,
Conventional Examples, or Comparative Examples are represented by serial numbers. In the
below-described Tables D1, D2, and D3, the composition of an innermost layer, an outermost layer, or
an intermediate layer forming a hard coat is represented by atomic% (inside of parenthesis) or atomic
proportion (outside of parenthesis). For example, the composition of an innermost layer forming a
hard coat of sample No. 1 shown below in Table D1 is represented by the following formula:
(Ti45-A155)N. This representation refers to a compound containing Ti45-A155 (i.e., Ti (45
atomic%)-Al (55 atomic%)) and N in atomic proportions of 1 : 1. [0338] (Example D1) 



cuttrng edge, wherein the dístance of the refe¡ence phase Ís

a value obtained by equal-ly quartering the wâveform pÍtch of

the reference peripheral cutting edge, In a second travy

peripheral cutting edge, the phase devration amount was

adjusted lo 2t of tbe !'raveform pitch (i.e.' 0.02 mm) . In a

third wavy per:-pheral cuEEing edge, the phase deviatíon

amount was adjusted to 0* of the waveform pítch (i.e., 0

mm). In a fourth wavy perípheral cutting edge. the phase

deviatÍon amount was adj usted to 2t of the waveform pitch

(i.e., 0.02 mm) .

lo29rl
In Invent1on Examp.Les CI to C5 and Compa¡atj.ve Examples

C1 and C2, a second gash angle was adjrr.sted to 50', and the

lengtb of â connection portion 58 between a second gash

surface and a Elrird gash surface was adjusted to 99 of the

tooJ. diameter (i.e., 0.72 mm) as measured from the tool

rotation axis, In Invention Examples Cl to C5, first gash

angles were adjusted to 15', 2Oo, 25", 30", and 35',

respective.ì-y, and, in Comparatlve Examples C1 and C2, first

gash angles were adjusted to 10o and 40", respectrvely.

IO292l

In Invention Examples C6 !o C9 and Comparative Exarnples

C3 and C4, a fj-rst gash ang]-e was adjusted to 25', and the

length of a connectiôn portion 58 betr'¡een a second gash

surface and a third gash surface was adjusted to 98 of the

tôol- diameter (i.e., 0.72 mm) as measured from the tool

rotation axis. In Invention Examples c6 to c9. second gash

153

In Example D1, particularly, the optimal amount of deviation of wavy peripheral cutting edges from the
respective reference phases was determined in various end mills coated by different surface
treatments.          In Invention Examples D1 to D12, Comparative Examples D1 and D2, and
Conventional Examples D1 to D3, end mills, each having four wavy peripheral cutting edges, were
produced from a carbide base having a Co content of 8 wt.% and a mean WC grain size of 0.8 rim
(tool diameter: 8 mm, cutting edge length: 16 mm, total length: 70 mm, shank diameter: 8 mm,
waveform pitch; 1 mm, helix angle: 45') Each of the end mills was subjected to a cutting test. In
Conventional Example D4, an end mill having four wavy peripheral cutting edges was produced from
high-speed tool steel (tool diameter: 8 mm, cutting edge length: 16 mm, total length: 70 mm, shank
diameter: 8 mm, waveform pitch: 1 mm, helix angle: 450). The end mill was also subjected to a cutting
test. [0339]        In Invention Examples D1 to D5, Comparative Example D1, and Conventional
Examples D1 to D4, in order to evaluate the shape effect of wavy peripheral cutting edges of the end
mills, all the end mills of these Examples were subjected to the same surface treatment (i.e., coating
with a hard coat including a TiAlN innermost layer and a TiSiN outermost layer), except for the end
mill of Invention Example D4, in which a TiAlSiN intermediate layer was employed. In each of these
Examples, the hard coat was formed of a composite layer through arc discharge ion plating. In
Comparative Example 02, surface treatment was not applied. [0340]         In Invention Example D1, an
end mill having the following wavy peripheral cutting edges was produced. Specifically, a first wavy
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were deviated from the respective reference phases of the
reference peripheral cutting edge, wherein the distance of the reference phase is an amount
corresponding to a value obtained by equally quartering the waveform pitch of the reference
peripheral cutting edge. In a second wavy peripheral cutting edge, the phase deviation amount was
adjusted to 1% of the waveform pitch (i.e., 0.01 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 01 of the waveform pitch (i.e., 0 mm). In a fourth wavy
peripheral cutting edge, the phase deviation amount was adjusted to 1% of the waveform pitch (i.e.,
0.01 mm). [0341]        In Invention Example D2, an end mill having the following wavy peripheral
cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a
reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated from the above-obtained respective reference phases. In a second wavy peripheral cutting
edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third
wavy peripheral cutting edge,  the phase deviation amount was adjusted to 0% of the waveform pitch
(i.e., 0 mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 2$
of the waveform pitch (i.e., 0.02 mm). [0342]       In Invention Example D3, an end mill having the
following wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of the
waveform pitch (i.e., 0.02 mm). In a third wavy peripheral cutting edge, the phase deviation amount
was adjusted to 3% of the waveform pitch (i.e., 0.03 mm). In a fourth wavy peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). [0343] 



angles rdere adjusted tô 40', 45", 55", and 50o, ¡espectively,
and, in Comparative Examples C3 and C4, second gash ang]-es

were adjusted to 35" and 65', respectively.

t0293l

In fnvention Examples CI0 to Cl-2 and ComparatÌve

Examples C5 and C6, a frrst gash angle was adjusted to 25",

and a second gash angle was adlusted to 50'. In Invention
Examples C10 to C12, the length of a connection portÍon 58

between a second gash surface and a third gash surface Has

respectively adj usted to 53'. 10*, and 159 of the tool
diamete¡ as measured from the tool rotation axis, and rn

Comparative Examples C5 and C6, Lhe Ìength of a connection

portion 58 between a second gash surface and a third gash

surface Has respectrvely adjusted to 0t and 3t of the tool
diameter as measured from the tool rotation axis.

102941

.In ConvenLional Example C1. an end mill having a first
gash angle of 25" and having no third gash surface was

p.roduced. In Conventional- Exampl-e C2, ãî end miII was

produced so as to have the same specification as descríbed

in Patent Document 6, in whrch the length of a connection

portion 58 between â second gash su¡face and â thrrd gash

surface was adjusted to 20+ of the tool dianeter (Í.e., 1-.6

run) as measured from the tool rotation âxrs, a first gash

angle Has adjusted Eo 25", and a second gash angl-e was

adjusted to 50'. In Conventional Exampl-e C3, an end milL
was produced so as to have the same specificâtion as shown

t54

In Invention Example D4, an end mill having the following wavy peripheral cutting edges was
produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral
cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated from the
above-obtained respective reference phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted to 5% of the waveform pitch   (i.e., 0.05 mm). In a third wavy
peripheral cutting edge, the phase deviation amount was adjusted to 3% of the waveform pitch (i.e.,
0.03 mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 4% of
the waveform pitch (i.e., 0.04 mm). [0344]        In Invention Example D5, an end mill having the
following wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second wavy peripheral cutting edge, the phase deviation amount was adjusted to 2$ of the waveform
pitch (i.e., 0.02 mm). In a third wavy peripheral cutting edge, the phase deviation amount was
adjusted to 0% of the waveform pitch (i.e., 0 mm). In a fourth wavy peripheral cutting edge, the phase
deviation amount was adjusted to D% of the waveform pitch (i.e., 0 mm). [0345]        In Invention
Examples D6 to D12, the phase deviation amount (%) of wavy peripheral cutting edges of each
example was adjusted to fall within a preferred range of the present invention (i.e., 2$ to 3%), and the
end mills of these Examples were subjected to different surface treatments (i.e., coating with different
hard coats). The thus-treated end mills were subjected to a cutting test. In each of the  surface
treatments, a hard coat was formed of a composite layer through arc discharge ion plating. The
composite layer were formed with layer selected from an innermost layer, an outermost layer, and an
intermediate layer as shown in Table Dl. A hard coat having no intermediate layer in Table D1,
two-layer hard coat was formed of an innermost layer and an outermost layer having the compositions
shown in Table D1, or stacked layers of the coat were formed by repeating the aforementioned
compositions wherein at least the innermost layer and the outermost layer have the compositions
shown in Table Dl. [0346]       In Comparative Example D1, an end mill having the following wavy
peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral cutting edge, the phase deviation amount was adjusted to 6% of the waveform pitch (i.e.,
0.06 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the waveform pitch (i.e., 0 mm). In a fourth wavy peripheral cutting edge, the phase deviation amount
was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In Comparative Example D2, an end mill
was produced in the same manner as in Invention Example D2.  L0347]        In Conventional Example
D1, there was produced an end mill having wavy peripheral cutting edges of constant phase deviation
amount, wherein, in each wavy peripheral cutting edge, the amount of deviation from the reference
phase  (i.e., 1/4 of the waveform pitch of the reference peripheral cutting edge) was adjusted to 0%.
In Conventional Example D2, there was produced an end mill having wavy peripheral cutting edges of
constant phase deviation amount with different separation angles (i.e., 95, 85, 95, and 85), wherein, in
each wavy peripheral cutting edge, the amount of deviation from the reference phase (i.e., 1/4 of the
waveform pitch of the reference peripheral cutting edge) was adjusted to 0%. 



in FIG. I of Patent Document 5, in whrch the length of a

connection po.rtion 58 between a second gash surface and a

Ehird gash surface was adjusted tô 23.5t of the tool

diameter (i,e,, 1.16 mm) as measured from the tool rotat j-on

axis, a firsE gash angJ-e was adjusted to 25", and a second

gash angJ-e r,{as adjusted to 50".

Ío2951

In ExampJ-e C1, each of the above-produced 21 end míIl-s

was ernployed for machining of pre-hardened sueel having a

hardness of HRC 40 (1.e., workpiece) so as to form a concave

portion (50 mm in width, 50 mm in length, 24 mm ín depth) .

For comparison of the end mrlls, each end mil-l was Eested

through machining of the workp:-ece by a cutting Prôcess

r-ncluding a step of oblique cutting until- a depth of I mrn'

and a subsequent step of lateral-feed machining untiJ- a

wrdth of 50 mm and a length of 50 mm, which process was

performed thrice unt j-I a depth of 24 mm'

lo296l

In the case of conventional end mil-l-s. a cuttíng speed

of 100 m/mj-n is enough for hrgh-speed cutting of a workpiece

having a hardness of HRc 40, In contrast, in Example CI,

cLrtting q¡as carried out under the foJ.Iowing conditions I

rotational speed: 6,000 rotations,/mín (cutting speedr 150

m/min), feed ratei 1,920 mm/rnin (0.08 mm of feed Per cuttrng

edge), amount of cutting in axial dírection: 8 mm, amount of

cutting in radial direction: 2 mm, feed rate uPon obJ-:-que

cuttrng: 1,200 mm/min, and tíl-t angle I 10''
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[0348]        In Conventional Example D3, as described in Patent Document 2, a hard coated end mill
employed for a cutting test (phase deviation amount: 6%) was produced from highspeed tool steel.
Specifically, a first wavy peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (second to fourth) peripheral cutting edges were deviated from the above-obtained
respective reference phases. In a second wavy peripheral cutting edge, the phase deviation amount
was adjusted to 6% of the waveform pitch (i.e., 0.06 mm). In a third wavy peripheral cutting edge, the
phase deviation amount was adjusted to 0% of the waveform pitch (i.e.., 0 mm). In a   fourth wavy
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e.,
0.02 mm). [0349]        In Conventional Example D41 an end mill was produced from high-speed tool
steel in the same manner as in Conventional Example D3. Each of these end mills produced from
high-speed tool steel was coated with a hard coat according to the present invention, and the
thus-coated end mill was compared (for evaluation) with a hard coat-coated carbide end mill.        In
each of the end mills of Invention Examples D1 to D12, Comparative Example D1 and D2, and
Conventional Examples D1, D3, and D4, wavy peripheral cutting edges were formed so as to have the
same separation angle. [0350]        Each of the thus-produced 16 end mills of Example D1 (exclusive
of the end mill of Conventional Example D4 produced from high-speed tool steel) was subjected to a
cutting test employing a workpiece (die steel SKD61 for hot working having a hardness of HRC 40).
Cutting was carried out under the following conditions: rotational speed: 6,000 rotations/min (cutting
speed: 150 m/min), feed rate: 1,600 mm/min (0.06 mm of feed per cutting edge), amount of cutting in
axial direction: 4 mm, and amount of cutting in radial direction: 4 mm. For evaluation of each end mill,
peripheral cutting edges thereof were observed every 5 m  cutting, and wear width was recorded.
[0351]       When wear width was 0.15 mm or less, and none of breakage, fracture, and chipping
occurred in an end mill until 50 m cutting, the end mill was evaluated as "good." When the wear width
of peripheral cutting edges of an end mill exceeded 0.15 mm until 50 m cutting, cutting was stopped
upon observation of the wear, and the cutting length and the wear width were recorded. When
breakage, fracture, or chipping was observed in peripheral cutting edges, cutting was stopped upon
observation of breakage, fracture or chipping, and then cutting length was recorded. [0352]        In
Conventional Example DA, in which the end mill was produced from high-speed tool steel, cutting was
performed under much milder conditions than those employed for testing of a carbide end mill; i.e.,
rotational speed: 1,200 rotations/min (cutting speed: 30 m/min), feed rate: 150 mm/min (0.03 mm of
feed per cutting edge), amount of cutting in axial direction; 4 mm, and amount of cutting in radial
direction; 4 mm. The results are shown in Table DJ_ 
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When one concave portj-on having the aforementíoned

d imens ions r"ras f o rmed by mean s o f an end miII, the end mi I l-

was evaluated as "good. " When fracture Hes observed in an

end mill- after machlning, or breakage was observed rn an end

miII during machrning, these obse¡vations were recôrded.
The results are shown in Table Cl.
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Sample Pro. Base of end mill Separation of cutting Phase deviadoe DMOW'rt{inm ) Phase devialkn
amount (%) Type or surface treatment Cutting length Wear width {mm) Evaluation 



Sample No, Flrst gash angle (')

invention
Example C

z

I

4

5

tç

6

Second gash angle
(')

20

,5

8

C¡nventional
Exåmple C

30

I

l5

ln

z5

u

,5

Length of
connection portion

(mm)

t7

50

25

Com para tìve
Example C

L

5n

çn

)s

3

50

2A

EN

)5

2

40

25

0.72

45

I

Per€ent¿ge
(%)

n7)

tt

55

25

o.72

5

filt

Ít

i7)

Â

50

¿m

0.72

50

Wear widür
(mm)

n

çn

9

)\

n -t2

q

¿5

0

\I)

9

,5

Õ74

çô

q

0.4

0.05

5Iì

9

Evaluation

s0

nn4

t) tt

rl

0.03

t)

g

=o¡'q
o
arPÔ

N
\o
.n

65

îna

9

0.05

50

Grnrl

lñ

1.16

çn

ll (l ¡r

G.xld

5

0.05

n -12

Gmd

lt)

D.t2

004

15

CrYì¡.|

D.72

006

Good

o.t2

0.08

GrYYt

tn

t) nç

23.5

Good

tl

0.06

n2Á

(irYYi

q

Good

I

Grrri

q

¿:ñaì¡l

I

coôd

ft

Hípãk¡atê

I

Fractu re

FrarlL r re

Fracture

Fârl|)tP
Fi¡ah rrô

Fradure
Frârtr trÊ

Fradure

argels Second wpce Third wpte Fourth wp:e  Innermost layer Outermost layer 'Intermediate tayet    
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As a result, in the cases of Invention Exampl-es Cl to
C12, jamrning of chips did not occur. and both oblique
cutting and l-ateral-feed machining were stably performed.

In cont.rast, j-n the case of Conventional Exampl-e CI, due to
the absence of a thi¡d gas surface. chip pockets of end

cutting edges becane small, and I anuning of chips occurred,

resulting Ín breakage during obJ.Lque cutting J.mmediately

after initiatron of machining, In the cases of Conventional

Exemples C2 and C3, one concave portion qas formed through

machÍning, but a longer length 58 of a connectÍon portion
between a second gash surface and a thírd gash surface

causes jamming of chips, resul-trng in large fractu¡e in the

vicinity of the tool .rotatio¡ axis of end cutting edges,

t 0300l

In the case of Comparative Exemple C1, due to a small

first gash angle of f0'. chip pockets of end cutting edges

became small, and jammíng of chrps occurred, resulting rn

breakag'e durr-ng oblÍgue cutting j-mmedrately after initiation
of machining, In the case of ComparaEive Example C2, due to

a larq'e first gash angle of 4 0., rigidrty becarne

insufficient, and large ftacture occurred in the vicinity of
end cutting edges during lateral--feed machining. In the

case of Cornparative Exampl-e C3, due to a smaLl- second q.ash

angle of 35', ch j-ps were difficul-t to be removed through
peripheral crrtting edge grooves. and jammíng of chips

occurred, resulting in f¡actu¡e of peripherel cutting edges
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durrng laEe¡al-feed machining, In the case of Comparative

Example C4, due to a l-arge second gash angJ-e of 65",

rigídity became insuffÍcient, and l-arge f¡acture occurred tn

peripheral cuttíng edges and end cutting edges during

Iateral-feed rnachj-ning. In the cases of Comparatrve

Examples C5 and C6/ due to a shorter length of a connection

portion between a second gash surface and a third gash

surface, rigid:-ty was reduced in the vrcinity of the center

of the tool axrs of end cutting edges, resulting in fracture

after machining.

t0301j

(Example C2)

In Exampl-e C2, the optirnal amount of deviation of the

refe¡ence phase ú¡as dete¡mined, In Inventron Examples C1'3

Eo C17, Conventional ExampJ-es c4 to C7, and ComParative

Example C7, end míIIs were produced such that a fr.rst gash

angle was 25", a second gash angle was 50o, ând the l-ength

58 of a central connection portion was 93 of the tool

dia¡neter (i.e., 0.72 mm) as measured from the tool rotation

axl.s.

t0302l

In I nvent ion Exampì-e C13 , an end mill havlng the

following wavy peripheral cutting edges was produced'

SpecrficaJ-J-y, a first wavy peripheral cutting edge Has

consrdered a reference peripheral cutting edge, and the

remarning (Becond to fourth) perr-pheral cutting edges were

deviated from the respective refe¡ence phases of Ehe

1s9
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reference peripheral- cutting edge, e¡herein the dÍstance of
the reference phase is an amount corresponding to a val-ue

obtained by equally quartering the waveform pitch of the

reference peripheral cutting edge. In a second wavy

peripheral cutting edge, the phase deviation amount was

adlusted tô lt of the waveform pitch (i.e./ 0.01. mm) . In e

thrrd wavy peripherel- cuttrng edge/ the phase deviation
amount was adjusted to 1S of the !ùaveform pitch (i,e., O.0I

mm). In a fourth wavy periphe.ral cutting edge, the phase

deviation âmount !ùas adjusted E.o 0i- of the waveform pitch
(í.e., 0 mm) .

t 0303l

In Invention Example C14, an end mill- having the

followinq' wavy perrpheral cutting edges was produced.

SpecifÍcally, a first wavy peripheral cutting edg'e was

considered a .reference peripheral cutting edge. and the

remaining (second to foulth) perlpheral cutting edges were

devíated from the above-obtained respective reference

phases. In a second wavy peripheral cu[ting edge, the phase

deviation amount was ad¡usted to 2t of the waveform pitch
(r.e., 0.02 mm) . In â third wavy perrpheral cutting edge,

the phase deviatíon amount was adjusted to 29 of the

waveform pj-tch (i.e., 0,02 m¡n) . In a fourEh wavy peripheral

cutting edge, the phase deviation arnount was adjusted to Ot

of Ehe !ùavef o.rm pitch (i . e . , 0 mm) ,

t0304ì

In Inventiôn Example C15, an end nill having the

160
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fottowing wavy periphe.ral- cutting edges was produced,

SpecrficaJ-J-y, a frrst wavy peripheral cutting edge was

consldered a reference pe¡ipheral cuttÍng edge, and the

remâining (second to fourth) peripheral cuttíng edges were

deviated from the above-obtained respective reference

phases. In a second r.,avy peripheral cuttrng edge, the Phase

deviatíon amount was adjusted to 29 of the waveform pitch

(i.e., 0,02 mrn). In a thrrd wavy peripheral cutting edge,

the phase deviation amounE was adjusted to 2t of the

waveform pitcb (i.e., 0.02 mm) , In a fourth wavy peripheral

cutting edge, the phase deviation amount was adjusted to 3&

of the waveform pitch (i.e., 0.03 mm),

l o30s l

In Inventj.on Example C16, an end mill having the

followrng wavy perrpheral cutting edges was produced.

Specifrcatty, a first wavy periphera.L cuttíng edge was

considered a reference peripheral cutting edge, and the

remaining (second to fourth) perrpheral cutting edges were

devrated from the above-obtained respective reference

phases. In a second wavy per:-phe¡a1 cutting edge, the Phase

deviatj-on amount was adjusted to 5* of the waveform pitch

(i.e., 0.05 mm) . In a third wavy peripheral cutting edge,

the phase deviation amount was adjusted to 4t of the

waveform pitch (i.e,, 0,04 mm). In a fourth wavy peripheral

cutt ing edge, the phase devr at j-on amount !,J as adj us ted t o 3 B

of the waveform pitch (j. , e. , 0. 03 nm) .

t 0306l

'1.61
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In Invention Exampl-e C17, an end miII havrng the
followÍng wavy peripheral- cuttlng edges was produced.

Specifical-ì-y, a first wavy peripheral- cuttÍng edge was

considered a reference peripherat cutting edge, and the
relnãining (second to fourEh) peripherat cutting edges were

deviated from the above-obtained respective reference
phases. In a second wavy perrpherâl- cuttrng edge, Lhe phase

deviation amount was adjusted to 2.t of the waveforrn pitch
(i.e., 0.02 mm) . In a third wavy perípherat cutting edge,

the phase deviation amount Hâs adjusted to Ot of the
wavefôrm pitch (i.e., 0 mm). In a fou¡th wavy perrpheral
cutting edge, the phase deviation amount was adjusted to Oã

of the waveform pitch (i.e., 0 mm).

t 030? |

In ConvenE.ional Example C4, there rras produced an end

miII having wavy perÍpherâl cutting edges wrthout deviatíon
from the ¡efe¡ence phase, In ConventionaÌ Exampl-e C5, there
was produced an end mrll havj.ng wavy perrpheral cutting
edges with differenL separation angles (i.e., g5", 95", g5.,

and 95o) and without devÍation f¡om the refe¡ence phase.

t0308 l

In Conventional Example C6, an end mill havíng the
following wavy peripherâl cutting edges was produced.

SpecifrcalJ-y, a fi_rst wavy peripheral cuEting edge was

considered a reference perÍpheral cutting edge, and the

remarning (second to fourth) peripheral cutting edges were

deviated frorn the aboye-obtained respective reference

t62
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phases. In â second wavy Peripheral cuttang edge, the phase

deviatron amount was adjusted to 6B of the waveform pitch

(i.e., 0.06 mm) , In a third wavy periphera.ì- cutting edge,

the phase devration amount was adjusted to 2f of the

waveform pitch (i.e., 0.02 mm) . In e fourth wavy perÍpheral

cuttj.ng edge, the phase deviâtlon amount was adjusted to 0t

of the hraveform pitch (r.e., 0 mm).

t0 30 91

In Conventional Example C7, an end miLL having the

following wavy per j.pheral- cuttrng edges was produced-

Specificatly, a first wavy peripheraJ- cutting edge was

considered a reference peripheral cuEting edge, and the

remaining (second to fourth) peripheral cutting edges were

devrated from the above-obtained respecEive reference

phases. In a second wavy peripheral- cutting edge, the phase

deviation amount was adjusted to 6t of Ehe waveform piEch

(i.e., 0.06 mm). In a third wavy peripheral cuEting edge,

the phase devÌation amount wâs adjusted to 2t of the

waveform pitch (i.e., 0.02 mm) , In a fourth wavy peripheral

cutting edge, the phase deviation amount was adjusted to 0t

of the waveform pitch (i.e., 0 mm) .

[0 310 ]

In Comparatrve Example C7, an end mil-l- having the

foJ-towing wavy perr-pheral cuEting edges was produced-

SpecifícaÌIy, a fr.rsE wavy peripheral cutting edge was

cons idered a re f e rence pe r.:.ph e ral cu t t ing edge, and the

remainíng (second Eo fourth) peripheral cuttrng edg'es were
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devÍated from the above-obtaj.ned respect j.ve reference
phases. In a second wavy perÍpheral cutting edge, the phasè

deviation amount was adjusted to 6.9 of the waveform pítch
(i,e., 0.06 run), In a third wavy perípheral cuttÌng edge.

the phase devÍation amount was adjusted to 6* of the

wavefo¡m pitch (i.e., 0.06' nm) , In a fourth wavy peripheral
cutting edge, the phase deviatiôn amount was adjusted to 0S

of the waveform pitch (i.e., 0 mm) .

t03111

In Invent ion Examp.l-es C l. 3 to C17 , Convent ional Examp l es

C4 to C6, and Comparative Exarnple C7, end mill-s were

produced from a carbide base having a Co content of 8 ¡¡E.,å.

and a meen WC grain size of 0.8 pm. In Conventionel Example

C7, an end miII was produced from a high-speed tool- steel-

base. Each of the end mil-l-s r,¡as p.roduced so as to have four
wavy peripheral cutting edges (tool diameter: I mm, cutting
edge length: I6 mm, total length: 70 mm, shank diameter: g

nm, !ùaveforrn pitch: 1 rnm, helix angle: 45.) , Each of the

end rnil-Is (samples) r{as coated with a hard coat formed of an

SÍ-containing (TiAl ) N compound.

103121

The type of a workpiece, cutting conditrons, and [he

shape of machrnrng were the same as in Exarnple Cl, and

evaluatÍon of each end mil-l- was carried out in the same

manner as j.n Example C1 . Specificallyr afteL formation of
one concave portion through machining, the wear width of end

cutting edges $¡es measured and recorded. In Conventional

t64
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Example c?, in which the end mrLl was produced frorn hrgh-

speed tool steel, cutting was performed under rnuch milder

conditions than those empÌoyed for testing of a carbrde end

m¡-l-I,' Í,e., rotational speed: 1,20 0 rotatrons/mrn (cutting

speed: 30 m/min) , feed rate: l-50 mm/min (0-03 rnm of feed per

cutting edge), amount of cutting Ín axial- direction: I mm,

amount of cuEEing in radial direction i 2 Tnm, feed rate upon

oblique cutting: ?0 mm/min, and tilt angJ.e: 10"- The

results are shown in Table C2.

16s
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Sample No.

Inventlon
Example C

Base of end mill

13

74

C¿rblde

15

Separadon of
cutting edges

Carbide

16

Conventional
Example C

Carblde

17

Equal
çFnårâlÌ^ñ

Cârbide

4

s€con0
wavy

peripheraJ

Phase devjatlon amount (mm)

Equal
çF tìåtâf¡.ì n

Comparative
Fvârññlô a

C¿rôide

5

Equal
senerâfi.rñ

Carbide

6

Equa¡
Eêr}âråtlôn

Thfrd wavy
peripheral

:utlng edge

0

Carbide

.01

7

t!ual
sênarellñn

o.o2

Càrbide

Hlgh-sp€ed bol
çtFpl

7

Equal
sebâraflnn

Fourth wavl
peripheral

cutting edg(

0.02

0 .01

Unequal
s€Defâlinn

0 ,0s

Carbide

0.02

Phase

devlation
amount

(0,6)

Equôl
seDatation

0,02

0.o2

0

Equal
seDarâtion

0

0 .04

Equal

seoaÌation

U

Wea r
wldth
(mm)

U

0,03

0

1

0,06

0.03

0

Evaluation

2

0,06

0,1

=otl

¡t
tlNo

.9

3

0,06

0,08

0.02

0

5

Good

0.09

0.02

0

2

Good

0

0.12

.06

0

0

Good

0 .08

0

0

Good

(,1

6

Good

Fncture

5

Chlppins

6

Chlpping

B rea kag e

Chlppìng
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t0314 l

As a resul-t, in the cases of Invention ExamPles C13 to

C17, one concave portion was formed through stable

machinrng. Particularly, when the amount of deviation from

the reference phase was 1 Eo 3T, wear width was as smaII as

0.1mm o¡ l-ess,

t 03151

In the case of conventional Exarnple c4, âl-though gashes

were formed to have an optimal shape, chatterrng vÍbratíon

occurred during lateral-feed machining, and fract.ure

occurred in end cutEing edges after formation of one concave

portion of Ehe work through machining, In the case of

Conventíonal Example C5, chattering vibration vJas reduced by

rrnequal separation, and one concave Portion was formed

Ehrough rnachining. However, chips generated by end cutting

edges durì-ng obligue cutting were jammed in smal-I grooves of

peripheraJ- cutting edges. resulting tn occurrence of

chipprng ,

t 0316l

In the case of conventional Example c6, the amount of

deviation f¡orn the reference phase was as Ìarge as 6å, and

thus chipp.:.ng occurred in peripheral cutting edges to whrch

the heaviesE Ioad was held. In the case of conventlonal

ExampÌe C7, the end mi11, whrch was produced from high-speed

tool steeI, exhibited low tool rigidity, and breakage

occur¡ed during oblique cuttrng immedrately after initiation

of cuEting. In the case of Comparative Example C7. similar

1,67
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to the case of Conventional Example C5, the amount of
devration from the reference phase was as large as 6å, and

thus chrpping occurred in peripheral cutting edges to whrch

the heaviest load was held.

[ 03] 71

(ExamÞle C3)

In Example C3, end nil-l-s of Inventíon Example and

Conventional Examples were tested to investigaEe feed rate
fimit. An end mill- of fnvention Exampl-e C1g !,as produced in
the same manner as in fnvention Example C3 (Exampl-e Cl),. an

end mil-l- of Conventional Example CB wes produced in the sarne

manner as in Conventional Example C3 (Example C1); and an

end miII of ConventionaJ- Example C9 (i.e,, unequally-
sepa¡ated product) was produced in the same manner as in
Conventional Example C5 (Example C2). Each of the end mills
was tested to investigate feed rate limit by using

structu¡aI steel as a workpiece.

i 0318 l

In Invention Example C18 and Conventional Examples Cg

and C9, end mil-l-s, each having four wavy peripheral cutLing
edges, were produced from a carbide base having a Co content

of 8 wt.t and a mean f{C grarn sÍze of O.B Am (tooJ- diameter:
I mm, cutting edge length: 16 mm, totâI length: ?0 rnm, shank

diameter: I mm, waveform pítch: 1 mm, helrx angJ-e: 45") .

Each of the end mills (samples) was coaEed with a hard coat
formed of an Si-contaíning (TiAÌ)N compound. Cutting
conditions we.re as foll-ows: rotational speed: g,0OO

r68
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rotatj-ons/min (cuttingr speed; 200 rnlmin) , feed rate: 2, 800

mm./rnin (0.09 mm of feed per cutting edge), and amount of

cuttrng ín axial- dÍrection: 4 rnm.

t031.9l

For evaLuation of each end mÍll, feed rate was

increased by 350 mm/min every I m cutting, and the feed rate

at which breakage occurred was reco¡ded. Iilhen no problems

occurred afte¡ machining, rating "O" was assígned' whereas

when breakage occurred or when fracture or chipping occurred

after I m cutting at any feed rate, ratÍng "X" was assigned-

Àn end miII which did not cause any problem through cutting

at a feed rate of 4,200 mm/rnin or higher was evaluated as

"good. " The results are shown Ín TabIe C3-
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Sample No,

Invendon
Ftâmnlê a

Conventfonal
Example C

Separatlon of
cuttlng edges

IE
Equel

seDa ra tion

I

Flrst gash

angle (')

Equal
seoe¡âtlõn

9 Unequal
çêr¡àn ¡l^ñ

iecond qasl

25

ansle (')

z5

PefrenÞge
(%)

50

25

50

Phase
deviatlon
amount

/')åì

50

9

23,5

z

2800

9

Feed rate (mm/min)

2

o

3150

0

X

3500

o

3850

X

o

4700
fuãluatlôh

.J
otls
.D

ô(ro
N

Good

Fr¿ctu re

Breakage

(1145-A155)N {T180-5.120)N  30 m  Chipping  2 Carbide Equal separation 0.02 0 0.02 2%  



lo32).)

As a resuLt, In the case of Invent j-on Example C18,

cuttrng was performed until feed rate reached 4,200 mm/min

withouL causÍng any problem. In cont.rasE, in Lhe case of

Conventíonal Example C8, fracture ôccurred when feed rate

reached 2,800 mrn,/min, and, in the case of Conventj'onal

Example C9, breakaqe occurred when feed rate reached 3,150

mm/min. Thus, the end mil-l- according to the pxesent

inventron rea.Lized rnachin j-ng at a feed rate 1-5 tÍmes or

more that rn the case of a conventional- end miII-

lo322l

(Example C4)

In Example c4, simÍl-ar to the case of Exâmple C2, the

ôptimaL amount of deviatíon of the reference phase wâs

determÌned in nicked. peripheral- cutting edges - In Invention

Exampl-es CI9 to C23. Conventlonal Examples C10 to C13, and

Comparatrve Example C8, each of the end milIs was produced

Buch that a fitst gash angle was 25o, a second gash angle

was 50o, and Ehe l-ength of a centraL connection porEion was

9* of Ehe Eoô]- diameter (i.e., 0,72 ¡nrn) as measured from the

tool rotation axis.

t03231

In Invention ExampJ-e c19, an end mill havíng the

foJ- l owing n i cked peripheral cut t ing edges r,las produce d -

SpecificalÌy, a first nicked peripheral cutting edge was

consrdered a reference perípheral cuEtinq' edge' and the

remaining (second to fou¡th) peripheral cutting edges were

1?r

- 20m 0.17 Large wear Crowentcsal Example 0 1 Carbide Equal Separation 0 0 0 0% (l045.e155)d 



deviated from the respective refe¡ence phases of E.he

reference peripheral cutting edge, wherein the distance of
the reference phase Ís an amount corresponding to a valure

obtained by equally qurartering the nrck pitch of the
reference peripheral cutting edge, In â second nicked
periphe¡a1 cutting edge, the phase deviation amounE. was

adjusted to lt of Lhe nick prtch (i,e., O.Or mm). rn a

third nicked peripberal- curting edge, the phase deviation
amount was adjusted to 1T of the níck prtch (i.e,, 0.01 m¡n) ,

fn a fourth nicked perrpheral cutting edge, the phase

deviation âmount was adjusted to 0& of the nick pitch (i.e,.
0 ftun) .

1o324)

In Invention Exampl-e C20, an end miII having the
folJ-owinq' nicked peripherat cutting edges was produced.

Specifically, a first nicked peripheral cutting edge wâs

considered a refe¡ence perrpheral cutLing edge. and the
remaining (second to fourth) peripheral- cutting edges Here

deviated from the above-obtained respective refe¡ence
phases. In a second nícked perrpheral cutting edge, the

phase devj.ation amount was adjusted to 2t of the nick piLch
(i,e,, 0.02 mm) . In a third nrcked perrpheral cuttinq. edge,

the phase deviation amounE. was adlusted to 2g of the nick
pitch (i.e., 0.02 mm), In â fourth nrcked peripheral
cutting edge, the phase deviatiôn amount wes adjusted to O?

of the nick pitch (i,e,, 0 nm),

t032sl

772

(1180-S120)N  20 rn  FraCbge  2 C rubid e Unequal separation 0 0 0 0% (11454.155)11
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In Invention Example C27, a end mill havrng the

following nícked perrpheral cutting edges was produced-

Specifically, a fírst nicked peripheral cuttÍng edge was

consídered a refe¡ence peripheral cutting edge, and the

remain.:.ng (second to fourth) peripheral cuttrng edges were

deviated from the above-obtained respectíve reference

phases. In a second nicked peripheraJ- cuttj.ng edge, the

phâse devÍation amount '.ras adlusted to 2* of the nick pitch

(Í,e,, 0.02 mm). In a thrrd nicked peripheral cuttrng edge,

the phase deviation emount was adjusted to 2t of the níck

prtch (i.e., 0.02 nm) . In a fourth nicked perípheral

cuttÍng edge, the phase deviation amount v¡as adjusted to 3f

of the nick pr-tch (i.e,, 0,03 mm).

t 032 6l

In Invention Example C22t an end mÍII having the

foJ-l-owing nicked peripheral cuttj.ng edges Has produced-

Specifical-J-y, a fÍrst nj.cked perrpheral cutting edge was

considered a reference peripheral cutting edge, and the

rernaining (second to fourEh) perr-pheral cutting edges were

deviated from the above'obtained respective reference

phas es , In a second nr c ked pe riphera.ì- cutt j.n g edge, the

phase deviation amount Has adjusted to 5t of the nick pitch

(i.e., 0,05 ¡nn). In a third nicked peripheral cutting edge'

the phase deviat j.on amount was adjusted to 4* of the nick

pitch (i,e,, 0.04 mm) . In a fourth nicked peripheral-

cutting edge, the phase deviation amount was adjusted to 3t

of the nick pitch (r. e ' ' 0 ' 03 mm) .

113

40 m - EhipNno  3 Carbide Equal separatiOn 0.06 0 0.02 5% (T145-A155)N (7180-5120)N - 
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In Invention ExampÌe C23, an end nill- havrng the

foJ-Iowing nicked peripheral cutting edg.es was p¡oduced.

Specifically, a first nicked perípheral cutting edge was

considered a reference peripheral cutting edge, and Lhe

remaining' (second to fou¡th) peripheral cuttrng edges were

devj-ated f¡om the above-obtained respective reference

phases- In a second nicked perlpheral cutting edge/ the

phase deviatron amounE was adjusted E.o 2.{,- of the níck pÍtch
(i.e., 0.02 run) . In a third nicked peripheral cutting edge,

the phase deviation amount was adjusted to 0t of the nick
pitch (i,e,, 0 rur). In a fourth nicked peripheral cuttíng
edge, the phase deviatlon amount was adjusted to 0å of the

nick pitch (i.e., 0 mm) ,

t03281

fn Conventional Exampfe C10, an end mitt having nicked
pe.ripheral cutting edges without deviâtion from the

refe¡ence phase was produced.

In Conventional Example C11, an end milt having nicked

peripheral- cuttíng edges uith different separation angles

(i,e., 85', 95", 85', and 95') and without devíatÍon f¡om the

reference phase was p.¡oduced.

t03291

In Conventional Example CL2, an end mill havÍng the

following nicked perj.pheral cutting edges was produced,

Specifically, a first nicked peripherâI cuE.ting ed.ge was

considered a reference peripheral cutting edge. and the

l'14

30 m - Chipping  4 High-speed tool stool Equal separation 0.06 0 0.02 6% (1145-A155)N (1180-920)N



remaÍning (second to f orr¡th) perÍpheral cutting edges were

devíated from the above-obtained respective ¡eference

phases. In a second nicked peripheral cut[rng edge, Ehe

phase deviation amount was ad¡usted to 6t of the nick pitch

(i.e., 0.06 mm) . fn a third nrcked perrpberal cutEing edge,

the phase devíation amount was adjusted to 2T of the nick

prtch (i.e., 0.02 mm), In a fourth nicked peripheral

cutti¡g edge, the phase devì-ation amount wâs adjusted to 0l

of the nrck pitch (i.e., 0 mm).

t0 3301

In conventional Example C13, an end mill having the

following nícked peripheral cutting edges was produced.

Specifically, a first nrcked peripheral cutting edge was

conside¡ed a reference perrpheral cuEting edge, and the

rema:-ning (second to fourth) peripheral cuEting edges were

deviaEed from the above-obtaÍned respective refe¡ence

phases. In a seco¡d n:-cked peripheral cutting edge, the

pbase devratiôn amount was adjusted to 6S of the nick pitch

(i.e., 0.06 rnm) , In a third nicked perrpheral cutting edge,

the phase deviation amount was adjusted lo 2* of the nick

pitch (i.e., 0.02 mm) . In a fourth nicked peripheral

cuEEing edge, the phase deviation amount Has adjusted to 0t

of the nick prtch (i,e., 0 ¡run).

t033r.l

In comparative Example c8/ an end mill having the

foIIow.:.ng nicked peripheral cutEing edges was produced.

Specifrcally, a first nícked perr-pheral cutting edge t¡as

L'75

19 m . Breakage Note: wpce epresents "wavy peripheral cuttfria edqe.  [0354]       As a result, in the
cases of Invention Examples D1 to D51 stable cutting was performed with reduced chattering
vibration, and wear width fell within a normal range even after 50 m cutting. Particularly, in the cases
of Invention Examples D1 to D3 and D5, wear width was as small as 0.10 mm or less after 50 m
cutting. When the phase deviation amount is 5% as in the case of Invention Example D5, the amount
of wear relatively increases to some extent, but this does not cause any problem. [0355]        In the
cases of Comparative Example D1 and Conventional Example 03, the amount of deviation from the
reference phase was large, and thus a large cutting load was applied to a wavy peripheral cutting
edge with large phase deviation amount, resulting in occurrence of chipping upon 30 m cutting, in
spite of coating with a hard coat. As is clear from the data of these Examples, in a carbide and mill,
the phase deviation amount must be limited to at most 5%. [0356]       In the case of Comparative
Example D2, stable cutting was performed with no chattering vibration. However, due to no surface
treatment, wear width exceeded 0.15 mm (i.e., 0.17 mm) upon 20 m cutting, and cutting was then
stopped. In the case of Conventional Example D1, waveform pitches were provided at equal intervals,
and thus chattering vibration was increased, and fracture occurred upon 20 m  cutting, leading to the
end of the service life. In the case of Conventional Example 02 (i.e., cutting edge with
unequally-separated angles), chipping occurred upon 40 m cutting in a wavy peripheral cutting edge
with a groove of small separation angle. [0357]       In the case of Conventional Example 04, the end
mill was produced from high-speed tool steel, which is inferior to carbide in terms of thermal
resistance and wear resistance. Therefore, the end mill encountered in cutting a material having a
hardness of 40 HRC or higher, and breakage occurred in the end mill upon 10 m cutting, although it
was coated with a hard coat. 



considered â reference peripherei- cutting edge, and the

reÌÞi¡.ing (second to fou-rth) peripheral cutting edges were

deviated frorn the above-obtained respective ¡eference

phases. In a second nicked peripheral cuEtÍng edge, the

phase deviation amount was adjusted to 68 of the nick pitch
(i,e,, 0-06 mm). In a third nicked peripheral cutting edge,

the phase deviatÍon amount was adjusted to 6& of the nj-ck

p j.tch (i-e-, O.06 mm), In a fourth nicked peripheral

cutting edge, the phase deviatron amount was adjusted to 0t

of the nick pÍtch (i-e,, 0 mm).

Ío332)

In Invention Examples C19 to C23, Conventional- Examples

C10 to Cl-2, and Comparative Example C8, end míIIs were

produced f¡om a carbide base having a Co content of I v¡t.T

and a mean WC Arain size of 0.8 Fn. In Conventional Example

C13, an end mill was produced frorn a high-speed tool steel
base. Each of the end mills was produced so as to have four
nicked peripheral cuEting edges (tool dianeter: I mm,

cuEEing edge length: 16 mm, total- length: 70 run, shank

dj.ameter: 8 rnrn, nick pitch: 1 mm, hel-ix angle: 45') . Each

of the end nil-ls (samples) was coated r¡ith a ha¡d coat

formed of an Si-contaÌning (TiAI)N compound.

t03331

The type of a workpiece, cutting conditions, and the

shape ôf machinJ.ng were the same as in Exanple C1, and

evaluation of each end miII was carried out in the same

manner es ín Bxample C1. Specifically, after formation of

t't6

[0358]       In the cases of Invention Examples D6 to D12 (phase deviation amount is within 2% to 3%,
and various types of surface treatment), no problems occurred until 50 m cutting, and wear width was
0.10 mm or less; i.e., satisfactory results were obtained. [0359] (Example D2)       In Invention
Example D13, an end mill having the following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (second to fourth) peripheral cutting edges were deviated from the respective
reference phases of the   reference peripheral cutting edge, wherein the distance of the reference
phase is an amount corresponding to a value obtained by equally quartering the nick pitch of the
reference peripheral cutting edge! In a second nicked peripheral cutting edge, the phase deviation
amount was adjusted to 1% of the nick pitch (IC., 0.01 mm). In a third nicked peripheral cutting edge,
the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked
peripheral cutting edge, the phase deviation amount was adjusted to 1% of the nick pitch (i.e., 0.01
mm). [0360]       In Invention Example D14, an end mil/ having the following nicked peripheral cutting
edges was produced. Specifically, a first nicked peripheral cutting edge was considered a reference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated
from the above-obtained respective reference phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., On). In
a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick
pitch (i.e., 0.02 mm). [0361] In Invention Example D15, an end mill having the  following nicked
peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm).. In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 3$ of
the nick pitch (i.e., 0.03 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount
was adjusted to 2$ of the nick pitch (i.e., 0.02 mm). [0362]       In Invention Example D16, an end mill
having the following nicked peripheral cutting edges was produced. Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were deviated from the above-obtained respective
reference phases. In a second nicked peripheral cutting edge, the phase deviation amount was
adjusted to 5% of the nick pitch (i.e., 0.05 ram). In a third nicked peripheral cutting edge, the phase
deviation amount was adjusted to 3% of the nick pitch (i.e., 0.03 mm). In a fourth nicked peripheral
cutting edge, the phase deviation amount was adjusted to 4$ of the nick pitch (i.e., 0.04 mm). 



one concave pôrtion through machining, the wear l'lidth of end

cuttÍng edges was measured and recorded. fn ConventionaJ-

Example C13, Ín whiclr the end miIl was produced frorn hiqh-

speed tool steeÌ, cutting was performed under rnuch mil-de¡

conditrons than Ehose employed for testing of a carbíde end

mrll ,' i.e., rotational speed: 1,200 rotatíons,/mrn (cutting

speed: 30 m/min), feed ratel 150 rnm/min (0.03 mm of feed per

cuEEing edge), amount of cutting in axial- direction ì 8 mm,

amount of cutting in radial- directron: 2 mm, feed ra[e upon

oblr-que culting: ?0 run,/min. and tilt angle: 10"- The

results are shown in Table C4,

t11

[0363]        In Invention Example D17, an and mill having the following nicked peripheral cutting edges
was produced. Specifically, a first nicked peripheral cutting edge was considered a reference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated
from the above-obtained respective reference phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked
peripheral cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm).
In a fourth nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of the nick
pitch (i.e., 0 mm). [0364]        In Comparative Example D3, an end mill having the following nicked
peripheral cutting edges was produced. Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edges were deviated from the above-obtained respective reference phases. In a second
nicked peripheral cutting edge, the phase deviation amount was adjusted to 6% of the nick pitch (i.e.,
0.06 mm), In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 6% of the nick pitch (i.e., 0.06 mm).  [0365]        In Conventional Example D5, there was
produced an end mil/ having nicked peripheral cutting edges of constant phase deviation amount,
wherein, in each nicked peripheral cutting edge, the amount of deviation from the reference phase
(i.e., 1/4 of the nick pitch of the reference peripheral cutting edge) was adjusted to 0%.       In
Conventional Example D6, there was produced an end mill having nicked peripheral cutting edges of
constant phase deviation amount with different separation angles (i.e., 95, 85, 95, and 85), wherein, in
each nicked peripheral cutting edge, the amount of deviation from the reference phase (i.e., 1/4 of the
nick pitch of the reference peripheral cutting edge) was adjusted to 0%. [0366]        In Conventional
Example D7, as described in Patent Document 2, a hard coated end mill employed for a cutting test
(phase deviation amount: 6%) was produced from highspeed tool steel. Specifically, a first nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fourth) peripheral cutting edges were deviated from the above-obtained respective
reference phases. In a second nicked peripheral cutting edge, the phase deviation amount was
adjusted to 6% of the nick pitch (i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth  nicked peripheral
cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm).        In
each of the end mills of Invention Examples 013 to 1J17, Comparative Example D3, and Conventional
Examples D5 and D7, nicked peripheral cutting edges were formed so as to have the same
separation angle. [0367] 
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In Invention Examples D18 to D24, the phase deviation amount (%) of nicked peripheral cutting edges was adjusted to fall within a preferred range
of the present invention (i.e., 2% to 3%), and the end mills of these Examples were subjected to different surface treatments (i.e., coating with
different hard coats). The thus-treated end mills were subjected to a cutting test. For comparison between the results of the end mills having nicked
peripheral cutting edges and those of the end mills having wavy peripheral cutting edges, the phase deviation amount of the both type of the
peripheral cutting edges and the type of surface treatment were same. [0368]        Specifically, in a surface treatment process, both of an end mill
having nicked peripheral cutting edges and an end mill having wavy peripheral cutting edges whose phase deviation amount were equal, were
placed in the same arc discharge ion plating furnace under the different coating condition to coat the end mill with a composite layer. The phase
deviation amount of nicked peripheral cutting edges  and the type of surface treatment are shown in Table D2. [0369]        In Example D2, similar to
the case of Example D11 each end mill was subjected to a cutting test employing a workpiece [die steel SKD61 for hot working having a hardness of
HRC 40). Cutting conditions and evaluation method were the same as those employed in Example Dl. The results (cutting length, wear width of
peripheral cutting edge, and evaluation) are shown in Table D2. [0370]        When none of breakage, fracture, and chipping occurred in peripheral
cutting edges, etc. of an end mill until 50 m cutting, the end mil/ was evaluated as "good," and the wear width of the end mill was measured. When
breakage, fracture, or chipping was observed in peripheral cutting edges of an end mill before 50 m cutting, cutting was stopped upon observation of
breakage, fracture, or chipping, and the cutting length was recorded_ The results are shown in Table D2.  Sample No. Separabon or cutting edges -
Phase deviationmount (mm) Phase 
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The results of Examp].e C4 are as fol-l-orrs. fn Ehe cases

of Invention Examples C19 to C23, one concave portlon r.tas

formed through stable machj.ning. Particularly, when the

amount of deviatíon from the refelence phase was L to lt,

wear width t{as as smaLJ. as 0.1 mm or less, In the case of

Conventional ExampJ-e C10, although gashes were fo¡med to

have an optimal shape, châtterrng vib¡atíon occu¡red during

]-ateraL-feed machinrng, and fracEure ôccurred rn end cuttrng

edges after formatíon of one concave portíon through

rnachining of peripheral cuttj.ng edges. In the case of

ConventÍonal Example Cl-l, chatterrng vibration was reduced

by unequal separation, and one concave portion was formed

through rnachining, However, chips generated by end cutting

edges during obtique cutting were jammed in smaII grooves of

peripheral cuttrng edges, resulting in occurrence of

chÍppin g.

t0336l

In the case of Convent j.onaI Example c12, the amount of

deviation from the reference phase was as large as 6$, and

thus chipping occurred in peripherel- cutting edges to which

the heaviest Load was he1d. In the case of conventional

Exampl-e CL3. Ehe end mil-I. which r,¡as produced from high-

speed tool steel-, exhibited l-ow tool rigidity, and breakage

occu¡red durrng oblique cutEing ímmedr-ately after rnitiation

of cuttrng. In the case of comparat j-ve ExampÌe C10. similar

Co the case of Conventional Exarnple C12, the amount of

L19

deviation amount (%) Type of surface treatment Cutting Wear width (mm) Evaluation   Second nptce
Third Roce Fourth npce  



deviation from the reference.phase was as Large as 6t, and

thus chr-pping occur¡ed ín peripheral cutting edges to which

tlre heaviest load r,¡as held. The ¡esul-ts obtaÍned in the

cases of carbide end hills having nicked perrpherâl- cuEting

edges were al-most the same as those obtained in the cases of
end miLls havíng wavy periphe¡a1 cuttlng edges (Example C2).

t0337l

Examples D shown below ín tables are cJ.assrfied into
Inventron Examples, Conventional Examples, and Comparative

Examples, and samples Ín fnvention ExampÌes, Conventional

Examples, or Comparative Examples are represented by serial
nunbers. In the beLow-described Tables DIt D2. and D3, the

compositíon of an innermosE layer, an outermost layer, or ân

intermediate J-ayer forming a ha¡d coaL rs represented by

atomic* (insÍde of parenthesis) or atomic proporE.ion

(ouEside of parenthesis) . For exampÌe, the composition of
an innermost layer forming a hard coat of sample No, 1 shor^¡n

belos¡ in Table Dl. is represented by the following formula:
(Ti45-4I55)N, This representatron refe.¡s to a compound

containrng Ti45-4155 (r.e., Ti (45 atomict)-Al (55 atomict))
and N in atomic proportions of 1 : 1,

t0338l

(Exampl-e D1)

In Example D1, parE.icularly, the optinal- amount of
deviaEion of wavy peripheral cutting edges fron the

¡espective reference phases was dete¡mined in various end

mills coated by different surface treatments,

180

Innermost layer Outermost layer Interrnedlate lays' length   Invention Example D 13 Equal separation
0.01 0 0.01 



In Invention Examples D1 to D12, Coñparatrve ExampJ-es

D1 and D2, and conventional Exampl-es D1 to D3, end mil-Ls'

each havíng four wavy per j,Pheral- cutting edges, were

prodrrced from a carbide base havì-ng a co côntent of 8 wt-T

and a mean WC grain size of 0.8 pm (tool dÍameteri I rnm,

cuttrng edge length: 16 mm, total length: 70 mm, shank

diameter: 8 mm, waveform pitch | 1 mm, helix angle | 45") -

Each of the end mÍl-Is was subjected to a cutling test- In

Conventional- ExampJ.e D4, ân end miLL having four wavy

peripheral cutting edges was produced from high-speed tool-

sEeel (tool- diameter: 8 mm, cutting edge length: 16 mm,

total length: 70 mm, shank dianeter: 8 mm, waveform pitch: 1

mm, he1j.x angle: 45o). The end rnrl.ì- was also subjected to a

cutting test.

t0339l

In Invention Examples DI to D5, Comparative Exarnpl-e D1,

and Conventj-onal Examples D1 to 04, in order to evaJ.uate the

shape effect of wavy periPheral cutting edges of the end

rnil-Is, all the end mill-s of these Examples were subjected to

the same surface treatmenE (i.e., coating with a hard coat

incJ-uding a TiAIN innermost layer and a TiSiN outermost

layer), except for the end mill of Invenlion ExampÌe D4, in

v¡hich a TlAIsiN intermediate layer was employed. In each of

these Examples, the hard coat was formed of a composi[e

layer through arc discharge ion plaEing. In comparatj.ve

Examp.L e D2 , surf ace t re a tment r.¡a s nô t appl j-ed -

t0340l

18L

1% (T115-A155)1 (7130-5120)N - 50 m 0.1 Good  11 Equal separaflon 0.02 0 0.02 2% (1115-A155)N
(T130-5120)N 



In Invention Exampl-e Dl, an end mil-l- havÍng the

following wavy peripherâI cutting edges was produced.

Specifically, a first wavy peripheral cutting edge Has

considered a reference perípheral cutting edge, and the

remaining (second to fôu¡th) peripheral cuttr.ng edges were

deviated f.rom the respectrve reference phases of the

reference peripheral cut ting edg.e, Hhereín the distance of
the reference phase is an amount correspondíng to a val-ue

obtained by equally quartering the waveform pitch of the

.reference perÍpheral- cutting edge. In a second wavy

peripheral cutting edge, the phase deyiation amount was

adjusted to 1t of the wavefo.rm pitch (i.e., O.Ot run) . fn a

thÍrd wavy peripheraJ- cutting edge, the phase devration
amount was adjusted E.o 0.? of the waveform pitch (j-.e., O

mm) . fn a fourth wavy peripheral- cutting edge, the phase

devÍation amount was adjusted to 1t of the waveform prtch
(i,e., 0.01 mm) ,

to34Ll

In Invention Example D2, an end rnill havrng the

following wavy peripheral- cutting edges was produced.

Specrfically, a frrst wavy peripheral cutting edge was

considered a reference peripheral cutting edge, and the

remaining (second to fourth) peripherat cutting edges were

deviated from the above-obtained respective refe¡ence
phases. In a second wavy perrpheral cutting edge, the phase

deviation amount was adjusted to 2t of Ehe waveform pitch
(i.e., 0,02 mm) . In a third wavy pe.¡rpheral cutting edge,

t82
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the phase deviation amounE was adjusted to 0* of the

v¡aveform prtch (i.e., 0 mm) , In a fourth wavy Perlpheral

cuttj,ng edge, the phase deviation anount was adjusted Lo 2t

of the waveform pitch (i,e,, 0.02 mm) .

lo342l

In Invention ExamPIe D3, an end rnill having the

follot,JÌng wavy periphera1 cutting edges was produced-

SpecificalJ-y, a first wavy perrphe¡al cutting edge t'¡as

considered a reference periPheral cutting edger and the

remainrng (second to fôurth! peripheral cutting edges were

deviated from Ehe above-obtained respectj-ve reference

phases. In a second wavy peripheral cutting edge, the phase

deviatron amount Has adjusted tô 29 of the waveform pitch

(i,e,, 0.02 mm) , In a third wavy peripheral cutEing edge,

the phase deviation amount was adjusted to 39 of the

waveform p:-tch (i,e,, 0.03 mm) , In a fourth wavy peripheral

cutting edge, the phase deviation amount was adjusted lo 2*

of the r¡aveform pitctr 1t-.e., 0'02 nun) .

t 034 31

In Invention ExarnpJ-e D4, an end mill- having the

f ol-J-owrng wavy perrphe ra I cutt ing edges wa s produc ed -

Specifrca]-J-y, a first wavy peripheral cutting edge was

considered a reference perÍpheral cutting edge, and the

rema j.ning (second Eo fourth) perÍpheral cutting edges were

deviated from the above-obtained respective reference

phases. In a second wavy peripheral cutting edge' the phase

deviation amoun[ was adjusted to 5t of the Haveform Pítch

r83
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(j.,e,, 0.05 mrn) . In a third wavy peripheral cutting edge,

the phâse deviatíon amount was adjusted to 39 of the
waveform pitch (i.e., 0.03 run). In a fourth wavy peripheral
cutting edge, the phase deviation amount was adjìrsted to 4g

of the waveform pitch (r.e., 0.04 mrn) ,

t03441

In Invention Example D5, an end mill havrng the
folLowing wavy periphe¡a1 cutting edges was produced.

Specifically, a first wavy perípheral cutring edge was

considered a reference periphe¡el- cutting edge, and the

¡emaining (second to fourth) perÍpheral cuEting edges were

deviated from the above-obtained respective reference
phases. In a second wavy peripheral- cuttÍng edge, Ehe phase

deviation a¡nounE was adjusted to 2t of the waveform pitch
(i.e., 0.02 nm). In a third wavy perípheral cutting edge,

the phase deviation emount was adjusted to 0ã of the

waveform pitch (í.e,, 0 mrn), In a fourth wavy periphera.ì-

cuEEing edge, the phase deviation amount l{as adjusted to 0&

of the waveform pitch (i.e., O nm).

t03451

In fnventio¡ Exarnples D6 to D12, Ehe phase deviation
amount (B) of wavy periphe¡âl- cutEing edges of each example

was adjusted to fal-l within a preferred range of the present

invention (i.e., 2t to 3t), and the end nill-s of these

Examples were subjected to different surface t¡eatments
(i.e., coating wíth dÍfferent hard coats), The thus-treated
end mill-s were su_bjec.ted to a cutting test. In each of the

1,84
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su.rface treatments, a hard coat was fo¡med of a composíte

Iayer through arc discharge ion platJ.ng. The composrte

Iayer were formed with layer sel-ected f¡om an inne¡most

Iayer, an outermost l-ayer, and an intermediate layer as

shoçn ín Table D1 , A hard coat having no intermediaLe l-ayer

j-n Table DI, tt'lô-l-ayer hard coat was fo¡med of an innermosf

l-ayer and an outermost layer having the composr¿ions shown

in Tabl-e D1, or stacked layers of the coat were formed by

repeating the aforementioned compositíons wherein at least

the innermost laye.r and the outermost layer have the

compositions shor,¡n in Table D1 .

t0346l

In Comparative Exampl-e D1, an end mil-l- having the

following wavy per.:.phera1 cuttrng edges was produced.

Specifically, a first wavy peripheral cutting edge was

consídered a reference peripheral cutting edge, and the

remaJ.ning (second to fourth) peripheral cutting edges were

devíated from the above-obtained respective reference

phases, In a second wavy peripheral cuttlng edge, the phase

deviation amount was adjusted to 6t of the waveform pitch

(i.e,, 0,06 mrn). In a thÍrd r+avy perrphera.ì- cutting edge,

the phase deviation amount was adjusted Eo 0f of the

wavefo¡rn pJ.tch (i.e., 0 run) . In a fourth wavy peripheral

cutting edge, the phase deviation amount was adjusted to 6t

of the waveforrn pitch (i.e., 0,06 mrn) . In Compa¡aEÍve

Example D2, a end milJ. was produced in Ehe same menner as

in Invention ExampJ-e D2.

r-8s
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to341l

In Conventional ExampÌe Dl., there Has produced an end

rnrJ-1 havíng wavy peripheral cuttrng edges of constant phase

deviation amount, r.rherein, in each wavy peripheral cutting
edge, the emount of dev¡-atíon from the reference phase

(r-e-, I/4 of the wavefo¡m pitch of the ¡efe.rence peripheral

cutting edge) was adjusted to 0å,

In Conventional Example D2, there was produced an end

mrll having wavy periphe.ral cuttíng edges of constant phase

deviation amount with different separation angles (i.e.,

95o, 85', 95", and 85'), wherein, rn each wavy peripheral
cutting edge. the amount of deviation from the reference

phase (i,e-, J,/ 4 of the uJaveform pitch of the refe¡ence

peripheral cutting edge) was adjusted to Ot.

t0348l

In Conventionel Example D3, es described in patent

Document 2, a hard coated end mj-II empl-oyed for a cuttÍng
test (pbase deviatíon amount: 6t) was p.roduced from high-
speed tool steeJ.. SpecificaIIy, a filst wavy peripheral
cuttíng edge was consÍdered a reference peripheral cutting
edge, and the remaining (second to fourth) peripheral
cutE.ing edges Here deviated frorn the above-obtained

respectrve reference phases. In â second wavy perrpheraL

cutting edge, the phase devíation arnount tras adjusted to 6f

of the wavefo¡m pitch (i,e., 0.06 mm), In a thrrd wavy

perÍpheral cutting edge, the phase deviatron amount was

adjusbed to 0t of the waveform pitch (i,e-, 0 Ìun) . In a

186
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fourth wavy peripheral cuttingr edge, Ehe phase devration

amount s¡as adjusted to 2T of the çaveform pitch (í-e-' O'02

mm) ,

t034 9l

In conventÍonal Example D4, an end milJ. was produced

from hj-gh-speed tool steel in the same manner as j-n

ConventionaJ- Example 03. Each of these end milJ-s produced

from hig'h-speed tool steel was coated v¡ith a hard coat

according to the present invention, and the thus-coated end

miII was compared (for evaluatiôn) with a hard coat-côated

carbide end nill,

In each of the end milJ.s of Invention Examples D1 to

D12¡ Comparative Example D1 and D2, ðrd Conventional

Examples Dl, D3, and D4, wavy peripheral- cutting edges were

formed so as to have the same seParation ang]-e.

t0 350 I

Each of lhe thus-produced 16 end mrl-Is of Example Dl

(excl,usive of the end rniIl of Conventional ExamPIe D4

produced from high-speed tool steeJ.) was subjected to a

cuttíng test employrng a e¡orkpiece (die steel SKD61 for hot

working having a hardness of HRc 40) , Cutting was car¡ied

ouE under the following conditions: rotational sPeed: 6,000

rotations/min (cutting speed: 150 ¡nlmin), feed rate: 1,600

rnm/min (0.06 mm of feed per cuttang edge), amounE of cutting

rn axiaJ- di.rection: 4 mm, and amounE of cutting in radial

direction: 4 mm. Eo.¡ evaluation of each end milf,

perrpheral cutting edges thereof ',¡ere observed every 5 m

3.87

(A170030)N - 50 in 0.09 Good  21 Equal separation 0.02 0 0.02 2% (1115-A155)N (A170-Cr30)0
(A170-0r30)0 50 in 



cutting, end weaE width was recorded.

t 03s11

When !.rear r,,ridth was 0.15 mm or Less, and none of
breakage, fracture, and chipping occurred in an end miII
until- 50 m cuttÍng, the end ¡niII was evaJ.uated as "good. "

When the wear width of peripheral cutEing edge.s of an end

miII exceeded 0,15 mm unti.l 50 m cutting, cuttj-ng !ùas

stopped upon observation of the wear, and the cuttíng length

and the wear width were .recorded. When breakage, fracture,
or chipp j-ng was observed in peripheral cutting edges,

cuttrng was stopped upon observaEion of breakage, f¡acture
or chipping, and then cutting J-ength was recorded.

t03521

In Conventronal Example D4, ín which the end mill was

p¡oduced from high-speed tool steel-. cutting was performed

unde.r much mil-der condj-tÍons than those employed for testÍng
of a carbide end mr.l-It i-e,, rotational- speed: I,2OO

¡otations/min (cutting speed: 30 m/min) , feed rate: l.50

mm/min (0.03 run of feed per cutting edge), amount of cutting
j.n a xi al- dr rect ion ì 4 mm, and amount of c ut_ t ing in radi a I
directíonì 4 mm. The results are shown in Table Dl _

188
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t03s4 l

Às a ¡esult, Ín the cases of Invention Examples D1 to
D5, stable cutting was performed with reduced chattering
vibration, and vrear r,¡Ídth fel-l- Í¡ithj.n a no¡mal- range even

after 50 rn cutting. Perticularl-y, in the cases of Invention
Exampl-es Dl to D3 and D5, wear wrdth r,ras as small as 0,10 rnm

or less after 50 m cuttrng. When the phase deviation emount

is 59 as in the case of Inventron Example D5, the amounE of
Hear relatively increases to some extent, but thís does not

cause any problen.

t0 3ss l

In the cases of Comparative Example D1 and ConventÍonal

ExampJ.e D3, the amount of deviaEion from the reference phase

!{as large, and thus a large cutting load was appl-red to a

wavy peripheral cutting edge with large phase deviation
amount, resulting in occur¡ence of chipping upon 30 m

cutEingr, rn spite of coatrng rùith a hard coat, Às is cÌear
f.rom the data of these Examples, in a carbide end miII, the

phase deviation amount must be limrted to at most 5S.

t03s6l

In the case of CoñparaEive Exampl-e D2, stable cutting
was performed Hith no chattering vibratron. However, due tô
no surface treatment, wear wrdth exceeded 0,15 run (i.e.,
0.f7 mn) upon 20 m cutting, and cuttÍng Has then stopped.

In the case of Conventional- Example DI, waveforrn pítches

were provided at equal intervals, and thus chatterj-ng

vibration r,¡as increased. and fracture occurred upon 20 m

L90
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cuttrng, leading to the end of the service life- In the

case of Convenlional Example D2 (r-e., cutting edge with

unequ ally-separated angles), chiPPang occurred upon 40 m

cutting in a wavy peripheral cuttr.ng edge with a g'¡oove of

srnal I separation angle .

t 03s7 l

In the case of conventional Example D4, the end miII

was produced. from high-speed tool stee.l, which is ínferror

to carbÍde Í¡ Eerms of thermal resistance and wear

resistance. Therefore, the end mill- encountered in cutting

a rnaterral having a hardness of 40 HRC or hígher' and

breakage occurred in the end miLJ. upon 10 m cutting,

aÌthough it was côated r,¡ith a hard coat'

t0358j

In the cases of Invention Examples D6 to D12 (phase

deviatíon amount is wíthin 2't to 3T, and various types of

surface Ereatment), no probl-ens occurred until 50 m cuttÍng,

and wear wrdth was 0.10 ¡nm or Less'' i.e., satisfactory

results were obtained '

t03s9l

(ExamPle D2)

In Invent j.on Example D13, an end miII havíng the

foJ-towing nicked peripheral cutting edges was produced'

Specifícaì-ty, a first nicked peripheral cuttrng' edge was

considered a reference peripheral cutEing' edge' and the

remainíng (second to fôLrrth) peripheraÌ cutting edges were

d.eviated from the tespective reference phases of lhe

191

0 0.06 6% (T115-A155)11 (180-5120)N  30 m  Chipping  5 Equal separation 0 0 0 0% 



Eeference peripheral. cutting edge, whe¡ein the distance of
the reference phase Ìs an amount corresponding to a value

obtaÍned by equally quarterrng the nick pitch of the

reference peripheral cuttinqr edge, In a second nicked
petipheral cutting edge, the phase deviatron amount was

adjusted to 1S of Ehe nick prtch (i,e., 0.01 mm). In a

thr¡d nicked peripheral- cutting edge, the phase deviation
amount was adjusted to 0g of the nick pitch (i.e., O mm) .

In a fourth nicked peripheral cutting edge, the phase

devíation amount was adjusted to lt of the nick pitch (i.e..
0, 01 mm) .

t03601

In Invent j.on Example D14, an end mill havÍng the

following nicked peripheral- cutEing edges wâs produced.

Specifica-l-1y, a first nícked pe¡ipheral cutting ed.ge was

considered a reference peripheral cutting edge, and the

renaining (second to fourth) perlpheraÌ cutting edges were

deviated from the above-obtained respectíve reference

phases. In a second nicked pe.¡ipheral cutting edge, the

phase devia[ion a¡nount was adjusted to 2t of the nick prtch
(i.e., 0.02 nun) . In a third nrcked peripheraf cutting edge,

the phase deviation amount was adjusted to Ot of the nrck

prtch (i,e,, 0 mm). In a fourth nicked perlpheral cutt j-ng

edge, the phase deviation amount was âdjusted to 2g of the

nick pitch (i. e. , 0. 02 nm) .

I03611

In .lnvention Example D15, an end miII having the
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fottowing nicked perrpheral cutting edges was produced,

Specrfrcally, a first nicked peripheral- cutting edge was

consídered a ¡eference perrpheral cutting edge, and the

remaining (second to fourth) peripheral cutting edges were

deviated from the above-obtarned respecttve reference

phases, In â second nicked perr-pheral cutting edge, the

phase devj-at j.on amount was adjusted to 2t of the nick pitch

(i,e., O.02 mm) - In a third nicked peripheral cuttJ.ng edge,

the phase deviatíon amount was adjusted Eo 3t of the nÍck

pitch ti.e., 0,03 mm). In a fourEh nícked peripheral

cutting edge, Ehe phase deviation âmount was adjusted to 2å'

of Ehe nick prtch (i.e., 0.02 run) '

1o362)

In Inven t ion ExarnpÌe D16, an en d mill- having th e

fottowing nicked peripheral cutting edges was produced'

SpecifrcaJ-Iy, a fj.rst nicked peripheral cutting edge was

consrdered a reference perípheraJ- cutEing edge, and the

remdrnÌng (second Eo fourth) peripheral- cutting edqes were

deviated from the above-obtained respective reference

phases. In a second nicked peripheral cutting edge, the

phase deviation âmount was adjusted to 5õ of the nick pitch

(í.e., 0.05 mm) , In a third nj.cked peripheraL cutting edge,

the phase deviation amount was adjusted to 3t of the nick

pitch (Í.e., 0,03 mm). In a fourth nicked peripheral

cutting edge, the phase devíatiôn amount was adj usted to 4t

of the nick pitch (i. e. ' 0.04 mm) '

t 0 3631
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In Invention ExampLe D17, an end mil-I having the

following nicked peripheral cuttinq' edges was produced.

Specifically, a first nicked pe¡rpheraì- cutting' edge was

consíde¡ed a ¡efe.rence perÍpheral cutting edge, and the

remaining (second to foutth) peripheral cutting edges were

devl.ated from the above-obtained respective reference

phases. In a second nicked pe.rrpheral cutting edge, the

phase deviation amount was adjusted to 2ß of the nrck pitch
(i.e., 0.02 Tnm) . In a third nicked peripheral cutting edge,

the phase deviatÍon amount was adjusted to 0* of the nick
pitch (i.e., 0 mm) . In a fourth nicked peripheral cuttíng
edge, L,he phase devia[ion amount was adlusted to Ot of the

níck pitch (i.e., 0 m¡n) ,

t0364 l

In Comparatíve ExampJ-e D3, an end mj-II havr-ng the

followinq' nícked peripheral cutting edges was produced.

Specifically, a first nicked perrpheral cutting edge was

considered a .refe¡ence peripheral cutting edge, and the

remaÍn j-ngr (second to fourth) peripheral cutCrng edges were

devÌated f¡om the above-obtained respective reference

pbases. In a second nicked peripheral cuttrng edge, the
phase deviation amount was adjusted Lo 6Ë of the nick pitch
(Í.e., 0.06 mrn). In a third nicked peripheral- cutting edge,

the phase deviation amount was adjusted to 0å of the nick
pitch (i.e., 0 mm) . In â fourth nicked perrpheral cutting
edq'e, the phase deviation amount wâs adjusted to 6& of the

nick pitch (i,e,, 0.06 mm).

194

Fracture  [0372]        In the cases of Invention Examples D13 to D17, stable cutting was performed
with reduced chattering vibration, and wear width fell within a normal range even after 50 m cutting.
Particularly, in the cases of Invention Examples 013 to D15 and 1117, similar to the case of Example
D1, wear width was as small as 0.10 mm or less after 50 m cutting. However, comparison between
the results of Example D1 and Example D2in which the test was performed under the same
conditionsindicated that, in many cases, the wear width of nicked peripheral cutting edge is slightly
larger than that of wavy peripheral cutting edge; i.e., wavy peripheral cutting edge is superior to nicked
peripheral cutting edge in terms of cutting of a workpiece such as die steel for hot working. [0373]
In the cases of Comparative Example D3 and Conventional Example D7, the amount of deviation from
the reference phase was large (i.e., 6%), and thus a large cutting load was applied to a nicked
peripheral cutting edge with large phase deviation amount, resulting in occurrence of chipping upon
30 m cutting (Comparative Example D3) and fracture upon 20 m cutting (Conventional Example D7).
In the case of Conventional Example D5, nick pitches were provided at equal intervals, and thus
chattering vibration was increased, and fracture occurred upon 15 m cutting, leading to the end of the
service life. In the case of Conventional Example DE   (i.e., product with unequally-separated angles),
chipping occurred upon 30 m cutting in a nicked peripheral cutting edge with a groove of small
separation angle. [0374]        In the cases of Invention Examples D18 to D24, in which the phase
deviation amount was adjusted to 2% to 3%, and end mills with various types of coat, no problems
occurred until 50 m cutting, and wear width was as small as 0.10 mm or less, which was comparable
to that in the case of end mills having wavy peripheral cutting edges. [0375] (Example D3) 



t036s l

In ConvenEionaJ. Example D5, t.here was Produced an end

miII having nicked perrpheral cutting edges of constant

phase deviaEion amount, wherein, Ín each nicked peripheral

cutting edge, the amount of deviatr-on from the reference

phase (i-e-, I/4 ôf the nick pitch of the reference

peripheral cuttrng edge) was adjusted to 0å.

In Conventional Example D6, theÌe was produced an end

mill having nj.cked peripheral- cutting edges of constant

phase deviation amount with dífferent separaEion angles

(i.e,, 95', 85', 95o, and 85") , wherein, rn each nrcked

peripheraì- cutting edge, the amount of devration frorn the

refe¡ence phase (i -e-, !/4 of che nJ.ck pitch ôf the

reference peripheral cuEtj.ng edge) Has adjusEed to 08.

t03661

In Cônventional Example D?, as described in Patent

Document 2, a hard coated end mrJ,I empJ-oyed for a cutEing

test (phase deviation amount: 6B) was produced from high-

speed tool steel . Specifrcally, a first nicked peripheral

cutting edge was considered a reference peripheral- cutting

edge, and the remaining (second to fourth) peripheral

cutting edges were deviated from the above-obtaíned

respective reference phases. In a second nicked peripheral

cutting edge, the phase deviaEion emount was adjusted to 69

of the nick pitch (r.e., 0.05 m¡n) , In a third nicked

periphera.ì- cutting edge, the phase deviatÍon amount was

adjusted to 0T of the nick pitch (i.e., 0 mm) . In a fourth

195

In Example D3, the end mill of the present invention was employed for further high-speed cutting, and
the service life of the end mill was compared with that of the end mill tested in Example Dl. In Example
D3, an end mill of Invention Example D25 was  produced (Example produced (Example produced
(Example produced (Example produced (Example  D1); an end in the same D1); an end in the same
D1); an end in the same D1); an end in the same D1); an end  mill of Invention Example 026 was
manner as in Invention Example D3 mill of Invention Example D27 was manner as in Invention
Example 04 mill of Invention Example D28 was manner as in Invention Example D6 mill of Invention
Example D29 was manner as in Invention Example 08 mill of Invention Example D30 was  produced
in the same manner as in Invention Example 010 (Example DI),: and an end mill of Invention Example
031 was produced in the same manner as in Invention Example 012 (Example D1). The end mills of
Example D3 were subjected to the same type of coat as in the corresponding end mills of Example Dl.
[0376]       Each of the end mills was subjected to a cutting test employing a workplace (die steel
SKD61 for hot working having a hardness of HRC 40). For the test, cutting was carried out under the
following conditions: rotational speed: 9,000 rotations/min (cutting speed: 226 m/min) (i.e., 1.5 times
that in Example D1), feed rate: 2,160 mm/min (0.06 mm of feed per cutting edge), amount of cutting in
axial direction: 4 mm, and amount of cutting in radial direction: 4 mm. For evaluation of the end mill,
50 m cutting was performed in a manner similar to that in Example Dl. The results are shown in Table
D3.   Sample No.  



nicked pe¡ipheral cutting edge, Ehe phase deviation amount

was adjusted Eo 2* of the nick pitch (i.e., 0.02 mm) .

fn each of the end mil-l-s of InventÍon Exampl-es Dlj to
D17, Comparative Example D3, and Conventional Examples D5

and D7, nicked peripheral cutting edges r^rere formed so âs to
have the satne s epa ¡ation angJ-e .

t036ll

In Invention Exanples D18 to D24, El¡e phase devíation

amount (*) of nicked pe.rlpheral cutting edges was adjusted

to faII vJithin a preferred range of the present inventíon
(r.e., 2T to 3S), and the end mil,ls of these Examples were

subjected to díffere¡t surface treatments (Í.e., coating

with dífferent hard coats). The thus-treated end mills were

sublected [o a cutting test. Eor compar j-son betHeen the

resu.lts of the end rnill-s having nicked perípheral cutting
edges and those of the end ¡nÍl-l-s having wavy peripheral

cutting edges. the phase deviation amount of the both type

of the peripheral cutting edges and Ehe type of surface

treatment were same.

t03581

Specifrcally, in a surface treatment process, both of

an end mr-lJ- having nicked perípheral cutting edges and an

end m j.l- 1 havrng wavy pe rÍphera.l- cutting edge s whos e phas e

deviation amount were equal, were placed Ín the same arc

discharge ion plating furnace under the dj-fferent coating

condltron to coat the end mill with a compôsíte layer, The

phase deviation amount of nicked peripberat cuttÌng edges

L96

Phase deviation amount (mm)  Type or surface treatment  Wear width (mm) Evaluation   Second
wavy peripheral cutting edge Third wavy peripheral cutting edge 



and the type of surface treatment are shown l.n Tabl'e D2.

[036e]

In Example D2, similar to the case of Example D1, each

end mí11- Has subjecEed tô a cutting test empl-oying a

workpiece (dÍe steeL SKD61 fo¡ hot workJ.ng having a ha¡dness

of HRC 40). Cutting conditions and evaJ-uation meEhod we¡e

Ehe same as those employed in Example D1 . The resu]'ts

(cutting length, wea¡ width of peripheral cutting edge' and

evaluation) are shown in Tabl-e D2'

t03lol

when none of breakage, f.racture, and chipping occurred

in perÍpheral cutting edges, etc. of an end mill until- 50 m

cutting, the end míl.I was evaluated as "good, " and the wear

width of the end mill was measured. When breakage,

frâcture, or chipping was obse¡ved in perr-pheral cutting

edgres of an end mil-l- before 50 m cutting, cutEing Has

stopped upon observâtiôn of breakage, fracture, or chípplng,

and the cuttrng length was recôrded- The results are shown

i n Tabl-e D2 ,

L97

Fourth wavy peripheral cutting edge Phase deviation amount (%) Innermost rayer Outermost layer
Intermediate rayer Cutting length   
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Invention Example D 25 0.02 0 0.02 2% (1145-A155)N (T180-Si20)N  50 m 0.1 Good  26 0.02 



lo312l

In the cases of Inventj.on Examples D13 Eo DI?, stable

cutting was performed wrth reduced chattering vibration, and

we ar wi dth fe l- l- wr thin a normaÌ range even a f te r 5 0 m

cutting. Particul-arJ-y, in the cases of Invention Examples

D13 to D15 and D17, símíJ-ar to the case of Exampl-e 01, wear

width was as small- as 0,10 mm or l-ess afte¡ 50 m cutting '

However, compa r J. son betr,J een the res ul-ts o f ExamPI e D1 and

Example D2-irl whj.ch the test was perforrned under the same

condÍ t i,ons-indicated th a t, in many ca se s r the wea r w idth

of nrcked peripheral cutting edge is slightly l-arger than

that of wavy peripheral- cutting edge; i.e., wavy perÍpheral

cutti¡g edge is superj.or to nrcked peripheraJ- cutting edge

in terms of cutting of a workpiece such as dj.e steel for hot

work ing .

t03731

In the cases of Comparative ExamPIe D3 and Conventional

Example D7. Ehe amount of deviatron frorn the reference phase

was Large (¡-.e., 6t), and thus a large cuttlng load was

applied. to a nicked peripheral cutting edge with Iarge phase

deviation âmount, resulting in occurrence of chipping upon

30 m cutting (Comparative Example D3) and fracture upon 20 rn

cutting (conventional Example D7). In the case of

conventional Example D5, nick pitches were provided at equaL

intervals, and thus chattering vibration was increased, and

fracture occu¡¡ed upon 15 m cutting, Ieading to the end of

the service .Iife, In the case of Conventional Example D6

799

0.03 0.02 3% (T145-A155)fi (1180-5120)N  50 m 0.1. Good  27 0.05 0.03 0.01 5% (1145-A155)N 



(r.e., product with unequal l y- separa t ed angJ-es), chipping

occurred upon 30 m cutting in a nicked peripheral cuttÍng
edge wrth a groove of small separation angle.

t03?41

In the cases of fnventron ExarnpJ-es D18 to D24, in which

the phase deviation amount was adjusted to 2t to 3f, and end

mil-l-s wrth various types of coat, no problerns occurred until
50 n cutting, and wear width was as smal-I as 0.10 nun or

]-ess, which was comparabl-e to Ehat Ín the case of end rnj-l-l-s

havj-ng wavy peripheral cutting edges,

t03?sl

(Exampl- e D3 )

In ExampJ.e D3, the end mill- of the present j.nventron

!ùas employed for further high-speed cutting, and the service
life of the end mill- v¡as compared wrth that of the end mill
tested in Example D1 .

In ExampJ-e D3, an end mill- of Inventíon Example D25 was

produced in the same manner as rn Invention Exañpl-e Dz

(Example D1); an end mill of rnvention Exarnple D26 was

produced in the same manner as in Invent:-on Example D3

(Example D1); an end mil-I of rnventron Example Dz'l was

produced in the same manner as in Invention Example D4

(Example D1); an end mrll of Invention Example D28 Has

produced in the same ñânner as in Invention Example D6

(Exampl-e D1) ,' an end nil- 1 of Invent j.on Example D2 9 wa s

produced in the same Ìnanner as j-n Invention Example Dg

(Example D1) ; an end mrl-I of Invention ExampÌe D30 r,¡as

200

(Ti8O-Si20)N (1115-A150- Si5)N 50 m 0.11 Good  28 0.02 0 0.02 2% (1115-A155)N (A150Cr37S13)
(A170-Cr30)N Sam 



produced in tha same manner as in fnventron Example D10

( Exanple D1 ) ,' and an end mi l- l- o f I nvent í on Examp le D3I wa s

produced in the same manner as in Invention Example D1.2

(Example DI) . The end ¡nilIs of Example D3 r.rere subjected to

the same type of coet as in the corresponding end mj'}ls of

Example Dl .

t03761

Each of the end mil-Is was subjected to a cu[trng tesE

employì.ng a workpiece (die steel SKD61 for hot working

having a ha¡dness of HRC 40). Eor the test, cutting was

carried out under the fol.Iov¡ing condrtions: rotational-

speed: 9,000 ¡otations,/min (cutting speed: 226 m/nín\ (i-e-,

1 . 5 tirnes thât 1n Example DL ) , feed rale'- 2,160 ¡nm,/nin (0 - 0 6

rnm of feed per cuEtíng edge), amount of cutting in axial

direction: 4 mm, and amount of cutting in radial direction;

4 mm. For evaluation of the end mj-11' 50 m cutting was

performed in a manne¡ similar to that in Example D1 . The

results are shown in Tabl-e D3,

207

0.12 diM Good  29 0.02 0 0.02 2% (TH5-A155)N (A170-Cr30)N  50 rn 0.1 Good  



S¿mple No.

Phas¿ devfðllon amount (mm)

Se(ond wävy
per¡pheral

cutting edge
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N
N)

Thlrd wry
peripheral

cutng edge
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InrrnUon
ExamDle D
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30 0.02 0 0 2% (1140-A155- Si5)N (Cr92-513- 85)N  50 m 0.12 Good  31 0.02 



t03781

As a resulE, Ín the cases of Invention Examples D25 to

D31, stable cutting was Performed, and wear wrdth fell-

with¡-n a normal range even after 50 m cutting; i,e-, the

same cuttÍng l-ength as in the case of Example D1 v,as

achieved even through high-speed cuLting, PartrcuÌarly,

when the amount of devíatr-on from Ehe reference phase fe1l

wrthj.n a preferred range (i. e., 2t to 3t) , r,rear width was

srnal-.1-er than tha t in the cas e of Invent ion Examp I e D2 7

(phase deviatron amount is 5* as an uPPer lrmrt of the

present invenEion).

[031e]

(Example D4)

In ExampÌe D4, a cutEing test (groove cutting) was

car.ried out for evaluating chiP remôval performance- An end

ni]] of Inventlon Example D32 was p.roduced in the same

manner as in Invention Example D1 (Examp]e DI),' an end mrII

o f Conven t ional- ExamP I e D8 r'ras produced rn t he same manner

as in conventionar Example Dl' (ExampJ-e D1); and an end mirl-

of Conventional Example D9 (i-e., cuttíng edge with

unequally- s epa ra t ed angles) was produced in the same mannel

as in ConventionaL ExampJ-e D2 (ExamPfe DI) - Each of the end

mi]-I s wa s test ed i n teÌms of f eed rate limit by us ing

structural steel- as a workpiece.

t 0380l

Cutting conditi-ons r,tere as folLov¡s: rotationa] speed:

8,000 rotations,/min (cuttrng speed: 200 m,/min), feed rate:

203

0 0 2% (1170-A130)N (TI30-A170)N (1140-A155- SiS)N 50 m 0.21 Good  [0378]        As a result, in
the cases of Invention Examples 025 to D31, stable cutting was performed, and wear width fell within
a normal range even after 50 m cutting;the same cutting length as in the case of Example D1 was
achieved even through high-speed cutting. Particularly, when the amount of deviation from the
reference phase fell within a preferred range (i.e., 2% to 3%), wear width was smaller than that in the
case of Invention Example D27 (phase deviation amount is 5% as an upper limit of the present
invention). [0379] (Example D4) 



2,000 nm,/mín (0,06 mm of feed per cutting edge), and amount

of cutting in axial- dj.¡ection: 8 mm. For evaluatron of each

end miII, feed rate was increased by 400 run/min every 1 m

cutting, and Ehe feed raEe at Hhich breakage occurrecl ças

recorded. When no problems occu.r.red after machining, rating
"O" was assigned, whereas when breakage occurred or when

fracture or chrpping occur¡ed after i. m cuttrng at any feed

rate, ¡aLing 'X" was assigned. A sample which attained a

feed rate of 3.200 mm./min or hígher was eval-uated as "good.'.
The results are shown in Tab1e D4.

t03811

Fable D4l

Sample No,
Separation of
cutting edges

Feed rate (mm/min)
Evaluation

2000 2400 2800 3200

Invention
Example D

32
Equal

sepa ration
o o o o Good

Conventlonal
Example D

8
Equal

separation
o o o X Fracû.¡ re

9
Unequal

separation
o o X Breakage

t 0 3821

As a result, in the case of Conventional Example D9

(i.e., product with unequal ly-seFara t ed angles), when feed

¡ate is increased for groove crrtting, chips become large.
I{hen s uch J-arge chips are j ammed ¡-n a sma L l- edge gro ove,

breakage or fracture occurs in the edge. In the case of
Invent ion Examp I e D32 , cu tt inq riras pe rf o.rmed unt Ì l- f eed ¡a t e

204

In Example D4, a cutting test (groove cutting) was carried out for evaluating chip removal
performance. An end mill of Invention Example D32 was produced in the same manner as in Invention
Example D1 (Example D1); an end mill of Conventional Example D8 was produced in the same
manner as in Conventional Example D1 (Example D1); and an end mill of Conventional Example
D9cutting edge with unequally-separated angles) was produced in the same manner as in
Conventional Example D2 (Example D1). Each of the end mills was tested in terms of feed rate limit
by using structural steel as a workpiece. [0380]        Cutting conditions were as follows: rotational
speed: 8,000 rotations/min (cutting speed: 200 mimin), feed rate:  2,000 mm/min (0.06 mm of feed per
cutting edge), and amount of cutting in axial direction: 8 mm. For evaluation of each end mill, feed rate
was increased by 400 mm/min every 1 m cutting, and the feed rate at which breakage occurred was
recorded. When no problems occurred after machining, rating "0" was assigned, whereas when
breakage occurred or when fracture or chipping occurred after 1 m cutting at any feed rate, rating "X"
was assigned. A sample which attained a feed rate of 3,200 mm/min or higher was evaluated as
"good." The results are shown in Table 04. [0381] [Table D4] Sample No. Separation of cutting edges
Feed rate (mm/min) Evaluation   2000 2400 



reached 3,200 mm/min without causing any problem. In

cont¡ast, in the case of Conventional Example D8, víbrat1on

was increased, and fracture occurred when feed rate reached

3,200 mm/min. In the case of Conventional Example D9 (i-e"

product ú¡íth unequa I ] y-separa ted angles), breakage occurred

r.¡hen feed rate reached 2,800 mm/min. Through obse¡vat j-on of

the tool- thereafter, weldr-ng of chips was found in edge

grooves having small separat:-on angle, and breakage was

found to occu.r as a resu.l-t of jamming of chips in edge

grooves .

t038 3l

( ExarnPI e D5 )

In Example D5, peripheral cutting edges having

different forms (i.e,, wavy peripheral cutting edge and

nicked peripheral cutting edge) were compared wíth each

othe¡ by carrying out a cuttrng test ernploying an easy-to-

'^reld workpÍece (starn.l-ess steel sUS304 ) . As shor.¡n in the

above-descrrbed Examples, r,lhen the phase deviat.:.on amount

was âbout 2t. satisfactory results Here obtained in both the

cases of wavy peripheral ctrtting edg'e and nrcked perípheral

cutting edge, Therefore, an end mil-l- of Inventíon Example

D33 was produced in Ehe same manner as in Invention Examp]-e

D2 (Exâmpl-e D1), and an end mil'f of Invention Exarnple D34

Has produced in the same manner as j-n Invention Exarnple D14

(Exampte D2), Each of the end mil-l-s v¡as subjected to a

cutting test.

[0384 ]
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2800 3200  Invention Example D 32 Equal separation 0 0 0 0 Good Conventional Example D 8 



Eor service l-ife testing, cutting was carried out under
the foll-owing condiCions: rotational speed: 5,000

rotat¡-ons,/min (cuttinq' speed: I25 m/min), feed rate: 1.,200

mm/min (0.06 mn of feed pe¡ cutting edge), amount of cuttíng
Ín axial- direction: 4 mm, and amount of cutting in radial
di¡ectioni 1 Ìun. For evaluatíon of each end mill-,
peripheral cuE.ting edges thereof were observed every 5 m

cuttrng. !ùhen neither fracture nor chipping occurred in an

end mil-l until 30 m cuttÍng, the end rnj-l-l- r,¡as evaluated âs

"good, " and the wear r¡idth of the end miII was measured.

The results are shown in TabIe D5.
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Equal separation 0 0 0 X Fracture  9 Unequal separation 0 0 X  Breakage 



Sample No.

Peripheral
cutting edge

shape

Inventlon
üample D

33
waw

peripheral

cutting edge

secÐnd waw
(nicked)

peripheral
rr iin¡ crlnc

Phase devlaUon amount (mm)

34
Nicked

peripheral

cuüinq edqe

I ntro Ìvavy
(nicked)

peripheral
.r d+¡ññ odñô

0.02

0.02

xrunn wavy
(nicked)

perlpheral
¡r r*in¡ aul¡a

0

Phase

dgviation
amount

("Á)

0

0,02

Cuüing
length

0,02

2qo

Wear

wldür

30m

2olo

Evaluation

0,1¡l mm

30m

=otro
?D-'

0uro (¡
(n

0.13 mm

Good

Good

[0382]       As a result, in the case of Conventional Example D9 (i.e., product with unequally-separated angles), when feed rate is increased for
groove cutting, chips become large. When such large chips are jammed in a small edge groove, breakage or fracture occurs in the edge. In the case
of Invention Example D32, cutting was performed until feed rate  reached 3,200 mm/min without causing any problem. In contrast, in the case of
Conventional Example D8, vibration was increased, and fracture occurred when feed rate reached 3,200 mm/min. In the case of Conventional
Example D9 (i.e., product with unequally-separated angles), breakage occurred when feed rate reached 2,800 mm/min. Through observation of the
tool thereafter, welding of chips was found in edge grooves having small separation angle, and breakage was found to occur as a result of jamming
of chips in edge grooves. [0383] (example D5)        In Example D5, peripheral cutting edges having different forms (i.e., wavy peripheral cutting edge
and nicked peripheral cutting edge) were compared with each other by carrying out a cutting test employing an easy-toweld workpiece (stainless
steel 3U3304). As shown in the above-described Examples, when the phase deviation amount was about 2%, satisfactory results were obtained in
both the cases of wavy peripheral cutting edge and nicked peripheral cutting edge. Therefore, an end mill of Invention Example D33 was produced
in the same manner as in Invention Example D2 (Example D1), and an end mill of Invention Example D34 was produced in the same manner as in
Invention Example D14 (Example D2). Each of the end mills was subjected to a cutting test. [0384]         For service life testing, cutting was carried
out under the following conditions: rotational speed: 5,000 rotations/min (cutting speed: 125 m/min), feed rate: 1,200 mm/min (0.06 mm of feed per
cutting edge), amount of cutting in axial direction: 4 mm, and amount of cutting in radial direction: 1 mm. For evaluation of each end mill, peripheral
cutting edges thereof were observed every 5 m cutting. When neither fracture nor chipping occurred in an end mill until 30 m cutting, the end mill
was evaluated as "good," and the wear width of the end mill was measured. The results are shown in Table D5.  Sample No. Peripheral cutting edge



t038 6l

As a resuJ.t. in the cases of Invention Examples 033 and

D34, wear uidth feII within a no.rmal ¡ange even after 30 m

cutting, which indicates that an easy-to-veld workpiece

(e.9,, stainless steel) can be cut by means of each of the

end nil-ls. However, the L¡ear hridth of nlcked peripheral

cuttrng edges in Invention Example D34 was found to be 0,13

run, whÍch is sl-Ìghtly smaller than Ehat of wavy peripheral-

cutting edges in Invention Example D33 (i.e., 0.14 nm).

These data show that nícked peripheraL cutting edge rs

supe¡ior to wavy perj.phe¡a1 cutting edge in terms of cutting

of an easy-to-weld workpíece such as staj-nless steel.

t03871

These data rndicate tbat the hard coated end mil-l of

the present invention having r;avy peripheral cutt j.ng edges

is suitable for machining of a hard-to-v¡el-d workpiece such

as strucEural steel. structuraì- aJ-J-oy steeJ., die steel for
cold or hot working/ whereas the ha¡d coated end mil-I of the

present ínventron having nicked peripheral cutting edges is
suitable for machining of an easy-Eo-weld workpiece such as

stainless stee1, trtanium a]-]-oy, or s uper -he a E.-res i stant

a 1l-oy .

t0388l

( Example E 1. )

In ExampÌe E1, concave pockets were formed through

carving by the cutting nethod of the present invention and a

conventronal cutting rnethod for comparison of machining time

208

shape Phase deviation amount (mm) Phase deviation amount (%) Culling length Wear width
Evaluation   Second wavy (nicked) peripheral 



(:-ncluding setup time) between these methods' The cutting

meEhod of the present inventj.on was ca¡ried out by means of

an end mill which was produced ln the same manner as in

Invention Example A1 , The conventional- cutting method wâs

carried out by means of an end miII ',¡hich was produced in

the same manner as in Conventional Example CI, except that

the cuttíng edge length was adjusted to 25 mm.

t038 9l

Símil-ar to the case of ExarnpJ-e c1, a concave pocket (50

mm in width, 50 rnm rn l-ength, 24 m¡n ín depth) was formed in

a carbon steel- workpiece through the cutting method of the

presenE invention using the carbide end mill- of the present

inventlon and the conventional cutting method for comparison

of Ehese methods. In the cutt j-ng method of the present

invention, simiLa¡ to the case of Example Cl, Ehe concave

pocket was formed by a process including a step of oblique

cutting until a depth of 8 mm, and a subsequent step of

l-ateral-feed machining until a widEh of 50 mm and a Length

of 50 run, which process ú¡as performed thrj.ce unEil a depth

of 24 mm. In contrast, in the convention method, fj-rstly. a

hoJ-e havÍng a depth of 24 mm was formed in the center ôf the

workpíece by means of a driLl, and subsequentl-y, the

aforementioned width and length were achieved through

cutting by rneans of the conventionaJ. end mill-.

t0390l

În the cutting met.hod of the Present invention

employing the end miII of the present invention, trdo types

209

cutting edge Third wavy (nicked) peripheral cuttiliq edge Fourth wavy (nicked) peripheral cutting edge
invention Example D 33 



of cutting (í.e., lateral--feed cutting and obll.que cutEing)

we.re con L inuous I y per formed . Cut E.ing r^¡as carried ou E under

the following condrtions: rotationaJ- speed: 6,000

rotations/min (cutting speed: 150 rnlrnin), feed rate: 1,920

mm/min (0.08 mm of feed per cutting edge) , amount of cutLing
Ín axial direction: 8 run, amount of cutting Ín radral
direction: 4 mm, feed .¡ate upon oblíque cutting = 7,2OD

run/min, and tilt angle: 20e.

I¡ the convention method. the acceptable maxinum tilt

angl-e of the end mj-ll during oblique cutting is about 5o,

and a .Long period of E.ime is required for nachinrng.

Therefore, rn the conventio¡al method, a hole was fo¡med in
advance by means of a dlil-l-, and tben cutting was performed

by the end mill for formation of the côncave pocket. In the

cutting method employing the conventlonal- end milJ-, cuttrng
was carried out under the fol-l-owing conditions: rotational
speed: 4,000 rotatrons/min (cuttrng speed: 100 rnlmin), feed

rate: 1,280 rnm/min (0.08 rnfn of feed per cutting edge),

amount of cutting in axial- direction: I mm, and amount of
cutting in radial- dírecEion: 1 mm.

t03911

For evaluation of the method of the present rnvention

and the conventional method, the tine required in each step

for formÍng a concave pocket through carving was measured.

When the total- time of steps Ín the cuttíng rnethod hras 10

minutes or shorter, the method r¿as eva]uated as "good. " The

evaluation resul-ts are shown in TabIê E1-

2ro

Wavy peripheral cutting edge 0.02 0 0.02 2% 30 m 0.14 mm Good  34 Nicked peripheral cutting edge
0.02 
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0 0.02 2% 30 in 0.13 mm Good  [0386]        As a result, in the cases of Invention Examples 033 and D34, wear width fell within a normal range even
after 30 m cutting, which indicates that an easy-to-weld workpiece (e.g., stainless steel) can be cut by means of each of the end mills. However, the
wear width of nicked peripheral cutting edges in Invention Example D34 was found to be 0.13 mm, which is slightly smaller than that of wavy
peripheral cutting edges in Invention Example D33 (i.e., 0.14 mm). These data show that nicked peripheral cutting edge is superior to wavy
peripheral cutting edge in terms of cutting of an easy-to-weld workpiece such as stainless steel. [0387]       These data indicate that the hard coated
end mill of the present invention having wavy peripheral cutting edges is suitable for machining of a hard-to-weld workpiece such as structural steel,
structural alloy steel, die steel for cold or hot working, whereas the hard coated end mill of the present invention having nicked peripheral cutting
edges is suitable for machining of an easy-to-weld workpiece such as stainless steel, titanium alloy, or super-heat-resistant alloy. [0388] (Example
El) In Example El, concave pockets were formed through carving by the cutting method of the present invention and a 



performance lateral--feed cuttj.ng, and thus Ehe total tíne
required for completion of machinÌng was shorter than 1,0

minutes (i.e., seven minutes), which is about 1/3 that in
the case of the conventional method.

In contrast, in the conventronaJ. method, e hole was

fo¡med in advance by means of a driII, and then cutting was

performed by the conventional- end mil-l- for formation of the
concave pocket, which is due to the fac[ that the possibl-e

tilt angle of the end mil-I during oblrque cutting is at mosE

about 5"- Since high-speed cuttrng conditions Here failed
to be achÍeved by the conventÍonal- end mill, the

convenE.ional method .required a toEaI trme of 2O minutes

(incJ-trdrng the times of setup and machíning upon driIJ.ing,
and the time of machining by rneans of the conventional end

mill-).

Industrial Applicabil-íty

t0394 l

According to the carbide end mil-l of the present

lnvention havíng a novel- peripheral cutting edg.e shape and

the cutting method employing the end rniIt, in the field of
machining (e.9., die machining or parL machining) , high-
perfo¡mance nachining (i.e., abouE. 1,,5 ti¡nes o.r more that in
conventlonal cases) can be achieved in rough machining of a

workpiece such as st¡ucturel sEeel, structural all,oy steel-,

die steel- for co.Id or bot wo¡king, stainless steel-, titanium
aJ,Ioy, or s uper-heat- resistant altoy.
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conventional cutting method for comparison of machining time   (including setup time) between these
methods. The cutting method of the present invention was carried out by means of an end mill which
was produced in the same manner as in Invention Example Al. The conventional cutting method was
carried out by means of an end mill which was produced in the same manner as in Conventional
Example Cl, except that the cutting edge length was adjusted to 25 mm. [0389]        Similar to the
case of Example Cl, a concave pocket (50 mm in width, 50 mm in length, 24 mm in depth) was formed
in a carbon steel workpiece through the cutting method of the present invention using the carbide end
mill of the present invention and the conventional cutting method for comparison of these methods. In
the cutting method of the present invention, similar to the case of Example Cl, the concave pocket
was formed by a process including a step of oblique cutting until a depth of 8 mm, and a subsequent
step of lateral-feed machining until a width of SO mm and a length of 50 mm, which process was
performed thrice until a depth of 24 mm. In contrast, in the convention method, firstly, a hole having a
depth of 24 mm was formed in the center of the workpiece by means of a drill, and subsequently, the
aforementioned width and length were achieved through cutting by means of the conventional end
mill. [0390]        In the cutting method of the present invention employing the end mill of the present
invention, two types of cutting (i.e., lateral-feed cutting and oblique cutting) were continuously
performed. Cutting was carried out under the following conditions: rotational speed: 6,000
rotations/min (cutting speed: 150 m/min), feed rate: 1,920 mm/min (0.08 mm of feed per cutting edge),
amount of cutting in axial direction: 8 mm, amount of cutting in radial direction: 4 mm, feed rate upon
oblique cutting: 1,200 mm/min, and tilt angle: 20.       In the convention method, the acceptable
maximum tilt angle of the end mill during oblique cutting is about 5, and a long period of time is
required for machining. Therefore, in the conventional method, a hole was formed in advance by
means of a drill, and then cutting was performed by the end mill for formation of the concave pocket.
In the cutting method employing the conventional end mill, cutting was carried out under the following
conditions: rotational speed: 4,000 rotations/min (cutting speed: 100 m/min), feed rate: 1,280 mm/min
(0.08 mm of feed per cutting edge), amount of cutting in axial direction: 8 mm, and amount of cutting
in radial direction: 1 mm. [0391]        For evaluation of the method of the present invention and the
conventional method, the time required in each step for forming a concave pocket through carving
was measured. When the total time of steps in the cutting method was 10 minutes or shorter, the
method was evaluated as "good." The evaluation results are shown in Table El.    Drill Tool 



In the field of machínrng, there has been a keen demand

for h i gh-per formance machining (ínclrrding longitudinal-feed

cuItrng, lateral-feed cLrtting, and oblique cuttj-ng) of

tempered steeÌ or quenched steel- (about HRC 40 or more) for

formation of a complicated shape by means of a single end

mill . The present i¡vention can provide a carbide end rníII

which meets such commerci-aI demands for the first tirne-

DESCRIPTION OE REFERENCE NUMERALS

t03 9s l

1 peripheral- cutting edges

2 LooL end side

3 shank srde

4 Haveform pi Ech

5 wave height

6 crest portion

7 trough portion

8 nic k pJ.tch

9 depth

10 reference peripheral cutting edge

11 second wavy peripheral cutting edge

L2 thj-rd wavy peripheral cutting edge

13 fourth wavy peripheraJ. cutting edge

L4 reference phase

15 deviation amount

L6 flute

1,7 second nicked peripheral cutting edge
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exchange End miii 'cabal time  Setup Machining  Setup Machining  Method of the present invention  . -
5 minutes 



18 third nÍcked peripheral- cutting edge

I9 fourth nÍcked peripheral cutting edge

20 intersection

31 hard coa t

34 nick

35 tool-end-side rounded portr.on

36 tool-shank-side rounded portion

37 bottom portion

38 bottom end

39 nick groove

40 straj.ght portíon

4I convex curve portion

42 concave circular portion

43 edge portÍon

5l- first gash surface

52 second gash surface

53 third gash surface

54 crossing portion beEween the first gash surface and the

second gash surface

55 frrst gash aftgl e

56 crossÌng portion between the fitst gash surface and the
third gash surfâce

57 second gash angle

58 Iength of a connectron portion

59 cìrtting edge portion

60 tool-holding portion

61 outernost layer

I

I

21,4

2 minutes 7 minutes Conventional method 5 minutes 3 minutes 1 minute 5 minutes 6 minutes 20
minutes   NJ  performance lateral-feed cutting, and thus the total time required for completion of
machining was shorter than 10 minutes (i.e., seven minutes), which is about 1/3 that in the case of the
conventional method.        In contrast, in the conventional method, a hole was formed in advance by
means of a drill, and then cutting was performed by the conventional end mill for formation of the
concave pocket, which is due to the fact that the possible tilt angle of the end mill during oblique
cutting is at most about 5_ Since high-speed cutting conditions were failed 



62 innermost layer

63 coa[ having Ehe same composition as Ehe innermost J-ayer

64 coat having the same composition as the outermost Iayer

65 rnte.rmedj.ate Iayer

66 base carbrde

D tooJ. diameter

RI curvature radj.us of a tool--end-side lounded portion

R2 curvature radius of a tool-shank-side rounded Portíon

R3 curvature radius of concave arc portion

0 helix angle

2L5

to be achieved by the conventional end mill, the conventional method required a total time of 20
minutes (including the times of setup and machining upon drilling, and the time of machining by
means of the conventional end mill). Industrial Applicability [0394]       According to the carbide end
mill of the present invention having a novel peripheral cutting edge shape and the cutting method
employing the end mill, in the field of machining (e.g., die machining or part machining),
high-performance machining (i.e., about 1.5 times or more that in conventional cases) can be
achieved in rough machining of a workpiece such as structural steel, structural alloy steel, die steel for
cold or hot working, stainless steel, titanium alloy, or super-heat-resistant alloy.          In the field of
machining, there has been a keen demand for high-performance machining (including
longitudinal-feed cutting, lateral-feed cutting, and oblique cutting) of tempered steel or quenched steel
(about HRC 40 or more) for formation of a complicated shape by means of a single end mill. The
present invention can provide a carbide end mill which meets such commercial demands for the first
time. DESCRIPTION OF REFERENCE NUMERALS [0395] 1 peripheral cutting edges 2 tool end side
3 shank side 4 waveform pitch 5 wave height 6 crest portion 7 trough portion 8 nick pitch 



CLAIMS

1.. A carbide end miII whÍch incl-udes a plurality of wawy

peripheral cutting edges each having al-Cernate crest
portions and trough portions, or a plurality of peripheral
cutting edges each having a pturality of nicks for breaking
chips, wherern, when a certain peripheral- cutting edge ís
considered a reference perÍpherâl- cuEEing edge having

reference phases, where j-n the distance of the reference

phase rs an amount côrresponding to a value obtaíned by

dividing the pitch of the nÍcks or wavefo¡m of the reference
peripheral cutting edge by the number of the cutting edges,.

and the phase of at feast one of the remaining peripheral
cutting edges is deviated in the direction of a tool axis
frorn the correspondrng reference phase by an amount of 5t ot
less (exch¡ding 09) of the pitch.

2, A carbíde end miJ.J. according to c1aÍm 1, the phase of aE.

Ieast one of the remaining perj-pheral cutting edges is
deviated in the dírecti.on oI the tooJ. axis from the
corresponding reference phase by an amount corresponding to
1t to 3å of the prtch,

3 . .ê, carbi de end mi 1l- according t o claim 1 , r^rherein the

carbide end miII has three or more peripheral- cuttÍng edgesi

a[ l-east a pair of peripheral cutting edges of the adjacent
peripherâl- cuttrng edges have no phase deviation from the

21,6

9 depth 10 reference peripheral cutting edge 11 second wavy peripheral cutting edge 12 third wavy
peripheral cutting edge 13 fourth wavy peripheral cutting edge 14 reference phase 15 deviation
amount 16 flute 17 second nicked peripheral cutting edge  18 third nicked peripheral cutting edge 19
fourth nicked peripheral cutting edge 20 intersection 31 hard coat 34 nick 35 tool-end-side rounded
portion 



respective reference phases of the refe-rence perj-phera]

cuttrng edge, wbereín, the distance of the reference phase

is an amount co.r.responding to a vaJ-ue obtained by drviding

the pítch of the nicks or waveform of the reference

perÍpheral cutting edge by the number of Ehe cutting

edges-and the amounts of phase devratÍon of the remaining

perJ.pheral cuttíng edges from the resPectrve reference

phases are unequal wiEh each other.

4. A ca¡bide end mill- according to claim 1,, wherein each

perrpheral cutting edge has a plurality of nicks; when one

peripheral cutEÍng edge and its nicks are vj.er+ed on a c¡oss

section skewed at an angJ-e equa.L Eo a hel-ix angl-e of the e¡d

mr-IJ-, opposite ends of each nick are smootbly connected to

adjacent portions of the peripheral cutting edge via rounded

portions; and the radius of cu.rvature of the tool-end-side

round portion of the nick is smaller then that of t.he Eool-

shank-sÍde round portíon of the nick.

5. A carbide end miII according to claim 4. wherern the

bottom end of the groove of each nick rs cônnected with lhe

tool-shank-sj,de round portíon via a straight portíon or a

curve portion which is convexed toward the nick, or

connected with the tool-shank-side round portj.on via a

straight portion and a curve porEion r¿hich is convexed

totlard the nick,

2t1

36 tool-shank-side rounded portion 37 bottom portion 38 bottom end 39 nick groove 40 straight
portion 41 convex curve portion 42 concave circular portion 43 edge portion 51 first gash surface 52
second gash surface 53 third gash surface 54 crossing portion between the first gash surface and the
second gash surface 55 first gash angle 56 crossing portion between the first gash surface and the
third gash surface 57 second gash angle 58 length of a connection portion 



6- A ca¡bide end mill- according to claim 4, wherej.n, when

Ehe tool diameter of the nicked carbide end mill is
represented by D, the radíus of curvatu¡e of the tool-end-
síde rounded portion of each nick is 0.01D to 0.03D, the

radius of curvature of the tool-shank-side rounded portion

of eâch nick is 1.5 to 2 times the radius of curvature of
the tool-end-side rounded po.¡tion of each nick, and the

depth of each nrck is 0.OID to 0,05D,

'l - A carbide end mil-l according to any one of cl-aíms I to 6,

wherein, the carbide end miII incl-udes the plurality of
peripheral cuttj.ng edges, end cutting edges, and gashes each

composed of a pl-uraIiCy of gash surfaces,- the pluralrty of
gash surfaces Ínclude a fi¡st gash surface serving as a

cutting' face of the cor¡esponding end cutting edge, a second

gash strrface provided on the side toward the rotatíonaI
center of L,he tool axis of the end míII, and a third gash

surface provJ.ded on the peripherat side of the end mill.- a

frrst gash angl-e of 15' to 35' is formed between a c.rossrng

portion between the fírst gash surface and the second gash

surface, and a plane pe rpendicul-ar ly j.ntersecting the tool

axis,' e second gash angl-e of 40' to 60" rs formed between a

crôssing porEion between the first gash surface and the

third gash surface, and the plane perpendicularly

intersectj.ng the tool axrs; and the l-ength ôf a connectron

portion betHeen the second gash surface and the third gash

su¡face is not less than 5t the tool- diameter as measured

218

59 cutting edge portion 60 tool-holding portion 61 outermost layer  62 innermost layer 63 coat having
the same composition as the innermost layer 64 coat having the same composition as the outermost
layer 65 intermediate layer 66 base carbide D tool diameter R1 curvature radius of a tool-end-side
rounded portion R2 curvature radius of a tool-shank-side rounded portion R3 curvature radius of
concave arc portion 0 helix angle  CLAIMS 



from the tool rotati.on axis and l-ess than 208 the tool

di amete r .

8, A carbide end mÍII accordíng to any one of cl-aims 1 to 6'

wherein, the end mil-l- rs used Eo cut a workpiece formed of

structu¡al- steel, structural- aJ-Ioy steel, díe steel for cold

workÍng, die steel fo¡ hot working, stalnless steel,

tl.tanrum aIloy, or super-heat-resistant al-J-oy.

9- A carbide end mill- according to any one of claims I to 6,

whereín the Havy peripheral cutting edgres are covered with a

bard coat.

10. A carb j.de end rnill- according Eo claim 9, whe¡e.:.n Ehe

hard coat is cornposed of an outermost layer and an inne¡most

Iayer in contact with the su¡faces of the peripheral cuttrng

edges, ô.r the hard coaE is composed of a comPosrte layer

substanE.ially eguivalent to a layered structure composed of

aJ.ternatel-y l-ayered first and second Laye.rs, the first

layers having the same conposition as the innermost Iayer

and the second J-ayers having the same compositron as the

outermosE layer, ôr a composite Iayer inc]-uding the

innermost Ìayer and the ouEermost layer' and one or more

intermediaE.e layers interposed the¡ebetween'' and the

outermost Iayer is g'¡eater in ox¡-dation resj.stance and wear

resistance than the innermost layer'
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1. A carbide end mill which includes a plurality of wavy peripheral cutting edges each having alternate
crest portions and trough portions, or a plurality of peripheral cutting edges each having a plurality of
nicks for breaking chips, wherein, when a certain peripheral cutting edge is considered a reference
peripheral cutting edge having reference phases, wherein the distance of the reference phase is an
amount corresponding to a value obtained by dividing the pitch of the nicks or waveform of the
reference peripheral cutting edge by the number of the cutting edges; and the phase of at least one of
the remaining peripheral cutting edges is deviated in the direction of a tool axis from the
corresponding reference phase by an amount of 5% or less (excluding 0%) of the pitch. 2. A carbide
end mill according to claim 1, the phase of at least one of the remaining peripheral cutting edges is
deviated in the direction of the tool axis from the corresponding reference phase by an amount
corresponding to 1% to 3% of the pitch.  3. A carbide end mill according to claim 1, wherein the
carbide end mill has three or more peripheral cutting edges; at least a pair of peripheral cutting edges
of the adjacent peripheral cutting edges have no phase deviation from the   respective reference
phases of the reference peripheral cutting edge, wherein, the distance of the reference phase is an
amount corresponding to a value obtained by dividing the pitch of the nicks or waveform of the
reference peripheral cutting edge by the number of the cutting edgesand the amounts of phase
deviation of the remaining peripheral cutting edges from the respective reference phases are unequal
with each other.  4. A carbide end mill according to claim 1, wherein each peripheral cutting edge has
a plurality of nicks; when one peripheral cutting edge and its nicks are viewed on a cross section
skewed at an angle equal to a helix angle of the end mill, opposite ends of each nick are smoothly
connected to adjacent portions of the peripheral cutting edge via rounded portions; and the radius of
curvature of the tool-end-side round portion of the nick is smaller than that of the toolshank-side round
portion of the nick.  5. A carbide end mill according to claim 4, wherein the bottom end of the groove of
each nick is connected with the tool-shank-side round portion via a straight portion or a curve portion
which is convexed toward the nick, or connected with the tool-shank-side round portion via a straight
portion and a curve portion which is convexed toward the nick.   6_ A carbide end mill according to
claim 4, wherein, when the tool diameter of the nicked carbide end mill is represented by D, the radius
of curvature of the tool-endside rounded portion of each nick is 0.01D to 0.03D, the radius of curvature
of the tool-shank-side rounded portion of each nick is 1.5 to 2 times the radius of curvature of the
tool-end-side rounded portion of each nick, and the depth of each nick is 0.01D to 0.05D. 7. A carbide
end mill according to any one of claims 1 to 6, wherein, the carbide end mill includes the plurality of
peripheral cutting edges, end cutting edges, and gashes each composed of a plurality of gash
surfaces; the plurality of gash surfaces include a first gash surface serving as a cutting face of the
corresponding end cutting edge, a second gash surface provided on the side toward the rotational
center of the tool axis of the end mill, and a third gash surface provided on the peripheral side of the
end mill; a first gash angle of 15 to 35 is formed between a crossing portion between the first gash
surface and the second gash surface, and a plane perpendicularly intersecting the tool axis; a second
gash angle of 40 to 600 is formed between a crossing portion between the first gash surface and the
third gash surface, and the plane perpendicularly intersecting the tool axis; and the length of a
connection portion between the second gash surface and the third gash surface is not less than 59.0-
the tool diameter as measured  from the tool rotation axis and less than 20% the tool diameter. S. A
carbide end mill according to any one of claims 1 to 6, wherein, the end mill is used to cut a workpiece
formed of structural steel, structural alloy steel, die steel for cold working, die steel for hot working,
stainless steel, titanium alloy, or super-heat-resistant alloy. 



Lt, A carbide end mrl-l according Eo claim l.O, wherein the
inne¡most layer of the hard coat is formed of compound

selected from one of a nitríde, carbonitride, oxynrtride,
and oxycarbonit¡ide containÍng Ti and Al- as main metallic
components, ând the outermost layer of the hard coat is
forrned of compound selected from one of a nitride,
carbonítride, oxynr.trÌde, or oxycarbonitride containrng Ti
and S i a s ma j.n me t al J, ic component s .

12- A catbide end mrJ.L according Lô cla j-m 10, wherein the
j.nnermost layel of the hard coat is formed of a nÍtride
containing one or more metâI elements selected from among

41, Cr, Ti. and Si; the inEermediate l-ayer is formed of a

compound containÍng one or more metal elements selected f¡om
among Al,, Cr, Ti, and Si, and one or more elements selected
from annong N, B, C, and O; and the outermost layer of the
hard coat is formed of a compound containing one or more

metal el-ements sel-ected from among Ti and Si, and one or
more elements sel-ecLed from among N, S, C. and B.

13. A carbide end hiII accordíng to cl-aim 10, wherein each

of the innermost layer ând the outermost J-ayer of the coat
is fo¡med of a nr t rogen-conta j.ni ng TiAI compound which is
represented by the formula Ti"AIr-xN, the inne¡most layer is
formed of titanium-rrch Ti"Al-r_*N (i.e., 0,5 < x S 1), and

the oLrtermost layer is formed of aLuminum-rich Ti*Al1_*N

(i.e., 0 < x < 0.5).
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9. A carbide end mill according to any one of claims 1 to 6, wherein the wavy peripheral cutting edges
are covered with a hard coat.  10. A carbide end mill according to claim 9, wherein the hard coat is
composed of an outermost layer and an innermost layer in contact with the surfaces of the peripheral
cutting edges, or the hard coat is composed of a composite layer substantially equivalent to a layered
structure composed of alternately layered first and second layers, the first layers having the same
composition as the innermost layer and the second layers having the same composition as the
outermost layer, or a composite layer including the innermost layer and the outermost layer, and one
or more intermediate layers interposed therebetween; and the outermost layer is greater in oxidation
resistance and wear resistance than the innermost layer.  11. A carbide end mill according to claim
10, wherein the innermost layer of the hard coat is formed of compound selected from one of a nitride,
carbonitride, oxynitride, and oxycarbonitride containing Ti and Al as main metallic components, and
the outermost layer of the hard coat is formed of compound selected from one of a nitride,
carbonitride, oxynitride, or oxycarbonitride containing Ti and Si as main metallic components.  12. A
carbide end mill according to claim 10, wherein the innermost layer of the hard coat is formed of a
nitride containing one or more metal elements selected from among Al, Cr, Ti, and Si; the intermediate
layer is formed of a compound containing one or more metal elements selected from among Al, Cr, Ti,
and Si, and one or more elements selected from among N, B, C, and CI; and the outermost layer of
the hard coat is formed of a compound containing one or more metal elements selected from among
Ti and Si, and one or more elements selected from among N, S, C, and B.  13. A carbide end mill
according to claim 10, wherein each of the innermost layer and the outermost layer of the coat is
formed of a nitrogen-containing TiAl compound which is represented by the formula Ti.Alla the
innermost layer is formed of titanium-rich Ti.A11-00.5 < x1), and the outermost layer is formed of
aluminum-rich Ti".8111_,N (i.e., 0x < 0.5).  14. A carbide end mill according to any one of claims 1 to
6, wherein the end mill is used to cut a workpiece formed of structural steel, structural alloy steel, die
steel for cold or hot working, stainless steel, titanium alloy, or superheat-resistant alloy; and        the
carbide end mill includes the plurality of peripheral cutting edges, end cutting edges, and gashes each
composed of a plurality of gash surfaces; the plurality of gash surfaces include a first gash surface
serving as a cutting face of the corresponding end cutting edge, a second gash surface provided on
the side toward the rotational center of the tool axis of the end mill, and a third gash surface provided
on the peripheral side of the end mill; a first gash angle of 15 to 350 is formed between a crossing
portion between the first gash surface and the second gash surface, and a plane perpendicularly
intersecting the tool axis; a second gash angle of 400 to 60 is formed between a crossing portion
between the first gash surface and the third gash surface, and the plane perpendicularly intersecting
the tool axis; and the length of a connection portion between the second gash surface and the third
gash surface is not less than 5% the tool diameter as measured from the tool rotation axis and less
than 20% the tool diameter. 15. A carbide end mill according to any one of claims 1 to   6, wherein the
carbide end mill includes the plurality of peripheral cutting edges, end cutting edges, and gashes each
composed of a plurality of gash surfaces; the plurality of gash surfaces include a first gash surface
serving as a cutting face of the corresponding end cutting edge, a second gash surface provided on
the side toward the rotational center of the tool axis of the end mill, and a third gash surface provided
on the peripheral side of the end mill; a first gash angle of 15 to 35 is formed between a crossing
portion between the first gash surface and the second gash surface, and a plane perpendicularly
intersecting the tool axis; a second gash angle of 40 to 600 is formed between a crossing portion
between the first gash surface and the third gash surface, and the plane perpendicularly intersecting
the tool axis; and the length of a connection portion between the second gash surface and the third
gash surface is not less than 5% the tool diameter as measured from the tool rotation axis and less
than 20% the tool diameter; and       the wavy peripheral cutting edges are covered with a hard coat.
16. A carbide end mill according to claim 15, wherein the hard coat is composed of an outermost layer
and an innermost layer which is stacked directly on the surfaces of the peripheral cutting edges, or the
hard coat is formed of a composite layer stacked by repeating substantially the same  



14. A carbide end nil-l- according to any one of c.Laims 1 to

6, whereÍn the end mil-I :-s used to cut a wôrkprece forrned of

structural steel-, structura] alIoy steel, die steel for col-d

or hot working, stainless steel, titanium alloy, oE suPer-

heat-¡esistant alLoy; and

the carbide end mill- includes the pluralÍty of

perr-pheral cuttj.ng edges, end cutting edges, and gashes each

composed of a pì-rlrality of gash surfaces; the p1uralíty of

gash surfaces incl-ude a fitst gash surface serving as a

cutting face of the corresponding end cuttrng edge, a second

gash surface provided on the side toward the rotational

center of the tool axis of the end ¡niII, and a third gash

surface provJ.ded on the peripheral side of the end miLl; a

first gash angLe of 15' to 35o is formed between a crossing

pôrtion between the first gash surface and the second gash

surface, and a plane pe rpendi cul arJ-y inte¡secting the tool

axis; a second gash angle of 40'to 600 is formed beEween a

crossing pôrtion between the first gash surface and the

third gash surface, end the plane Perpendicularly

intersecting the tool axisi and the l-ength of a connection

portion between the second gash surface and the third gash

surface is not l-ess than 5t the tool- diameter as measured

from the tooL rotation axis and less than 20t the tool

diameter .

1.5, A carbide end rnrll accordrng to any one of clairns 1to
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composition of the outermost layer and the innermost layer, or the hard coat is formed of a composite
layer including one or more intermediate layers between the innermost layer and the outermost layer,
and the outermost layer is greater in oxidation resistance and in wear resistance than the innermost
layer.  17. A carbide end mill according to claim 16, wherein the innermost layer of the hard coat is
formed of selecting from a nitride, carbonitride, oxynitride, and oxycarbonitride containing Ti and Al as
main metallic components, and the outermost layer of the hard coat is formed of a nitride,
carbonitride, oxynitride, Or oxycarbonitride containing Ti and Si as main metallic components.  18. A
carbide end mill according to claim 16, wherein the innermost layer of the hard coat is formed of a
nitride containing one or more metal elements selected from among Al, Cr, Ti, and Si; the intermediate
layer is formed of a compound containing one or more metal elements selected from among Al, Cr, Ti,
and Si, and one or more elements selected from among N, B, C, and 0; and the outermost layer of the
hard coat is formed of a compound containing one or more metal elements selected from among Ti
and Si, and one or more elements selected from among N, 5, C, and B.  19. A carbide end mill
according to claim 16, wherein each  of the innermost layer and the outermost layer is formed of a
nitrogen-containing TiAl compound which is represented by the formula Ti,A11_,N, the innermost
layer is formed of titanium-rich TixAll"N (i.e., 0.5 C x1), and the outermost layer is formed of
aluminum-rich TixAli_A (i.e., 0 x C 0.5).  20. A carbide end mill according to claim 15, wherein a
cutting edge portion formed of carbide is detachably attached to a tool-holding portion. 21. A carbide
end mill according to any one of claims 1 to 6, wherein a cutting edge portion formed of carbide is
detachably attached to a tool-holding portion.  22. A carbide end mill which includes a plurality of wavy
peripheral cutting edges each having alternate crest portions and trough portions, or a plurality of
peripheral cutting edges each having a plurality of nicks for breaking chips, wherein the carbide end
mill includes the plurality of peripheral cutting edges, end cutting edges, and gashes each composed
of a plurality of gash surfaces; the plurality of gash surfaces include a first gash surface serving as a
cutting face of the corresponding end cutting edge, a second gash surface provided on the side
toward the rotational center of the tool axis of the end mill, and a third gash surface provided on the
peripheral side of the end mill; a   first gash angle of 15 to 350 is formed between a crossing portion
between the first gash surface and the second gash surface, and a plane perpendicularly intersecting
the tool axis; a second gash angle of 40 to 600 is formed between a crossing portion between the first
gash surface and the third gash surface, and the plane perpendicularly intersecting the tool axis; and
the length of a connection portion between the second gash surface and the third gash surface is not
less than 5% the tool diameter as measured from the tool rotation axis and less than 20% the tool
diameter. 23. A cutting method characterized by comprising the step of successively performing at
least two types of cutting operations selected from longitudinal-feed cutting, lateral-feed cutting, and
oblique cutting, by use of a carbide end mill, wherein       the carbide end mill includes a plurality of
wavy peripheral cutting edges each having alternate crest portions and trough portions, or a plurality
of peripheral cutting edges each having a plurality of nicks for breaking chips, end cutting edges, and
gashes each composed of a plurality of gash surfaces; 



6, wherein the carbide end miII includes the pJ-urality of
periphera.ì- cutting edges. end cutting edges, and gashes each

composed of a plurality of gash surfaces; the pluralíty of
gash surfaces include a first gash surface servrng as a

cutting face of the corresponding end cutting edge, a second

gash surface provÍded on the side tovJard the rotational
center of the tool- axis of the end mil-l-, and a thÍrd gash

surface províded on the peripheral side of the end miII,- a

first gash anq'Ie of 15' to 35' is forned between a crossing
portion betr,¡een the first gash surface and the second gash

surface, and a plane perpendicularly intersectíng Ehe tool-

axis; a second gash angle of 40o to 60" is fo¡med between a

crossing portion betr,reen the fi¡st gash surface and the

thrrd gash surface, and the plane perpendÍ cul-arl-y

intersecting the tool axis; and the length of a connection

portion betr,reen the second gash surface and the third gash

surface is not Iess than 5t the tôôl- diamete.r as measured

from the tool rotatÍon axis and l-ess than 20* the tooJ,

d iamete¡.' and

the L¡avy peripheral cuttj,ng edges are covered wiEh a

hard coat.

16. A carbide end nill- according to claim 15, wherein the

hard coat is composed of an outermost l-ayer and an innermost

layer whrch is stacked directly on the surfaces of the

peripheral cutting edges, or the hard coat is formed of a

composite layer stacked by repeating substentialJ-y Ehe same

the peripheral cutting edges are covered by a hard coat;       the plurality of gash surfaces include a
first gash surface serving as a cutting face of the corresponding end  cutting edge, a second gash
surface provided on the side toward the rotational center of the tool axis of the end mill, and a third
gash surface provided on the peripheral side of the end mill;       a first gash angle of 15 to 35 is
formed between a crossing portion between the first gash surface and the second gash surface, and a
plane perpendicularly intersecting the tool axis;       a second gash angle of 40 to 60 is formed
between a crossing portion between the first gash surface and the third gash surface, and the plane
perpendicularly intersecting the tool axis;        the length of a connection portion between the second
gash surface and the third gash surface is not less than 5% the tool diameter as measured from the
tool rotation axis and less than 20% the tool diameter; and        the peripheral cutting edges are
formed such that, when a certain peripheral cutting edge is considered a reference peripheral cutting
edge having reference phases, wherein the distance of the reference phase is an amount
corresponding to a value obtained by dividing the pitch of the nicks or waveform of the reference
peripheral cutting edge by the number of the cutting edges, and the phase of at least one of the
remaining peripheral cutting edges is deviated in the direction of the tool axis from the corresponding
reference phase by an amount of 5% or less (excluding 0%) of the pitch. 



composition of the outermost layer and the Ínnermost l-ayer,

or the hard coat is formed of a composite l-ayer ì-ncludíng

one or more intermedíate J-ayers between the innermost layer

and the outermost J-ayer, and the outermost layer ís greater

in oxidation ¡esístance and in wear resístance than the

innermosL layer.

L1 - A carbide end miII according to cJ.aim 16/ whe.rein the

rnnermost Iayer of the hard coat is formed of selecting from

a nrtride, ca¡bonitride, oxynit.ride, and oxycarbonitride

containirg Ti and A1 as main metallic components, and the

ou[ermost l-ayer of the hard coat is fo¡med of a nitride'

ca¡bonitrrde, oxynitride, or oxycarbonitrrde containing Tr

and Sr as main meEalIic components,

I8. A carbide end mill- according to claim 16, Hherein the

rnnermost layer of the hard coat is formed of a nitride

containing one or more meta]- el-ements selected from among

AL, Cr, Ti, and si; the intermediate J-ayer is formed of a

compound containing one or more metal, elernents selected from

arnong ÀÌ, Cr, Tí, and SÍ, and one ôr more elements selected

frorn among N, B. c, and o; and the outermost layer of the

hard coat is formed of a compound containing one or more

metal- el-ements seLected frôm among Ti and Si' and one or

mo¡e eLements seÌected from among N, S, C, and B'

19, A carbide end miII according tô claim 16, wherein each
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of the inne¡most layer and the outermost .Layer 1s fôrmed

a ni trogen- conta ining TiAl compound which is represented

the fo¡mul-a TixAIl-,.N, the rnnermost Iayer is formed of

titanrum-.rich Ti*AI1-*N (i,e.. 0.5 < x < I), and the

outermost layer is fo¡med of al-uminum-rich Tí*À1¡_*N (i,e.

I x < 0.5).

20. A carbide end mill according to claim 15, wherein a

cutting edge po¡tron formed of carbide is detachably

attached to a tool-holdÍng portion.

2I . A carbide end mÍl-l- according to any one of cl-aims 1 to

6, whereÍn a cutting edge portion fo.rmed of carbide is
detachably attached to a tool-holdrng portion,

22- A carbide end mil-l which includes a pJ.uratity of wavy

pe¡ipheral cutting edges each havrng alternate crest
pôrtions and trough portlons, or a pluralj-ty of peripheret

cutting edges each having a pl-urality of nicks for breakÍng

chips, wherein the carbide end mill includes the pÌurality

of peripheral cutting edges, end cutting edges, and gashes

each composed of a pJ-uralíty of gash surfaces.- the plurality

of gash surfaces include a fÌrst gash surface serving as a

cuEEing face of the corresponding end cut tr.ng edge, a second

gash surface provided on the side E.oward the rotatiônal
center of the tool- axís of Ehe end mrII, and a thírd gash

surface provided on the perrpheral side of the end mill-; a

of

by

,o
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frrst gash angle of 15' to 35o ¡-s fozmed between a crossing

portion between the first gash surface and the second gash

surface. and a plane perpendicularLy intersectíng the tool

axis; a second gash angle of 40' to 60" is formed between a

crossing porEion between the fÍrst gash surface and the

third gash surface, and the pJ-ane perpendicularly

inte¡secting the tooJ- axis; and the length ôf a connectron

portion between the second gash surface and the th:-rd gash

surface is not less than 5't the tool díameter as measu¡ed

from the tool rotation axis and l-ess than 20å the tool

dr amete r .

23, A cutting method cha¡acterized by comprisrng the steP

of successively performing at J-east two types of cutting

operatíons sel-ected from longi Eudrnal-- feed cutting, Lateral-

feed cutting, and oblique cutting, by use of a carbrde end

mÍl I, r¿herein

the ca ¡brde end mi l- l- incÌudes a plura I ity o f wavy

peripheral cutting edges each having âlternate crest

po rt ion s and t.rough po r t ions , or a plura l ity of pe rr-phe ra]-

cutting edges each having a pturality of nicks for breaking

chips, end cutting edges, and gashes each composed of a

pluraJ-ity of gash surfaces,;

the peripheral cuEEing edges are covered by a hard

coat ;

the pJ-urality of gash surfâces incl-ude a first gash

surface serving as a cuttinq' face of the correspondrng end
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cutting edge, a second gash surface provided ôn the side
towa¡d the rotationa.l center of the tool axis of the end

mill, and a third gash surface provided on the peripheral
side of the end miII;

a first gash angle of 15o to 35. j-s fo¡med between a

crossing portion between the fi¡st gash surface and the
second gash surface, and a plane perpendicr:J-a rly
inte rs ect ing the tool axi s ,-

e second gash angJ-e of 40" to 600 rs fo¡med between a

crossing portion between the frrst gash surface ând the
Ehird gash surface. and the plane perpendicularly
intersecting the tool axrs;

the length of a connection porEion between the second

gash surface ând tbe thírd gash su¡face is not l-ess than 5E

the [ool diameter as measured from the tool rotation axis
and less than 20t the tool dianete¡,. and

the peripherel cuttrng edges are formed such that, when

a certain perípheral cutting edge is considered a ¡efe¡ence
perrpheral cutting edge having reference phases, wherein the
distance of the reference phase is an amount corresponding

to a value obtained by dividing Ehe pitch of the nicks or
waveform of the reference peripheral cutting edge by the

number of the cutEing edges, and the phase of at Ieast one

of the remaining peripheral cutting edges is deviated in the
direction of the tool- axis from the corresponding reference
phase by an amount of 5å or less (excJ-uding Ot) of the pitch.
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