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 &PSetaRAmsHiRY 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 J0003h £ 5ORYSRNIONRNYRISAL SR MilkfardOUGR EWkingrte whishishe, 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 pefttBhstdmalid fFéach cutting edge. As compared with
an end mill having ordinary peripheral cutting edges, without wavy or nicked cutting edges such a
conventional end miA8¥ihg wavy or nicked peripheral cutting edges can easily break chips, and can

perform efficient curﬁb:leq while redtuc'inr%:cur'{%nl Eezlicsetﬂ%% @c&grtﬁn@grwg?% Eg%%an%ﬂentional end

oy - e .
mill is used, the depth"offCUT In the tool diameter direction can be‘increase y enabling

high-efficiengy. machining. Hewgyer; A aachinrisurfage herames-ioughapthes thakattained by an

end mill having ordinary peripheral cutting edges without wavy or nicked cutting edges is used.
Therefore, irF MayICRSES cietentgnilldiavingwavy: ok hicked petiphelabeutfingBeded is usst in a
rough machining step. [0004] In a rough machining step, in order to increase machining
efficiency, thefdeytl ofedt Biddreased 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 havih%; e separation angle between lines extending from the axis of the end mill to

the circumferentially adjacent.all cytting edges.nasan Adwaniags in that § caphpsmanyfactured quite
q

easily. However, when an-equal
versatile carbide end mill which can solely and

multifunctionally perform, longitudinal-feed machining,
lateral-feed machining, and obligue machining which 1s
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 perfcormed respectively by selecting
different type of end mill on prior art. Ancther object of
the present invention is to provide a cutkting method which
is performed by making use of such an end mill.

[0003]

& conventional typical end mill for reugh cutting, to
which the present invention can be applied, is made of high-
speed tool steel or carbide as the base material. Each of

peripheral cutting edges of the end mill has a wavy shape or



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 rertd® une%ﬂ&l, RMRASS) e SHape“Hitalkea CkRISITAY cRtsSedoR Beesmes unequal
among the peripheral cutting edges. Patent Document 1 descrige that such an end mill suppresses
chattering v?%ejr[aéf%?{:'z&‘ in th c%srgié%of %Lrll%%le%%aleggpeasraﬁlgne ef }n%lﬁ,E h&'éb?%laﬂife is extended,
and high-efficigncy-machiang-hecemesfassiie JROQS! nePaiant Dacument 2 digslasesan end mil
in which the pitch of the waveform of each peripheral cutting edge constituted by a roughing cutting
edge is increasadranch dedreased simubnidatly #rehe gytle Dhanawea numberatperasof troughs and
crests of the waveform, and, in accordance with the increase and decrease of the number of the pitch,
the depth anth fddidloraihvatiitd ohaaéhgoads BAd vraves ipihenadvefornt ng clkalmssl,at each
cycle of the wa¥$form. Patent Document 2 descrjbes that, in such an end mill, due to the increase

and decread&i YRE btk the Fhat& S Ut ShRETR the HGh! dir&ibReakd SRAdin98Sbnance
frequency ocGyrs, ehy, the toal | nsidered as a ywhole, resonange is mitigated, and
chattering v%irgtji%orﬁggsﬁ)%ri{fg. FO%O%%'&%&ES%? ¢ nséeﬂefijévngf%/ﬁﬁc%?eﬁ Hiis %Er'grlough cutting or
semi-finishi@&gqmpgbt@ewh}icbﬂli@ﬁ;e%ﬁmainygﬂti(?@%mﬂd toranRly havehickad,peripheral cutting
edges. Such a conventional end mill having nicked peripheral cutting edges can easily break chips,
and can perferimcuttigg svthcistlycee siittingrresistadies; @sdoniaredwyithnars eat nzill having ordinary
peripheral cutting edges. Accordingly, when such an end mill is used, the depth of cut in the tool
diameter dife2hEFeaA PRAhcRAdeRddd theretier enkblesdrgh-bffiefereyimdehinihg. Howéver, when
high-efficienﬁ/ ma%hinin‘%.is eEformed by increasing the depth of cut, there often arises a problem in

e LR bafi Ty St AR TRRRsHY du R haRinagon 1850s]

that chipping or racture
Patent Docg@gg]@i%ggg, Iﬂgéﬁriq&ﬁ@mp%%f‘%}d millsin éYlhii%%BiCEﬁ Lh]ailve émBEOc\:’e% sgapes for
preventing chipping or facture. In the énd mill described in Patent Documen?g, large fran angles are

provided at opposie-ends of each nickseiagl sepusethensirenith of, ROHIoRs yhighgqnnect the
nicks and peripheral cutting edge portions. Patent Document 4 describes an end mill in'which
connecting pertigpksoredpposite iside sdigeachwritkars ratsrdgdeso asi tokisbrave: teisisfance to
chipping and improve the roughness of a machined surface. [0009] Even in a rough machining
step, in ord&FRSACreAsBIREChinTFERERRByY, ifTorfpEMiriufest clttifg Sakralifééd cutting and

oblique cutting or the like, high-speed cutting is performed with an increased depth of cut. However, it
is difficult tc&“;%r%é“r% A c%ftiﬁgls%fﬁ&;iﬁﬁgﬁlﬁ??&ﬁ KT FatERE, ifThe Riiditddindl-feed

cutting, obligyg ARG 19F g ke ,ygit?n the depth of cut is too large, cutting resistance increases

unless chips are easily removed. [0010]
(0004]

In a rough machining step, in order toc increase
machining efficiency, the depth of cut is increased for
high-efficiency machining. However, in such a case, a
problem of chakttering wibration often arises. In particular,
an edgqual separation end mill, that i=s 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 guite easily. However, when an equal



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 6F§roposes an end mill in which a gash surface is provided on the side

toward the r&@&R8AACEM e i, BAsther HE8ARARSEe A5rdlidedbrPRc Beripheral side of

the end mill, and.the peripheral-side gash le is larger than t eiro[liatq_n%ﬁg E—:g_—r_s'i gash angle.
This configu%ﬁ%ﬁq%pnﬁg\%qsltﬂé%%fp %eerﬁg%%lﬂg at the'time of atgral- eed cutgng of a hard material,

and enables high gfficignt machipingdhrughhigh-seeed qyttind <004 2h r oM atiousHhardcoats have
been developed so as to enhance the performance of a carbide end mill and extend the service life

thereof. PaténtDactwmieni7ogisclegedia practipaily useg cadiidesendmill mhich has stichea hard coat
and which was proposed by the applicant of the present application. PRIOR ART DOCUMENT

PATENT DOGE VYRS f000173] gPrcdreart o6hEARTe§a@RT the Sfape st peripherdtebiting edges)

Patent Document /: Japanese Patent Application Lgid-Open (kqkai) No. 1-101-127214 Patent
Document 2t B5p&RisbMhia it Eﬁﬁﬁ:]a‘f%% {%Fﬁﬁp%ﬂﬁﬁo%%%%?gﬁﬁfzgfgﬁf ﬁ)‘bﬁzl] (Bﬁgr art

documents F@g@di%%t%%ﬁ“%ﬁﬂf G FHAlgt Restment 8- Japanese Baterh sppLcatiop;laid-Open
(kokai) No. 1-106-335814
in the course of its producticn.

[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 cuttbting edges is rendered
unequal, whereby the shape and area of a biting cross
section becomes unegual 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.

[00086]

Patent Document 2 discleses 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 sinuscidally 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



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) N0.2000-334606 SUMMARY OF THE INVENTION PROBLEMS TO BE

SOLVED BY TH% INVENTION (0017] In recent years, there has been an increasing demand for
high-efficieR& MAacHfing 6ARERPidCRE IR aLdRe MR, Bike dFarsdidinAl ti&dorkpieces

being madqngfls_[[r’ucgﬁgl q_lgeltﬁgu&t}.f%anl g‘ljlg sgel% dci% steel f%r c:f)lljd gﬁgot vi/%r%ilrrlg, I:sttlaEi_nless steel,

titanium alloy, or super-heat-resistant alloy. Therefore, there has been a defand for an end mill which

enables unpiggadented high-effigienck Mmaghining bymerorning, at highspsed, Iy flldyresof cutting,
such as longitudinal-feed cutting, lateral-feed cutting, and oblique cutting. Accordingly, on shop floors

where die machisingaaddgartmagmamgyareqariosmedhthest has been acdteorigddsitsesfor end mill
machining in which various types of machining are able to be performed at high speed by use of a
sW@kaendﬁﬂpﬁmﬂﬁﬁ%ﬂﬂ%&cﬁaﬁﬂQlef resonance is mitigated, and

chattering vibration i1is suppressesd.

[C007]

Some conventional typical end mills for rough cutting
or semi-finishing cutting, to which the present inventioﬁs
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 taol
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 wibration.

[0008]

Fatent Documents 3 and 4 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 cuttbing edge portions. Patent



[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- eed.cuttir%(%the oblique cutting, an end mill

having a smRft PARHET of cHRRGEHYRE licBAn Bacure 18rgd pGERRLE & diéh used to improve
chip remova, V}/ﬁ@ul%teroal-f%% with high-speed cytting is performed, an end mill haying,a large core

diameter andl a large number cutting edges is often used to secure tool rigidity. As described above,
when conveniighal fad-ails ara Hsed :an end prll suitalie famgaeh-iepe REMashipiieRyshige used
through exchange of suitable end mills. Therefore, conventional end mills are not suitable for
increasing effiarendyibesduse of {153 .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 Eﬁiﬂﬁ’@] tool), the conventional end mill encounters difficulty in performing

longitudinal-feed machiningqbecause f poor ﬁhig remoggbility, gven th glghggegeniggiggesgob'em,
when the end mill ;Fé?f:t‘)lilm%. aferdited nTaac(ﬁln]l‘nd.rWhen %’n‘gitu%ina{ eed machinings pérformed by

use of a coyepanal pdrail B praduced iy end euiing edgesn bedainly ofilhecenier of the
axis are not removed smoothly, whereby the end mill becomes likely to be broken due to jamming of
chips. Furthegaerecintherepsenyherechippockets offecand-¢igting rdgesarghmage dafger in order
to smoothly remove chips, although chips are removed satisfactorily, there arises a problem in that,
when laterakfeetimachisingds ferfored; fidetire bseorrssadredikelitordcctr tlue to insufficient
rigidity of the end cutting edges. In view of the above reason, in the case where longitudinal-feed

machining dHIRBIIER is & Eoribirbtbhi b rdi Pe&tF MR RMId 65EbIE R RET, Y wittH e
longitudinal-feed mafginir}%anciﬂe Ialfﬁral-feed machining, {%Ioghm??QLeD%)ﬁksthaci/len% endy ecg in order
) een

to perform h':‘llghs-éﬁfalencﬁ mag‘hlnlng. or\}ve%aeﬁ%géln I:Sl/],:fhere has Increasing desire for

performing sugh:paghinigIgie-effigieptivdn arderdgperiopm sughdnaghaingdpeie &fficienty, all
the machining operations may be performe By use of a single end mill, without exchanging it with a
drill or otherienc:md! toLtigrinaiegeiupimes lowexardn suchraase, sindethe sdnesoaventional
end mill is used in machining in a unsuitable direction for that end mill, in many cases it makes whole
machining tigae lbhgek; etyeittst 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. Tllugg%e?igally, high-efficiency machining can be achieved by means of increasing
both cutting speed.and the .depth of cut. However, in actualit sBi -effici hi @gﬂ%}aﬂs not yet
been achieved by l'%%eg):]g a %Fq'a%?ic%leéaﬁd nrﬁ?l\ﬁ% ﬁr‘ﬁé’r‘? ggx)iéje}é ib ugsgeagiaés ?%Cgsgﬁn%atgna : hg reasons
are as follows InRatisHialin-1ugRKMachiaing-ih 81 epdynill hayinganavymraripherahediing edges or
nicked peripheral cutting egges is used, and the depth of cut and rotational speed are increased,
chattering vibsatinreatcUuss pdnmnshascase, arcaribidé Bndmuiivileeh jsllowel ing@aghness than an end
mill formed of high-speed tool steel suffers anomalous wear and chipping, to thereby shorten its
service life. W90 3BER cRaReRy WiBthtioRtausES frablife 9R BledkabEdf AtBHSIde I6HIPP2D]  As
having been described in the prior art section, in order to sup essﬁchatterir%%vibrati n which is

generated itiéPEig bBEREAN i BeRGite By uSe 8fan entPmiit Here A HetDrifsskd an end
it in wnichaeaaly sepacaled cuiing edaesate BiRY et h Biac obgaualy sRParafed Uty
edges. In the case of an end mill in which unequally separated cutting edges are provided, “chattering
vibration canhesuppresseriormycartaia levehtivaughrpiaper shape-desigh rdawevercsince the
cutting edges are arranged unequally, grinding of the cutting edges is difficult, which increases
manufacturiniyseosbef endtmith Mdreseen atthestime of Ty rmeang-aTehdsnifle ddficsiity is
encountered in positioning of cutting edge, because the separation angle differs among the cutting
edges. [002ar faEyrBBEYY ¥fe asiPdiRe BRB Al 3P WHEHUFShual separation is employed, shape
of flutes become nanuniform, and chip removability is apt to become nonuniform, resulting in bad chip
ejection. Therefore,[ga(}rjr 4n end mill has a problem of anomalous wear and chipping. This has been a
serious problem assogialed Wi, ipealpeg! ol Bas quaplity Achip iedlion s Pltplgpeently
spreaded high-speed cutting. A carbide end mill; which is expected to have a long service life unless

anomalous yepr 9Eehippingroseiis diasms Hiskeofhiairg damaged Hesausa atiritleness=efithe base
material, which causes a delay in application of a carbide end mill to high-efficiency machining. [0022]

5



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 periphecr&J qt tting edges.qf.a carbide end mill asil‘i suffer fracture or chipping as compared with

|

those of an 8nd Miff formed of ligh-%ng&?cFol% it EfadderBiS oSy Rt t%ersons
skilled in the,gt! f13we ot beennfataekiodryiale fie pases ALpgiahkalulingqgges of an end

mill formed of carbide. (00231 Since an end mill formed of high-Spee as a relatively
high toughngssrevengyken thelphaserdemiaipndypowairefeashteripbgial eUtingLdgeds
considerably large, chipping or the like does not occur. Therefore, the ratio of the phase deviation
amount is ndtekpireditbise ke ity Tandideradtiupr eronevehdn dd pasewherbthelbageahaterial
of an end mill is carbide having relatively low tou%q}r;iess as in the present invention, the following

problem reriflifis FaPcifidally 2hahe tae Sherd i PRasE d & ikaGH aRR AT k3dereAB8d by merely
making the phase deviation amopnt unequal, fracture or chipping.is apt to occur at the peripheral
cutting edgel(g of g’%grsbigé glﬁd ?nﬁ#%v%%% e%ﬁguln?%?gu%ﬁhﬁ%ﬁgurﬁglﬁcréggéese.grh%\‘le 5 *Luch a
carbide end mill capggt prpvide 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 thevphaisede hatioh amauat of ek efencaibidsl epdmilker the shaperaicks are
completely unknown from Patent Document 1, and Patent Document 1 provides no hints for
determiningtihe prepdorag@erthelsipea J0oRdg endn phldntaoturrdraiay tHdre iSpmpbsed an
end mill in which at Jeast one of the pitch, depth, and radius of curvature of the waveform of each

roughing cutingeddERSRdreast I RIERES Y o pehSE JREREr thaRTRE befdd b¥troughs and
crests of the, gvgge@é Q,3s g%ah%{p}@th‘ghcyé' g,amount %f ea hacruétir&%g%ge ﬁ/vdﬂledggxéﬁhattering
vibration is suppressed. However, in the case where the cutting edgés have diff%rent waveforms, a

grinding stopgdopeagbwaueiopmis ceqyireriat he tige fifnapuiaciiue of theiand il yvhich 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 shapBhs @5 pfeidfardiBEIk 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 pg%ﬁg,Terﬁﬁgg%%%Tgf such a shape raises a big problem from the viewpoint of chipping
resistance. Theref?D SR qnt 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 improye theacaFacyigt-amaphinecstitacen HowevesIRaientpo enfifldaas not contain any
description regarding the radius of curvature of the rounded portion on the tool end side of the nick
and that of thetioimdedqgmetsdn on the tool shank side of the nick. In the case where high-

Patent Document 1: Japanese Patent Application Laid-Open

{kokai) No. HO1-127214

Patent Document 2:; Japanese Patent Application Laid-Open

{kokai} No. 2002-23391Q

[(0014]
(Prior art documents regarding the shape of nicks)
Fatent Document 3: Japanese Patent Application Laid-Open

{kokai) No, HO6-335814

Patent Document 4: Japanese Patent Application Laid-Open



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 examyfé?}fﬁwﬁhgmﬁ‘thé%%%é &{iadion amount of each cutting edge. Although Patent
Documents 3 and 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 describegirindiatgri:Daeimgrl and-Egtant Dpeumeniéscharacterized 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 phaBe tewiatibn amemit does fapdiffes antongetht peripherah tatingledyds Tk effect of the
gash shape for high-efficiency machining as in the present invention is attained as an effect of
facilitating rérh 6 & of dharg Qrﬂ’éuﬁt%fﬁips produced due to the shapes of peripheral cutting edges
with differe ase deviation amount. That is, the effect is a synerqistic. effect achieyed by the gash
Shape and (18 SHabe Y CHABE Dbl al AR Sdaas Forth SR e Sjreriiar SHegEStiuned by he
gash shape ﬂpgjggg }acﬂ;jgrj ob the;reriphegal 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 milhfardgngitudinal-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 reart&nd sideagashdsrrfane secomeda gpace forcdipaeatoval. Patent Document 6 discloses
an end mill having a plurality of gash surfaces suitable for hi h-RSIJ?eed, lateral-feed machining of a

hard materid2 HoWevEP GEf5E fouht iﬂ'ﬂ‘ﬁ@BF‘&%sg%?%Péhti%E & BrdsERR ikRhHoRBRR, in the case

where more complicat ining.i formed more efficiently by use of a single end mill, the
length of a tr[}n%}l‘t%olr?a p?)q(rjrﬂbn E)He@vg%an 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 distarmahrineend the katonBICEDET 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]  ARRGEHCEMed EHobE, WhaBanviehtibikl it FlTSI& 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 incr[e%%?njrg] efficiency because of loss of time for setup. In addition, since a

conventional ordin:iugl %rledcrglqlchase% Pgurrqlgx eof &uﬁiﬁg 91995? a q_pgimglpeegi gﬁg] ?&rﬂ%q{[fnd cuts a

workpiece while rotating (i.e., characteristics of a mi Ing tool), the convention mill encounters
difficulty in geyformig langitudipahiepdaashiningdesause pkpeeichin remeyvakilitywhich does not

pose a problem, when the end mil/ performs lateral-feed machining. Therefore, it is difficult to perform
high-efficieroydnpehiting hyythesonvéntionat eddmmiill 1003 e workpleces belng made
of structural steel, structural alloy steel, die steel for
cold or hot working, stainless steel, titanium allecy, or
super-heat-resistant alley. Therefcore, there has been a
demand for an end mill whiech enables unprecedented high-
afficiency machining by performing, at high speed, for all
types of cutting, such as leongitudinal-feed cutting,
lateral-feed cutting, and obligque cutting. Accordingly, on

shop floors where die machining and part machining are

performed, there has been a strong desire for end mill



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 inventio haﬁs] been accomplished under these circumstancei and through

recognition ia elﬁlr%BI%mlflo SONE AR 85]%8?5“ gpp‘?gseo im?e‘ﬁtﬁbﬂligﬁ) be‘?/i(fé:’ %an‘?d@gnd mill
which enables acaiifungtiona machining efficiently bythe single pdpl fipm fongitdinglfeed
cutting, lateral-feed cutting, and o oblique cutting, etc. The present invention also intends to provide a
carbide endupiil whichhcangle 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 invehtiér flto 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 a&%0 FadAiRaaHe LRivaRtaghR 'of LEiHRE i it e Pdlking 8082 Mereover, the

present inverfionis;an shiect toprouide,an ud milbwhieh pap Reyform.combined gachiging,
involving almost all types ot catting operations, which Copes with various workpieces. The object

of the presept iyentiay is-espantialipr cutting of sHpayhaald esistantalloy and tianinmalloy, which
demands have increased recently for an aircraft material or for atomic power generation plant. [0033]
In particularn; #xgnprelsentihyehtiorepioviste spar egibideaiend Taill widchzissgoasii nreidh femeiability, can
disperse cutting resistance sufficiently, and can suppress chattering vibration, even when
longitudinalffe&d earingr obligie cultinglis PeabAndd at highadiegidndbrspedengitnan iferedsed
depth of cut. [0034] Meanwhile, even an end mill having excellent cutting performance is not

accepted inGHE W e iR s Rt ERRuA EdSde high. Sifafbthdr ofRECIFthE Fresdrftnvention is

to provide ' il which c .manufactured easily. at Iy cqst be_easily
reground. a&%%g’%‘%% Lgl%%l T%hﬁl?gﬂé [ggﬁf lgrh%%g%erﬁgi%\%arﬁ%nfv%gg @
accomplishgd vdth amaim atdevelaring gaendiBillier higbgefficignay sytting avhigh gan aghjeve a
chip removal quantity per unit time greater than that achieved through use of a conventional end mil/.
The inventotd df desprésértdedention dmpleyan-agusadly<sepataigd carhiderand mill as a basic type.
Because that type of end mill can smoothly remove chips while suppressing chattering vibration (an
important péHagidntdipa-ameracof@ ERiing tedl), Hmel islddgtsformtduting edgesadring
manufacture ofihepgsnd mill. This is_the big advantage from the viewpoint of productivity. The inventors

conceived dtitie pPSEhE fhvnfiBA &s Y8R bf SfudyifyoRer Stifseremiiaaciols whftHcan
SUDWESSC@gggggeﬂg%mgggigg%mfémngEEXE@Ld te improve chip remowval.

When lateral-feed with high-speed cutting is performed, an
end mill having a large core diameter and a2 large number of
cutbting edges is often used to secure tool rigidiky. As
described above, when conventional end mills are used, an
end mill suitable for each type of machining must be used
through exchandge 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 therecf and cuts a

workpiece while rotating {i.e., characteristics of a milling



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
inuve!ntors caﬁ?e%f&?t végl%u\é%ﬂ%d?@g fodfﬁ'?%[g%lﬁ SI&IH I iaﬁbﬁ %‘ﬁﬁbfu‘?ﬁ\?vh‘fsc??ﬁ%h?ﬁlz%‘{chla?tering

vibration, engbing, tiesend miliesendie Didhspeed. g s agesull Joe ivepiois deyisgd a
carbide end mill of the present invention, which is characterized'in that, when crest portions of a
certain wavyr-pafipharal IGUENNg edae, of Rickgt perpherak eutling edge prebsed aswHeferenee, crest
portions of other wavy peripheral cutting edges or nicked peripheral cutting edges are disposed such
that their phasets arelsifted mfthersxidladirectadm 6Ethe amdcmilhvildn a Wirege in which fracture or
chipping does not occur at the wavy peripheral cutting edges or the nicked peripheral cutting edges,
which fractut&BAHPSRG oS th SAFEIEART b Satse- @ RFmMiis Y& &f ofcarbide. 10038]
That is, the BBer?ent igyenticgl_ %rﬁ)giqﬁﬁn en%mill whichcnlas %{tqgr onecPf thecﬁhaﬁoe selected from

multiple wavy pe‘ﬁ%era @ ing'edges edch%e%\ﬁr?g Eitérnate credt/ péerrﬁong an Jfro%gﬁ p%'?tlsons, ora

multiple p.erlpﬂe@l,&utpfgﬁgg@? G;?ghm?é/lqge%{ggjfalgx oEHl_gkg;@grﬁbrgggmg&@|%;m@@@d mill is
characterized in that, when a cértain peripheral cutting edge is considered a reference peripheral
cutting edgeswiith eefekenceihases in Apitehof thicl referepeaperphrakauiting edge bafaaen the
distance of the reference phase is an amount corresponding to a value obtained by dividing the pitch
of the nicks @rwavefoimmsiing reféreicenseriptuathutimpedge by thdiaumber ofiheXsitting edges;
and the phase of at least one of the remaining peripheral cutting edges other than the reference

peripheral cGRibg Sgeks tidviated hathEHi et SPtheRd8RkiE i nT R8T ot REREAdING reference
phase by an _amount of 5% or_less (excluding 0%) of the, pi %’ 39].. . .. Desirab d mill of
the present ?n’{/g%lﬁorwé s csgh?@ﬁllrg&f such that 515(1)1\/29]EJ r%]bn%grggl é%w%u%lt%f] gaﬁﬁgev%t%&r% i%%n a range
of 1% to 3%afiihg piieh #1-4e,diregtiopof e ok axis fam hecaresnondingJgigrence phase,
wherein the distance of the each reference phase is an amount corresponding to a value obtained by
dividing the pittle phthefieks anwhvefbrm of thereférenae peripharat auitinh edgedyy the reimber of
the cutting edges. [0040] The end mill of the present invention is used to machine a workpiece
formed of ahakferedimakfiaRihdse hafdneegekEdedsnl HRGIWRIEN i$&allde=a affitult-to-cut
material. The target workpiece of the present invention is that when an end mill formed of high-speed

tool steel is TEES TH8sTEHRR of the shhPE of the-f351, IRk DT eh AWIRiets Fdifficult in
tuality, b t if 1€ iti f igh-effigi -
AR (M e s b S LR

peripheral cygtingpdgesor¢he Aickederipherab suipg £6198s @aek Ny areatitimpovagkwear
resistance, as compared with conventional end mills formed of high-speed tool steel. However, since
the phases bbihgigeriphesd| cfittend) adgdsiardrshiftecdrahsnbaerethdr:- fresepe mpendlrcutting edges
suffer fracture or chipping, which occur because of brittleness of carbide. [0041] In view of the
above-desctibdd dFawisstk ¢aré eafside ehe 7l ufiePrédert ihtdre deterfndel, Mi@ligh a large

number of C%Ei g tests, the optimal arrangement of the itchest ftheétrll_igks or.waveforms of the
peripheral ¢ iﬁ]gcétﬁfé%yofl?ﬁg 4GS end TRIMCETE touhaRAT dtieadt B of fHastE Bfthe

peripheral qyfing daesqnysthe devigiec ja e dieglionl he ool e iamlag gespective

reference phases by a considerably small'amount of 5% or less (excluding 0%) of the pitch of the

reference pergherakeidting edae, vhegeain the gistance®f the-pagh refereneg nhage is an amount
corresponding to a value calculated by dividing the pitch of the nicks or waveform of the reference

peripheral ceftingeddge-iy theaddmbéeeoitheltittigedyesrf00déhs 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 a2 case, since the same conventional end mill is used

in machining in a unsuitable direcktion feor that end mill, in



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. [00434 According to tq(e pres[ﬁn inventiqgn, despite the end mill being formed of carbide,

g 3 ctliFe 6r Eﬁﬁ%ﬂﬂ'@j sHdtc af%etau ﬁ'\’é’\ﬁﬁvy peripheral

manufacturf of the 15[ e‘hsy,man(? fral
cutting edges.pthe nicked Resicherml cutingsigesgreshaped such that their phases are shifted
from one other, and chattering vibration during machining can be suppressed. Accordingly, it becomes
possible to perforny bighsafficiency 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 carbiddepa-raiflesidhe presenginientomeshda anhipedr dvermihgn thgrbhape of the
wavy peripheral cutting edge or the nicked peripheral cutting edge involving phase deviation is applied
to only one Sf the P THRErdE Ty dhdyY 1neRsaS 1R CHbbeEh RIS the pfesent invention
may be conﬁgr%rgg such that the carbide endenéillil hasfﬁlé%e or mé)ﬁf)erip er | gtétkigg&c_ige%; at least
a pair of perip eralacujtﬁﬁg eages of the ad?gcen periphéral tutting ea(ges & 170 phase d&Hation
from the respective refgrense phasgewhereinthedigiange ofthe gach teferencs spape is an amount
corresponding to a value obtained by dividing the pitch of the nicks or waveform of the reference
peripheral ctitiingietdgesipe #e rawrbenhef thewutingredgesandiassametintsief daviatwohiafhe
remaining peripheral cutting edges from the respective reference phases are unequal from one
another. [004BYh—e fGifHEpRpePaahihy Sagermsonns ordeviaten freahirewedpbativeseference
phase ranged by equal distance in the reference prepheral which equal distance is obtained by

dividing theltch JP I Fitke bf BR“pétphbraitetthdite EdtfiRg Ao byMAg hufitber dPfRecutting
edges, (o MUz diattelviRaAlion AndEatIe te,and Ul fo epdure ighaaeed cyfing the

c
present inventors conducted various st he présent inventors also stuidy on the shape of nicks

which does 1ot giseadieRleAyO! fiactute erehipging of Hie ReriRharg! gHing,adges even when
high-speed cutting is performed. As a result, the present inventors found that the carbide end mill of
the presentdamventing iedgsisally canfigizdd saeh thet revhemataelrtagn aitked peEphesaticutting edge
is used as a reference, at least one remaining nicked peripheral cutting edge is disposed such that the
phase of nieksofithe o Rsaishoré pekpheticitihg ebigedd sEeddvithie akasge bwhich fracture or

chipping does not occur at the nicked peripheral cutting edges, and the nicks have an improved
shaped in o?&&%esﬁbﬂ%s‘é,l%brﬂélﬁdgsﬁ:b?g'éﬁ%nt, tH iftiiéhc® &itcfppigBRed Dy Tiftting load

ir:‘”.eased arﬁiaﬁ&?%‘-fﬁféﬁh?t‘ée PSM%FO’H O%%émg%at i5:40e gnd il %ﬁ*?l?@é%%éﬁ"%’%“on
aving a novel nick shape Is desirably configured such that each peripheral cutting edge has a
plurality of migls W@ 0ol steel suffers anomalous wear and chipping,
to thereby shorten its service 1life. Also, such chattering
ribration causes fracture or breakage of a carbide tool. :
[0020]
As hawving been described in the pricor 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 unegually
separated cutting edges are provided in place of egually

separated cutting edges. In the case of an end mill in

which unegually separated cutting edges are provided,
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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 conyentional end mills, by means of changing,the amounts of deviation from the

respective réfBfEntE pHASed TETGHT e 8 FP&artE R RESetiph8rat chfihgEdyel Wiich equal
dist [ ' viding t ' ft jck iph tt] A b f
the outing sl R e B sy

of occurrencedf<hinpieg atrthemesipharal guENDEdges: HHihisceneetien dhe preserddypantors
found that special attention must be given to the shape of the nicks, including the shapes of the

opposite endssoflBathinacky so @k 1o prevent escerse meenofGhipping agtheqzeriphera outtmglddges,
which chipping would otherwise occur due to load during high-speed cutting. [004B)  In the case of
a conventionHPEEMIEE end it MR THiBIR SHihEaype ifaieragé f&dfrdtd tdr-settfifid @nl eerage
surface rouglrfmegﬁés %%%uégog mlrp/m‘ian. owever, thr%:q:h use, of a niékgd c rebicaile end t_rnig in which
the phases 0 Th& WCKS BT HeViated e directon of the tool axis and Todnded” pc%lrﬁgns are provided

on opposite eals pleahnicy feeddgtereAnbe insigesakiodale AgpiaKmately double the

conventional feed rate. However, even in such a case, the feed rate cannot exceed a limit of 800
mm/min to 1000 mrmdm 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 Hilikhieh is presttibedaaly fof thehshapecbfobpbsite erdld cheactemiek bind the
amounts of deviation from the respective reference phases_of the reference peripheral cutting edge,

wherein the SRHATEE S e rafeFEkYIRde ERAPEMBENTON B ohEiRETS AR b5 by
dividing the pitch of the nicks of the peripheral reference, edge by the numher of the cutting edges
T encountor B EOF 1t AR Eoting DpPoR TR Lo e BORBT ™ Feremrad e

carbide end spilljof the-prgsent igventian, Whigh may.be used upderseyere gonditigasinyolving a feed
rate exceeding 1000 mm/min, it is important to consider not only the radiuses of curvature at opposite

ends of eacl nitk] buit alfo ineshapaef eactrniskdl kaiipphagarbite eadtmil abéke peesent
invention is desirably shaped such that the bottom end of each nick is connected with the
tool-shank-sic isuiel poirtbA v & staighapedon ofla durea porioh vHick islesriexed toward the
nick groove. [0050]. That is, a nicked carbide end mill according to another invention is a carbide

end mill chaP2 3B 2ddinthafihtih FRbRTEAGDE B Grobbe ¥t Badf nER TS EoetEF GRS He
tqol-shank-s}llq%flo_u%&%%{tlgn t‘.’k?]i% st_ral%ﬂ gojr:tbon 10r & C‘é“’r%ipﬂt,'% W:tﬂl%' is gog\:{;eéegtt‘g&vard the
nick groove, or-connected W;_tlh the t%ol-s an -SIdle rouna portion via a straight portlgn and a curve
portion whichgs gapuexediiongrd theigk (099 unless anomalous wear or
chipping occurs, has a risk of being damaged bacause of
brittleness of the base material, which causes a delay in
application of a carbide end mill to high-efficiancy
machining.
[0022]
In Patent Document 1, an end mill is proposed in which
the amount of shift in phase between adjacent wavy
peripheral cuttbing edges is made uhegual so as to suppress

chattering wibraticon as a result of the same effect as in an

unegual separation end mill. However, since the base

11



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 [n_such, cuttj peratian, the consideration_of and measure gagainst chipping and
2 Hiche ThpbHENE HeMedrnied e SPie SGHTS tarkidb Lt P ARBRaderation

[Tl 1 ==
breakage become more important:

of contradiciyy advaptages and dizadvantages.capaat b RRRINGH hy-combining Ay, rgference of

the above-described conventional prior arts and other conventional techniques. [0052] When
cutting is periormeddy=usn=ofitbe canbide eaaynill haying niskad-peripherab euiing egesagcording to
the present invention, the cutting volume slightly differ among each nicked peripheral cutting edges.
Therefore, eJenlwheh hightspeetirduttimy s gerfbrsetdoogttingesisanse idieddueed bytdigersion,
and cutting load becomes stable, whereby chattering vibration can be suppressed. Therefore, the
carbide end" MV FRZRS oPﬂJEeapr‘éééFi’tliH\‘?erﬁ EhlyieRPstietys SnfilbE o fHoRe Hitathed
through useﬂof a ﬁarbid.e end mill having gvc?\_/%ipcetrlipp ral cuttin endgeesa[ool_Sf%efFoDesgagl , the

nicked carbide endlﬁﬁllgfgthaelsprggé“rﬁ?nventlon IS con |gsuFF'e3 sulh tmat“whan ol drameter of the

nicked carbigeendmilLis repesseniaaly, Dy thes iadiis Qheavatuia elihedgolsend-side roypded
portion of each nick'is 0.010 to 0.03D, the radius of curvature of the toolshank-side rounded portion of
each nick igk.bto2«tinned He=kdius efrcuruattrenafitberoal-erd-aidegeurdedgortion 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 effeclefill Besiserbed 0055 icReT bENSTEYAl cltting eageslerwavy pafips&dl cutting
edges for high-speed cutting is designed as the peripheral cutting edge for the carbide end mill of the
present inv bumanit afipsdBE98moved in a larger amount per unit time, as compared with
conventional end ryjéﬁqe carbide end mill of the present invention desirably has a novel gash shape
which enables satistactory treatment of chips removed from the end cutting edges, and which secures

the strength of a distal eadnertiopiofiherenebiibia iedianogyibe dogygnalueeniar gfdae gnd mil
to the periphery thereof. [0056] That is, whether the carbide end mill of the present invention has
wavy peripherakbdiittired gdbasshr nickedhpedpheralrauitingedgesdt sireeemirantetlithat the carbide
end mill have the following gash shape between cutting faces of the end cutting edges and the

peripheral Gy EdGES, fRaddiBeT bRiR¥ipherl Elitting cuid@s vikoseostakbde xa® Hevihtatffom the

respective referenge phases of the reference peripheral cutting edge, wherein the distance of the

reference phas® %1 a%uﬁ?go &St s Ealﬂg%ﬁaingﬁﬂhﬁf&igfﬁlﬁ%th%lﬁtcﬁadﬂﬁe nicks of
the reference-peripherglauiting, edge by the AUMPET PENEIWILE998% to be taken

inte 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 unegual, Efracture or chipping is apt to
occur at the peripheral cutbting edge of a carbide end mill
when the amount of cutting amount increases. Therefore,
such a carbkide end mill cannhot provide stable operation in
advanced high-speed cutting. That 1s, conventional carbide

end mills have not been optimized in terms of phase

12



[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 95 Ls.formed betvry'een crgising pgrtion 54 between the fqrsthjash %Jrfgﬁg 51 and the
second gash gﬁr%aacelgf, aanr%oélrﬁ ane pgr%enlalscularl?/ ir?t%%ec‘?inglfr?g%%is. Asteon gash angle 57 is

formed between a.crgssing POgIENLRE Peivean thedirst gash.sutiacs Sl.andhthethird aash syiface

53, and the plane perpendicularly intersecting the axis. The second gash angle 57 is made greater
than the firsigagh-angie #5cK958fe obagordinglyydesitabyihe cafbide ead milbotthrepreseant
invention is characterized in that the carbide end mill includes the above-mentioned plurality of
peripheral cattidg Balyes terftbeuing bdded rnilgeshemedehrtomfose dist segidiiyner gdwh
surfaces; the plurality of gash surfaces include a first gash surface serving as a cutting face of the
correspondiRg 8RE Tl gRt <t oRbYRSh surface provided on the side toward the rotational
center of the tool a iagﬁgﬂe 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 seqepdegasthsuriRGeaARd @ plane Remendicularyptarsedinadhe axisi 1 asgcond
gash angle of 40 to 600 is formed between a crossing portion between the first gash surface and the
third gash sutidesh and the planespeypeddichlarly intetsectiegthte, axisdandsthiadength of a connection
portion between the second gash surface and the third gash surface is not less than 5% the tool
diameter as@HE&ERFE froRftheht®o»TRMEXIS Ane feds tRan2DIs theXobldiameteld f0059) In
the case where the carbide end mill of the present invention_is required to remove chips in a larger

amount perﬁﬂffﬁﬁ?e%é%@rﬂﬂg%ﬁﬁ EsméfﬁioﬁapﬁﬁfH}‘ﬂls‘?ﬁg?j'—e%&iﬁé’(fgbg\}-é‘? thega shape of
dp gPUmlpe.Asdeseryed abous i e -presentavensiom, Jhgauohfprmation of

the end cuttg@ etd:.ga%%
gashes having a gas ape defined In the present invention, the following advantageous effects can

be yielded. Lonaitudinakiasheutting datealdeed cHiinaaged ohlivua.syttinn san beipgsformed by use
of a single carbide end mill having wavy peripheral cutting edges or peripheral cutting edges having
phase-shiftedihicks: Thips eemsoygo-fremeifie etbeutineg eddges bhthedtame oklomgiudihal-feed cutting
or oblique cutting can be treated satisfactorily. The gash portions are strong enough to endure
high-speed ateFdls obfgse chRing. Hadrer 8R&tSiMGeAINENSn cAndelmmimEe8tBB0f Phe

carbide end mill of the present invention has peripheral cutfing edges whose phases are deviated
from the respREIVERRISERER phis&S 3P thléer'g)feef n&;‘ Ser%%'g?ap g &f Wiierefn hggﬁstance of

the referencg phaseyis 9nbﬁq1%lilptlcgggfegnqiﬂg o éé(ﬁg‘fd%t}tﬁg‘fﬁj %@fﬁid{{@oﬁ pitch of the nick of

the reference peripheral cutting edge by the number of the cutting edgesand also has the
above-descybed gash shape regionsifroraiiae gutiag dacesrofdhe endxutting edgesto the

peripheral cutting edges. Therefore, the carbide end mill of the present invention can efficiently cut
structural steekgtradturat o btesh die st larioett. or hot working, stainless steel, titanium alloy,
and super-heat-resistant alloy.
[0025]
In the end mill described in Patent Document 3, a
portion which connects a nick and a peripheral cutking edge
portion has a sharp sdge shape as shown in FIG., 19. The
purpese of this shape is to provide large flank angles at
opposite ends of the nick to thereby ensure strength.
Howewver, in the case of a carbide end mill for high-

efficiency machining, to which the present inventiaon

pertains, employment of such & shape raises a big problem
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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, %hglrrg & aet i% E%t neDc§§%aril¥ regluired.. However, L¢se of an o,‘%tlimal ard coat is important
so as to stabilize and extend the service life orthe ehd mil ot ﬁ‘g%ﬁa'sen Wention when the end mill

is used for highspeeasuliingnl00§3kioe s idious hard Gaats haye beepgdeyelopsd so as to improve

the performances and service lives of carbide end mills, and the hard coat proposed by the applicant
of the present inveptigiz &nd 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 cuttf@isprledAteameards fbr éaRaTcihg dxielation tedistanbd ahd wasrdesistance must
be taken_ When the present inventors actually used the above-described carbide end mill having a

novel shap& ?off%ﬁ'é’l’? n?a‘é?\i_rfﬂ%é?‘fﬁ&?%g% Q%ﬁg&ﬁﬁlesiﬁgﬁsﬂﬁn ‘Bi‘l‘agtiﬁf_r Skd Yot Bf the
peripheral qyétl rﬁ(}gﬁ;\e v%céw %rgc%%:%l:l?r%o _|gh;ﬁs§§gg_ ]%:g"g{m . ng fprese%t Cjmventlon has been
as xidat 0 zﬁ

. vyer, . .
accomplishe easures against suc ion and wear. Shat |s,b{ﬁe cafbide end mill

with hard ceef@asserding tibedreseridavetionds sharacteliagddn 4aata-pargrcoat yhich gan endure
high-speed cutting is laminated on at least the wavy peripheral cutting edges or nicked peripheral
cutting edged baviad Brsovef shaperas descrifed-¢arlien [00Ey] pornikecase wiherethelend mill
has the above-described gashes, the hard coat according to the present invention is coated on the

gash portiofRAAIAR[hTENREI St chipd dlriHy Qfttind Bakged edrings tthehapd c6&eof the
present Invenuon SAN Ao gete e 9amgoe P2%8. case where hign-
efficiency machining is performed through high-speed cutting,
if the toel does nok have a shape in which these radiuses of
curvature are determined optimally, chipping occurs dues ko
lack of the rigidity of the peripheral cutting edges.
Moreover, wear QCCUrs more easily due bto deteriorated
cutting performance.
[0027]
As described above, each of the end mills described in
Patent Documents 3 and 41 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.
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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, épﬁ%%}nposite layer including the above-described innermost layer and outermost
ayer and one o e ddenneale veisnienasebershatagen Desliahly PR aulegTost aver s
greater in oxidation fesistance and wear reS|snt1ance than tﬁe Innermost layer. [0068 The term
"substantially,is used-sa apiR-REARPAShE CAsevised diffusine layesiefasmegatween the
innermost layer and the outermost and the diffusion layer may slightly differ in composition from the
innermost layge optheseutesfogid@ajerhBukih thatcasegvhaigdze tiweknslss bt diffusignddyer
increases and the content ratio of a certain element in the diffusion layer deviates 50% or more from
that elementiofhE RdE Nidst Wyer dhdesd dofermbstRget a8 difusion 1avst ShegRBed%s an

intermediate layer in the present invention. 006%])1 By means of formin .th?bharq_coat on the end
mill of the pREEAERVERIGTEY TEe PR dE Tta Hﬁiﬂe?%riﬁg?opggﬁgr sonitride of a metallic

element Witl& ﬁ%ﬁﬂi'@g g}%%ﬁst S’I‘%%bl,% metallic gker;nﬂ%t fgég“}@ i HE‘E&O% $qugit£|§gutermost layer,

and the intermediate’laye ich constitute a respective hard coat, damage to a carbide end mill

covered by g haide@al-Gane-Ritdated dherebyanabling sutingapesationdie besperfermacemore
efficiently. [0070] That is, in the carbide end mill of the present invention, the innermost layer of

the hard coatss éormefifefct nitrid e xaibionitaitle ngxynimde 2dr ex/carbonitdde eumairtingTi and Al as
main metallic elements, and the outermost layer of the hard coat is formed of a nitride, carbon itride,
oxynitride, o kpeaBBaRMES SotamirkPTEAR 8ha&RmiIP hdtsaRd BRATehts JB6 Y fid@dver, in

the carbide end mill of the present invention, the innermost layer of the hard coat is formed_ of a nitride
containing ofedH 61%%5?&5%@%5‘&% s‘é)?eﬂ&eaotf]r%ﬁ SRSRY N, CF T Fard s Thé? inef‘erﬁn%é: fate layer

is formed of a,compaund gontaining. eae. ot marg mefalelgmepts.seladiad fiom.among Alner, Ti, and

Si, and one or more'elemeénts selected from among N, B, C, and (3; and the outermost layer of the
hard coat isdeuped eta campswRdERatEANINg@RE GigN@eJuetal elements setdectethéom among Ti

and Si, and one or more elements selected from among N, S, C, and B. [0072] .
synergistic effect attained by the gash shape and the action
of the peripheral cutting edges, none of Patent Document 3
and Patent Document § serves as a reference for creating the
present invention.

[0029]

Patent Deocument 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 Ethe
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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.LmN, 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 %resen invention yield varipous effects, such as enhanced chip breaking performance and
|

enhanced cRpTentOvaf fefhraic@ Bvaf e CIREMHEES dGik§ EigEPoticiPsithe end mill is
detachable frem;a tQolhp i@)g/pggi‘gnc;@ergogﬂp' h Ig t@ﬁiﬂttingﬁggfé)rgrtic n.JPe&efore, when
the cutting edge portion of the end mill wears as & result of cutting, the cuttingge ge portion can be
exchanged inelividuallydar gentinuensmsewEaerefore, ¢esirpblsibe sndLnill pfthespresgpkinvention
includes a tool-holding portion and a cutting edge portion which is formed of carbide and which is
detachably attschdutonhe roaiHbiding oo (G4 a ce That isyplee: prasent inveatiomprovides a
carbide end mill characterized in that cutting edge portion formed of carbide is detachably attached to

a tool-holdiitf BEAER. PRTSF Fachrie darelwRdB ARG eadonebee BREYe hilik like,
involving longitudinal-feed cutting and oblique cutting, ig, perfqr e%;? use of conventional end mills,
which are de %3%@%r gﬁéitﬁ ingh%esda%?tir;tglanre dbli?ﬁeegd‘[gai& §r§0n hEd"8 EhdREE'D a suitable
end mill for the.pUrpoge ehmachining. Wheg fhcabide epd milkatthe pgsentipyention is employed,
there can be performed a novel cutting method in which various types of machining operations can be
performed efficianidynhy @se pha sifigie end«nitlaitheghtophexehangei bagausastitesarbidg end mill of
the present invention has the above-described novel gashes and the above-described novel shape of
the wavy pérlphebst Tittigledyestdrahamidkedpefipherdl cattimjtddgespamtt admard £oat which can
endure high-speed cutting operation is layered on at least the peripheral cutting edges having a

unique shafe&. 98676 TN A c@iRG FRARod 2deGHdingh® tRE PRt Hyvehtisf il &arastekiied by
comprising te cessively. performing at least two ty of cutting operations selected from
Iongitudinali%qé% cgtaﬁrgwg%%t% I-f‘eellgl cu w?gq,%igh%gotﬁﬁﬁg%%ttﬁlgg%? use of a carbide end mill. The
carbide end mill inglggasg f 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 zendieutting pddesitantgasiesreachropaiposedaf acplaralify okgaskesurfaces. The
plurality of gash surfaces include a first gash surface serving as a cutting face of the corresponding
end cutting'&8gd; a 8Bc&idlgldH susace plolitdetican thrddidé veardthaaotativaalzentstof 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'dF 18363555 FSHEY GGR_AYECAEsRE I Betwddie #feifEEgash surface and the

second gas . o rpendicularly intersecting-the axis! A second gash angle of 400
to 60 is forr#gﬁfé&tﬁégﬂg %ro%%sl;ilﬁggggiggn %E{tewé)(gr? thseufllrs#ggalsen %r?aclené:ﬁae & thid gash surface,

and the plape pemendisplabeingysedingtheaxix Thedengihof aseqnnectipn ppitian befyeen the
second gash surface and the third gash surface is not less than 5% the tool diameter as measured
from the toalI'nta¢ion axisnanedlessiban 2R thergokdidmeidrl Tha pespheiat gutting esges are
disposed such that, when a certain peripheral cutting edge is considered a reference peripheral
cutting edg&ithireterefes phadedim & bitctpsiihehreferedepedgharalicutting edge, wherein the
distance of each reference phase is an amount correspgonding to a value obtained by dividing the

pitch of the TR OGS f0rht Bf At etdRfcd %eﬁpherﬁh&ﬁﬁﬁ@j%ﬂ@é%ﬁﬁe%nﬁéﬁj@% Mé“&btting
edges, andgggfpgs%ﬁéagggégglﬁgggyf é%?&“”'”% Peggh%ral %étélggcﬂj]gg% |%9%V|ated in the

direction of the tool axis from the corresponding reférence p%a%% y an amoun corrgsplorﬁding to 5%
or less (exqheciie OHORf the plichJainEC T80 THEINYENSI@Ncause of poor chip
removability, which does not pose a problem, when the end
mill performs lateral-feed machining. Therefore, it is
difficult to perform high-efficiency machining by the

conventional end mill.

[0031]

16



[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 deviatjon in the djrection of the tool axiEfrom each of the

corresponding refe%ﬁ%e%%@éwsaﬁgmgﬁﬁt Eorr&pofling't8 594 of F8K% @RETAIRGTY%) of the pitch,
preferably. apameunt aaifespenging 18,4360 %L s biteh, Thetipie, Gufiag L esisianca s
| atte

dispersed, andcu ting load is stabilized, whereby c ring vibration can be suppressed. [0078]

In the carbidgigndsmillief.onesaMention: yhenra sedain pesphera culingedgedanensiderecka
reference peripheral cutting edge, the phase of at least one of the remaining peripheral cutting edges
are shifted fee theareferedce phasd of tHecreferende pefipiferaticuting edde dbyan ambuntfor
corresponding to a value obtained by dividing the pitch of the nicks or waveform of the reference

peripheral ctihg &dile FrafePrAbd Bithe chtingddgelcard iRFambhnioaHBHEVRIBRSS the

direction of the tool axis from each o thelc rr ggorrlndirlq rqEreﬁggiphﬁgf b & amount (i%rresponding
to 5% or Iesg?gxc?lfd?ﬁ’é’ 65/0)36} t& Pitlh of the perlplﬁerafl cuﬁlng eche, pretéra jfy, an‘armount

correspondipg 10.4% 12.3%,04 the pitch i, gad gullnet@nly Suppiesses chatiering vigration, but
also breaks chips properly, can stably rotate at high speed, and has an extended service life. [0079]
The end millragcording ta amaimet inveatiomdrwhichibe gdivs ef ewatiie Df ihke tnel-end-side
rounded portion of each nick is made smaller than the radius of curvature of the tool-shank-side
rounded poriimpof tact nigk Bevdtthe hotlven e sesachiniekiddeihectEl Svithttheod!-shankside
round portion via a portion having a novel shape has a higher chipping resistance. Accordingly, stable

machining chR B PerfRmRasvBIRRR cREGPERIE SRR ThYRRG. FherEtaPe Hdtofding to the
present inventign, there can be provided a_nicked carbide mill, whi n perform_high-_ efficiency
Fough mach gy S8 R eer aey SEt ot e Tooh HiarSO8 cilingoAaF thich o

a long servigg lifey, Alsg,- thenick $haRe aceerding tpdhe prrseat inyepHen imrrovea the gutting
performance of the end mill, to thereby reduce line-shaped marks on a machined surface.
According/ywa ivatkriaestam be maditined tmbaveam Acaurately inaghineflistitace 1 089]
Moreover, in the end mill of the present invention, a cutting edge portion formed of carbide is
detachably &ttecheding betoshHoldinblpdrtiem Tirerafobarddmen b dimy 684 portibhbRe@s the
cutting edge portion can be exchanged individually for new one of the the end mill of the present

invention m&iffshiFY bF #HEab fREMEASRdd BHECtS 'ich iy erftehred iR bieakiNy performance
and enhanced cgg)-rfgr}lovailrl%ggr{ormanc&?,. £%alize9 ‘;qrg%gg em(%\ﬁrasnte%f&hﬁff}(el gashshape and

the novel sh%a%g of the wavy perlpﬁlg’r%Pcuttlng e%aes or the nicked peripheral cutting edges. [0081]

An end mill pgyingwayvy of nickedReripheral cytting edgesasserdingde thespresegigyaation can be
rotated at a speed at least 1.5 times that of a conventional end mill whose peripheral cutting edges

have no phase=dawgtionsn thegifeetion oftthe ttealaxis. in padicilan, fog hdtdpeatsappiied to the
peripheral cutting edges enables stable high-efficiency machining. [0082]
cutting resistance, and which has a long service life.
Another object of the present invention is te provide a
cutting method performed by use of such an end mill. Skill
another object of the present invention is to provide an end
mill having the above-described shape and hard coat so as Lo
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,
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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 whicg Drevents oﬁgati%n aT[dL ear caus%d bx Severe hi h-sgeed cuttin é?g‘ﬁg}r
Specifically,ltﬁe end mil of he Sresaen inv&hiich Can Machiitat X Edt ﬁé‘%‘ﬂgéd %‘ i glhspeed)
greater than20Q. @/mmzwn&_%erm%o%fnga@c%@.m%w@osﬁfseeh%rf' £Wllng £dgeg bave no.
phase deviation in the direction of the tool axis. Such an effect ot high-efficiency machining is attained
by the synergetiseffeshofitbe pyehshiape dshe endimillpnsthe haed caataf-the present invention.
[0084] The peripheral cutting edges and gashes covered by the hard coat may be the wavy
peripheral cattingedded or i@ nickad pklipHeravbutihgdiyesdf thepresentineeatoh. When the
hard coat covers not only these novel peripheral cutting edges hut also all the gash portions which
satisfy the af)%gglﬂ%]sgrigé’or cORUIRT For W gRERET didp P Tahfiye? {ORdbidtP ¥R sed by removal of
chips can be QHBF%?@S%% tQ Hweng;reatest possible extent. [0085] Although a carbide end mill is
expected that it mlghtlhav a l%ngér service life as compared with a conventional end mill formed of
high-speed tool steghgazRigk 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 wiimharsirapiat which, carhpreveatehkippingwaitireakagerefith ey ttingedgesand
which has a long service life. [0086] Since the nicked carbide end mill of the present invention is
configured S0t Mat-the'Phads bt toRdkdd pehipFeratBamal sy are ahiftdd fwer 8Rie another,
chattering vibration can bejse?l:#pressed without causing fracture or chipping. Accordingly, the present

invention car pertdtth FigR*HEBRS FOuGhHAEThmhY origh-EfRicHERERH Fins Mathfhing at a
feed rate of 100D Jum/min giﬁgﬁﬁa&ﬁ{eﬁn 8&%&1@\}{8 glond f%évécec{qﬁt@19§7lar O-BQeJ. garbide end mill
i S i e define

of the present invention in which the gas pe Is optimized within' a ran inthe present

invention can.¢apenyith yapeustypasof SAchiRIR sueh asdenditudinakfeqd eyiting, lateral-feed
cutting, and oblique cutting. Therefore, the carbide end mill of the present invention can perform

various typesgefmachkidinge ppératibns,ftom high-efficiency rough machining to high-efficiency
semi-finishing macpéndg%,]through high-speed cutting, and can have a long service life.
Meanwhile, even an end mill having excellent cutting
performance is not accepted in the market if its
manufackturing cost is high. 35ill 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 re-

ground.

MEANS FOR SOLVING THE PROBLEMS

[0035]

The present invention was accomplished with an aim of
developing an end mill for high-efficiency cukting which can
achieve a chip removal quantity per unit time greater than

that achieved through use of a conventional end mill. 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 gutting speed of the

conventional BH& 758088 theTRE Baffide &RY AT PINSERLEA: iRlerftEn be manufactured
in the same manner as pordinary. end mills, because the cutting e . ar t r nequally.
Therefore, tRe %grlbal(% ce% arﬁ:%ﬁﬁweegrgssren%tflgvgrﬁio% (%fnsﬁgegg%/% rhaeﬁ%%%ﬁfﬁgegdqglﬁlgogver cost.
Furthermorg, fm&eﬁl thedlutes of theculing-edpes havgedhe same.shape: chipsuaig remeoyvad
uniformly, and excellent chip removability is attained. Thus, the carbide end mill of the present
invention canthavesardcanpistEbtratrviee lifarantganperfdrnpkighsspeedcattiray f06903 r o£fThe
carbide end mill according to the present invention can perform high-efficiency machining for a wide
range of woskp#etesi IHEIUtdiRd- thosarfdrmdd 8Rstrudiaraf Sl Sttkiiel Sr-F2teslVdidndeel for cold
or hot working, stainless steel, titanium alloy, and super-heat-resista t_allo% whic][j workgiggrﬁs have

many applicBRBHE AFtHaRafkbt G0 ENT “inften 4 tbRvertionaf eftd thiff AUt 85

IS usef € maximum

(limit) tilt anglg of e, B@g&;@d&@'ﬂgf@@@t&gg%@g Is apput 5Q..Jo.gepeal ordinary, obligue cutting is

performed while the tilt'angle is setto a en the end mill of the present invention is used,
ordinary obligue guting-gan Pg-Rereimad whilg the Hli Bngleris sehin 20 obgreatersRhgesfore, even
when a concave shape, such as a pocket is machined, a drill is not required to be used in combination
with the endrmili ead operatiorsofidxchhngiag thegplt adth théehdenilaadesEmsperation become
unnecessary. That is, according to the cutting method performed by use of a carbide end mill of the
present invdrit®nTamidiéTeutting, such as hole machining, can be performed efficiently, and, at the
time of machining %fﬁﬁ%iket 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, RRAVINGS [9992] - o s 16 s kaveial schamaatis view,of 5 carbide

end mill showing one embodiment of the present invention. FIGS 2(a) and 2(b) are enlarged
cross-sectigRahwewnsof adpgriphesal cuiintdedgestake b adengniita-Aa bf i@ kranvierein FIG. 2(a) is
an enlarged cross-sectional view of a wavy peripheral cutting edge, and FIG. 2(b) is an enlarged
cross-sectigmakvipheofal nicked pedpleshaksuttng edged PRIGBRRadevaidirhant fyl#éshowing
the phases and pitch of the wavy peripheral cutting edges of a conventional end mill in which the
peripheral cafingddgesth£=A%9% phase deviation. FIG. 4 is a development figure showing the
phases and pitch 0[ 6%%\1‘,\/]3\vy peripheral cutting edges of a carbide end mill of the present invention.

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 directicon cof the wavy peripheral cutting edges or
the nicked peripheral cutting edges under the condition of
disposing cutting edges at equal interwvals in the
circumferential direction of the carbide end mill. The
present inventors carried cut various studies to find a
phase deviation amount which minimize chattering vibration,
enabling the end mill to endure high-szpeed cutting. As a

result, the inventors devised a carbide end mill of the
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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 shpwiré%the pitch of nicks and the

phase of niEedTEHph&P Cifihg ed e S cohveR ARG eritAfAn Whidh e p&fibiral cutting
edges hav iatiQn, I ' i OW| e pit f nicks and the
phase of ni%k%%%{]e?%%\g% ?:{{thtincéfed{e%eo;f%%%fgﬁ%%?%%gﬁqtﬁ%%e\gﬁg 'Tlr?v?é%ti%%.g ° “FIG. 8is a
developmenifigiiee shewingrenesambadimay inwhicha-pair of gicked peripheral gulting edges of the
adjacent nicked peripheral cutting edges has no phase deviation from the respective reference phase
ranged by et distamce ioftise refergnive pevipligrghenttinheacgk, wihichiequad distanceris obtained by
dividing the nick pitch by the number of the cutting edges of the peripheral cutting edge. FIG.9is
a graph shdWiRgRatiRG reBlemed 16Uk Eéﬁ@erﬁf%%ﬁeﬁé‘ﬁ]iHi&ﬁ\@ﬁi%ﬁqhé%ﬁséé’éitc&ﬁrﬁﬂ- Edges
are shifted from one anther b% n qual %rlr_lwount. a1 FJG 10is a g%lﬁh howir'11%llcutti519| resistance

for a conveRGOHAT end il T Whic clurfting gdélexslgre selp’a?gt%ﬁodhe aliy’® © is a graph

showing Cuﬁwﬂﬂﬁﬁis?nfsﬁa@hfﬂ?%ﬁi"&@?@f#%%o%ﬁ“%i?@:%‘&%@ W& OLibe, parbide
e

end mill of the present invention in which the phases of the waveform peripheral cutting edges are
deviated byaan ameunhecrrespengingriel?% dire Wayetoiaepitchrwhigh falisipaidesired range of the
present invention from the respective reference phases arrayed in equal distance which equal
distance is Bstadnduadivioidd-tredwadafemn pitbh o the aombes obthectutting rdgesufithe
peripheral cutting edge. FIG. 12 is an enlarged view of end cutting edges of FIG. 1 and

neighborindp&fGibKe5€ FFEUT3ResFaftal Ehss et iBhatvidw tARareRng finsaeiderIc. 12

schematically shovyiﬁg:jhg? 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. v 5 15 15 i%,8n gplargeq crgss=sachignalew fiadickedperinpergl 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 whtherendimilk fartibe case weretiee batigm end efgach mekit eaMMecteT:o a

toolshank-side rounded portion via a straight portion.
wavy peripheral cutting edges each having alternate crest
pertions and trough portions, or a mueltiple 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 cukbting e&ge 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 dewiated in the direction of the

tool axis Erom the corresponding reference phase by an
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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 tooIshank-s_iLd]fdrpundS ortion \(Ri/a a curve portion convexed

: Vi

toward the dFEHBE opposite fhe MG Grobvas 4L it Prg i PsHWifig the nick shape

described in Paten Besyyent 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 ig&psled Bick shape dasgrifed in Batent Pogueah4. invfe: 23ris asview showing
the nick shape described in Patent Document 4 in which a connection portion between each nick and
a correspondingfperiphedal cuttngtécge bsazadies of cosdturasardler tharathiat of a concave
circular portion forming the nick groove, and the radius of curvature is made equal between the tool
end side an8eNd &fol SRadiEsitR. @ rEEe22 % a YidhPcotfepbnbitfy BFIEN 23t $howing the

nick shape described in Patent DOC1l:Jm nt 4 insw 'c%thetti?giug{}oflpggvaéur ;0N theetgg:%h%nek side is
made large B Bh e toBFeddSide ™ FIE 23 is s deveﬁopmgnp |gur3 sﬁowmg fhe pitch of

nicks and teaase oferipherat futiag adaes of arcopyentional nicked sabide sRdall 13 which the
ig

peripheral cutting edges have no phase deviation. FIG. 24 is a development figure showing the
pitch of nicksranghibamphages ot pedpherabcuiting edgasief thetickeshicarbidgiencimilkofthe present
invention_ FIG. 25 is a development figure showing one embodiment of the present invention in
which a paipdftmitkenfpdripherdldistimyredgasdicthe adfacehenickde peripienat Likdmifedges has no
phase deviation from the respective reference phases arrayed in equal distance which equal distance

is obtained B BkAdIAg BAFRICR pitkh By tHERE MR of e Gitfiidt Bdg&S#Pone cutting edge is

deviated from the ﬁ@fé\)ﬂfnding 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 tpf{he catbige e2d Hiill phiheeseplNGRHOR: YO8 a8 RiGed to
machine a workpiece formed of a2 hardened makerial whose
hardness exceeds 40 HRC, which is called a difficult-ko-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 cukting edges or the nicked peripheral cutting
edges each have greatly improved wear resistance, as
compared wWith 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
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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
invention. SEEESTS £ R SR an SeanhiE Eifinate structure of a hard coat stabie or 8
hard-coat-coated emi[mﬂl]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 thgraid-epabgoaine ead ¢l -of dbe piresentdrwmionkthedart oak beinga
composite layer formed by repeating an operation of laminating a first layer having substantially the
same compdsiionbklhe iMterimosskner and arseeond deyier frvingdsubstantiaiiy tike samge
composition as the outermost layer is repeated at least once. FIG. 31 is a view showing an

example laMT8eE Sir@dufbita- Rrd S Buitkbie rEPHEHd R BERREEMEENChillkdfthe present
invention, the. tg:ard coat Eej%g compQsed_of an outermaost Iafgﬁn intermediate yer, t@d an
O |

innermost I%}erﬂ\}l%%lg CA NS oUT THE NVEN 'TO(E' TP fbodinTents of the
present inveniianvil oy, e deseribed withreferencedad| GBSy Ado-SaWhile comparingyuth
conventional examples. In the case of the embodiments of the present invention described below,
hard coat isufotptegsssardyf redquirede Hopleves Hesirablynbhakbenat isnprovides iaorderiodmprove
performances. FIG. L is an overall schematic view of a carbide end mill showing one embodiment of
the present3avdAti®ndl S Cldigive An elkéniphe darbidese Ad alll BhRhuREPE @0l Wameter D and has

flutes 16 for chip removal and four peripheral cutting edges 1 on the periphery thereof. The peripheral
cutting edgd€ SRFGEGT pBRGRSE Rifidy €858 &%@ﬁﬁ?nb SRS toBreNd Side® tivdtd a shank side

3. The numbergf tg:puiing: edpesgan e gianged anneeded so laneas e-numbsraldpe cuting

edges is two or more, which enables phase mong the cutting e ample, in the case

where the eagdpillg usaddn CutRlwaminung 19s the like, the nymber of thegutting-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 ptaterial itheatunalrenaf the cutting Rolggsreantbe mcreabad upatbraidhitsadadiep cope with
high feed rates. [0094] FIGS. 2(a) and 2(b) are enlarged cross-sectional views of a peripheral
cutting edg& iakediaigng ife RLASS MG, thE |G izkyisean BAMBRJeraross-sebfofd LAie BES wavy
peripheral cutting edge. As shown in FIG. 2, a normal wavy cutting edge has a waveform whose wave
etont = InBEARRIS 8 A AhTCPRCRIES oot G S Toubip ot e Forfesshy
appearing at a Wa\ﬁ{@‘rﬁ itch 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 regeatet at g AideRiichi@wahieh énthedntesal @ intaisestons2@ bebwramnthe
peripheral cutting edge and nicks. Thus, the nicked peripheral cutting edge can break chips to thereby
reduce cuttamgycrebistarioeount 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

cukbkbing.

{0043]
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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 isc? dev.eil_'%prg?‘nt figure showing

the one embodimefA&3h jp?gsetrﬁ invVEntiBA T W |chlcglﬁ"eEB§i%%¥'\7vav$Ff)gﬁ‘lphera cut mé]jedges of

adjacent wayy periphqral cyting edogs has AoiRhasefayiationdign respegtive feference
phaseswhichare shifted from one another by an amount corresponding to a value obtained by dividing
the waveforaapiieh ynthe meuaber-ef the culingeriggsandenaeuiting edge ihdevates frars the
corresponding reference phase. Notably, in FIGS. 3 to 5, the positions of crest portions of the
waveform areamgicatadippeirallacmatksnf0086jes As shbwnrih FIGd3pinThE_ase of the
conventional end mill, a first wavy peripheral cutting edge, which is illustrated at the top in the
drawing, is &Fetererde ST pRerdl %uﬁﬂ@%esiﬁ?& FRsEfoHRSitchaP3dhch REEdREESbm a
certain crest_portion to thet?}ext crest Cpog%oa QQ the case .of atnjcked doelriioheral cugtiﬂg.% e, a nick

) . |47 ; X .
pitch 8, which ia 2 GiSancs Hom the nteTSection of & certain peripheral cutting edge with a certain nick

to the next igtgﬁsqggoglp(gm%gggcgeri@[@é@mm?ngWitgeé%ggxtﬁa@_l@ﬂggg/id&g by four so as
to obtain each reference phase 14. The remaining peripheral cutting edges are disposed such that
crest portions=af seeantlitfirde &fd fourthowa vy peipherahduiting edge 11 fhl 2 Shilclizarey
successively arranged with the distance of the each reference phase 14 (every 114 the pitch of the
reference p&riierdliquitidyl edgaaohtheistbtivben ODo N oh-Fpsirdh anardngementd the

reference phase 14 between the crest portians_ of a certain wavy peripheral cutting edge and those of
a wavy periHet¥idftify 868 LdfpceRtiRD e NEnfarh8RE afiThe Waly ':géﬁeﬁheral cutting

edges. Therefore, tF unt of cutting of a workpiece by the end mill is equally shared by each of
the wavy periphera cuttin‘i; edge. In the case where each cutting edge cuts the workpiece in the same

amount, resonancerpecs AUFRY Mrachining.asindhe sage pf an egpaksapasationard mill, which
has been described in the prior art section. Therefore, chattering vibration is apt to be generated.

[0098] Inroastrasthin thencase afithe Enddnitof thespresehtimvehtigny; asShola indt@. 4, the

crest portion of the phases of the second wavy peripheral cutting edge 11 which are disposed
adjacent to Brerrerdrened peHphdmtcadas eBge 1oeand e gh RS sPRB Fadrtiraby Péripheral

cutting edge 13, aro stifecequally by 2 deviatlon amount 13 1pm gagh of e reforence page 14

peripheral cutting edges.

That i1s, the carkide 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

phases wherein the distance of the each reference shape
is an amount corresponding to a value obtainead by dividing
the pitch of the nicks or waveform of the reference
peripheral cutting edge by the number of the cutting

edges——and the amounts of deviation of the remaining

peripheral cutting edges from the respective reference
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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 oflth reference phase 14 obtained by dividing the wavy form pitch 4
by four. [005r “#%50ne of the embodiment of the ggr%?: &&rid mill of the present invention shown in
FIG. 4 is that the waygfpsm 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 cutingfeage. piz spelr acase ithe deviiiofmnatat rotike iphaserof theygecond
wavy peripheral cutting edge 11 from the corresponding reference phase is 0.02 mm (2% the
waveform piEif 4F 2R@eetitien Bafcunensof B pRage ofe third seavy pediphtrai catting edge 12
from the correspond%gﬁreference phase is 0 mm, and the devjation amount 15 of the phase of the

fourth wavyEriph& Colling etigePlEfarh HBtoheSAsding 18frdin® ARt diaerhb 2% the
waveform pifely 4), . q%véa 'cinc%@o Bt 13 assumes.a sjtive value when the phase is deviated
toward the shanlk é%‘%e 3,and a negatl&\g/e value when ?hép lghgislg i ggv*gtgﬁ%\lliva%:‘ %%ﬁgglceend side 2.
[0100]  WitheigRgeigroier end wilkebte presendnwantion.shauyinFIG:. 5, Reaksobthe
phase of the second wavy peripheral cutting edge 11 disposed next to the reference peripheral cutting
edge 10 is déadted frong thel baradsipom dimngteferahte phase éydhedeviation ambuné 1highd-the
phases of the adjacent third wavy peripheral cutting edge 12 and the fourth wavy peripheral cutting
edge 13 ar&REFAeiAEE i BRECHFSSRMEINYYERSIEAES pRasduz vt the rfé@mge phases_ The
deviation argggats 15 of the phases of at least one wavy peripheral cutting edges, other than the

reference peripherar cutting eage 1o- hre B&eRhied SichIhaHE S b mbaRas"E 5% or less
(excluding %%’EQEI%W@ﬁefBHE pitgh 4 of J{l?.% Lef re[_plc?g@émhgﬁal EHQE‘Qu%d@eol:o ega%é e B%ripheral

cutting edge with that deviation amount 15 from the reference phase 14 Is set to th tion~of tool

axis. As desribeseainve; fireegarbideandimil is galigwredrsughdhatihgicadhide gndypil hiag three or
more wavy peripheral cutting edges; at least a pair of peripheral cutting edges of the adjacent
peripheral cutingzedgegnkas nofghasemswiation fidre tipe respettive refatence phases artththe

amounts of deviation of the remaining perg)heral cutting edges from the respective reference phases

are unequat ftSnFef@anrstheREVRRA stith Bheader eraRdring WiBFsiibAtahhelasipradsed, and high-
efficiency machining can be performed thrqugh high speed cutting, [0101] . An example of the end
mill in Whicﬁ%le%ﬁggeegf &%ﬁ?ﬁan%%&rng“ g id 0%?/% &d froftt L@or?e%ﬁbﬁ&?‘uﬁ%éference phase
will be desqribedhpiowmemal diagaterend pllssediadorm @ 4rogue A LojRigss plien has

three (odd number) cutting edges in order to secure chip removeal. In such a case, according to the

specifications dleserikedringbatent Decwnenlyl digbe teviatioparseurds 4B frop the paference phase
14 of the mutually adjacent peripheral cutting edges are rendered different from one another. In
contrast, a@@oadifig ®d thelplesenfinvbsticr; the deviation: apmuinpis fron thetreferenedphase 14 is
limited to only one peripheral cutting edge. [0102] In the case of an end mill which has five (odd
number) cutthGEdde ActdridigitothEdpaeificatcHsiddscFibea i PatcHt D3elRRHR Y, tWeadnds of

deviation arryogn%scliél ;‘ronlthghrefer[(laré%% Hhases.arﬁ regiired. tIQ pontragt, according to the present
invention, ohly oRé fype Of deviation amount5 oM the Teferericd Thasedor isTBAUIFSE Even in

such a casg,chaltering viration 6o be sUPRIESSEd ; Hidhsefficiepey machining.can he pgrformed
through high-speed cutting, and service life can be extended according to the present invention.
[0103] possible extent, the influence on chipping caused by cutbing
lecad increased as a result of phase deviation.
[0046]
That is, the end mill of the present invention having a

novel nick shape is desirably configured such that each

peripheral cuntting edge has a plurality of nicks:; when one
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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] PeEiRIeEsEgrphtshowingaattingtediStantd ¢da adrventionaremnill RLAFEN the
phases of cuttin%edges are shifted from one anther by an equal amount. FIG. 10 is a graph showing

cutting resisERfce B atbRYEtihal 8Rd FRFTFWRRRTuty Sddtitdrs stpatded unkbtaf Fic. 11
is a graph showing cutting resistance, for. the.case wher in ration i r by use of a
carbide endmn%\ml{c])’f the' Br%séﬁte in%%r‘qi?tlsoné.yph%%é%}d ﬁhﬂ]lgclg t Lg%r%s%%%%%%ti%ﬁ ?kl]%%%&e%?gh%r%l cutting

edges in whighiphases gie feyisted kemdhe respagiive raferennecphasespf Pevipheraberting edge.
The respective reference phase is arranged equally with the distance value obtained by dividing the
pitch of the wave byrike namibet bétheseltiizg edgevtheamoantd thaeeviatidbnes d¥%stheavaveform
pitch, which falls within a preferred range of the present invention in Pig. 11. 10106] A workpiece
was formed &P et cRPdlstedl, &fd Ahenbifl used FBahiasurehitht Wsforhed ot caMide, and had
a tool diameter D of 8 mm and four cutting edges. Data Werei{acquired in a state in which the end mill
was formingsg'ﬁ%ﬁll!ﬁ‘?hé:% i?@ersttﬁ%br? e Flowid§ &utting conditions: N = 8000 rpm (Ve =
200 m/min); Vf = 39%% /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, intthe case ek the-eanveatoaalenginmill ip svhich-therckting edges:had na phase
deviation, the amplitude of the waveform of cutting resistance was 251.9 N (Newton). This means that
a cutting foree aisls=oh havarkpiéoemt apetibdaoarespohdigh o aspeiedebtameddmypmottiplying the
rotational speed at the time of cutting by the number of the cutting edges, and resonance occurs at a
frequency cBfrEBpSIRIMYG - thaR périsadvAdréby chRife MRFABrHibn 7S gBAd ¥ 1A particular, during
high-speed cutting, resonance is more Iik&y to Qgeur, and thetma nitude of chatteriﬁgggxsration
increases. AL"SH inFIG. 10, h the case of the convertional end milin which cu Ing edges are

separated upegually. e ampliica e eutiog resisigpce NS Was LB1P Hags shown in FIG.
e

11, in the case of the end mill of the present invention, amplitude of the cutting resistance
waveform wgisik4$. kAl and dieamplitudesofdhe £uling rBsisttnee ddaugfomeoptheendmill of the
present invention was the smallest,
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 ocgcurrence of chipping at the peripheral cutting
edges, which chipping would otherwise occur due to load
during high-speed cutting.
[D04E]

In the case of a conventional carbide end mill with

nicks of this type, an average feed rate for securing an
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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 plTaERIatdRe feEfatee Ferlphbrda Taittig adyesthybdf amo(mioerrelpwrdiag to 5% or less
(excluding 00/@ of thgwaveform pitch, When the end mill of the present invention is used, the amount

of cut by an 2458 SHGhiRPGifBfs AmBhG eath SFRE FsrisHaltutting Bdgdd oihFéeré@ @A vhen
e e G B D e e e
er e

whereby chattering vibration can be suppressed. [01 aason Tor %rmlnlng t?n}élp%ase
deviation araeintseahdeat ibhaconessequal tp ok lessdhar % (psliding 0% sotthe yyaveform pitch
will be described below. In the case where the phase deviation amount is greater than 5%, the

amount of coiting gréawyddifferszamang ke pecpierakeltting edgas.cantbeuiting feagkaopcentrates on
the peripheral cutting edge having the largest phase deviation amount. Accordingly, breakage of the
tool or chipfiRgBi-the g esErdicdiadng eggk sak@s, whervsiethe sereine Jife st end mill

becomes short as a v%hol%(%o 10 Patent Document 1 discloses an example in which cutting was
52 tha 2

performed by-USE of an end il WhAIch \FAS S e i High-Epdad steePind R WRIATHE phase
deviation amewf Wat/RRLIQ aboyt 6%, Ithighspged &ug@hgﬂiﬁgrfggcm%d fg use of an end mill of the
present invention whose base maferial is carbide and in which the phase déviation amount was set to

the same valweaeadibiign thauttingriaad incraasesngne shipRind agaurs aktieswayy peripheral cutting
edge having the largest deviation amount. [0111] In the case where a workpiece formed of a

material haWifg srjsvtArhachihAbility sdfiess cast iron i owthissincase stan end sill whose base
material is high-speed tool steel having a high toughness at a cutting speed of 80 m/min or less, the
workpiece dahHE FHRERMITTTIAGR probiets siekeverih drtazbliharaicbarbile end mill is used
for performingélé%hler-eﬁéci%rr\ﬁy mggrryinjC tré%above- entioned ghase deviation amount of 6% is

excessivelyarge, S fhe broblems of chipping Hracdiare BROBESGr. ThiwaL cBAfim&t ffough an

eXperiment i, an X8R (85, IS ToURAUBI LIl ALPIESERLIASPINIY S here dies and
| a

parts are machined, there is required an end mill which can machine a hardened material having a

hardness greaterdhan A0HHRCr e savatirasstpelrgifayiy kardening treajmeni,Endmillsdfauned of

high-speed tool steel cannot satisfy the above-mentioned need, irrespective of their shapes, because
their servicéllivdsipecornd ekireme/fshozndel/Bhase Inierden tamnakle high-eéigieney imachining or
cutting of a hard material, which is common in such machining sites, the present invention provides a

carbide end-filfin$AHiLR 1P bRdsbite WA HrPhER RkkgeRestdre deifdied Bjftimally and

which is charact riz%il% the phase deviation amount which prevents fracture or chipping during
high-speed cutting t%%%gs% d%%?a?i%ennacrﬁoﬁn 9 s%ﬁ" to 5% JF 1€58  Dedira eﬁ}?th% %of at least

one wavy pgggggmgﬂ%ggg% i%d?ﬁizl“fgdﬂ ﬂﬁldlfglcgg)&q{é@ﬁ {gol axhsttEc:)LrIq the co.rresponding
reference phaSes of the reference peripheral cutting edge by 1% to 3% the wavetorm pitch.
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
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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 thtlplesEREinveRtdorFARK HasdfcRe petipHerai&ting édge S WwMPIddscribed. FIGS. 6
to 8 are develogment figures which show, for comH%?risgn,,the nickvpitch dand Bgastfstﬂenicnl&edk
peripheral cE{iAg 2dled bf & CAMidE SAa il O e’ fredehtinGeRtion and tose ot a-conventional end
mill. FIG. 6 ig aflevelopment 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 pogey@|opment 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 embodimsgntirs whicma phirdf nicked beriphdrahsdttingeeied Pithd adjasetthsdked
peripheral cutting edges has no phase deviation from the respective reference phases with equal
distances whiK 2ié bBRaidet By BRFRAG TRtk Pitch b tie Afitibet 6P the'Cutfifif&dd&E and one
cutting edge s deviated fromdhe comespanding ceference phase, Nolably, I EIGS, 848 8, e
positions of "Intersections betEween thes perlp%era cu?tlng ecilges and nicks are indicate by circular
marks. [0116], 1 Asshanws ikl G- QaiitheasaseRf the goaventionalerd gl @ilirst aigked peripheral
cutting edge, which is illustrated at the top in the drawing, is a reference peripheral cutting edge 10. A
nick pitch 8 s distgneetfiom tie intérsestioAtrdriveanase dainhrck and thereferenceperipheral
cutting edge 10 to the next intersection 20. Each reference phase 14 is obtained by dividing the nick
pitch 8 by foegrareithedembiting peripherht edtting eadds arourdn§ed sd6tHat thetintersections 20
between the corresponding nicks and the second, third, and fourth_nicked peripheral cutting edges 17,
18, and 19 arb 'Rt abdsiwshy BHBRgERNith ST GisRAtb e PdEiente pHaB¥a%5d/4 the pitch of
the referencgoob?é%)ﬁeq:arllé:ugi{] kekdge 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 peripherg)gzHting 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 peripherahcttiag«dgesihithe Las@evhere saalt cittmgredgercuts the workpiece in the
same amount, resonance occurs during machining, as in the case of an equal separation end

of deviation from the respective reference phases of
peripheral cutting edge, wherein the distance of the
reference phase is an amount correspending ko a value
obtained by dividing the pitch of the nicks of the

peripheral cutting edge by the numker of the cutting

are made unegual. &5 a resuli, the end mill of the

edges
present invention can perform cutting operation at speed far
above conventicnal speed. However, since the cutking 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

conkradictory advantages and disadvantages cannot be

27



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 toal axis by a deviation amount 15. The value of the reference phase 14 is obtained by
dividing the ARkPHERS Moty B HRGiFDY HedaHancepetiitan), ke uevidess aiteemts 15 of
the phases %f tgggﬁggn%gfke% egpge@lsc%tti ggfil%g 17 and the fourth_nicke e.r‘igheral cutting
edge 19 are determined stch that the phiase of &t I8aS Ine RIFER haAbReral &5tiRg 2HGE is deviated
in the direction of the;tpph 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.Whshowsian exgmple earbiftererdintillofthe presemdnventionaonéigdared such that
the nick pitch 8 of the reference peripheral cutting edge 10 is 1 mm. In such a case, the deviation
amount 15 kA4 phasd betHelsdeed drariplisaripheral kuiting edyprs7 fonvthdicoyrespohting
reference phase 14 of the reference peripheral cutting edge is 0.02 mm (2% the nick pitch 8), the

deviation arROUH % o tHE PRESE D! tHMRir Rk SHphers cilirdhdddge 6 &BRTamong
correspondi fe A , deviation a nt 15 of the phase of the fourth
nicked perip%ge%a cﬂ?ﬁ%}gﬁgﬁ%‘gﬁgﬁrﬂn c%%%ﬁdﬁ%%?e’re%%ﬁ%%g 2345 567 m‘ﬁwh‘(:i% the nick
pitch 8), The, dewiatiplamaut L3 iydeflingtbasa Arsitive Majue when dhe phasg.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 oEawather end dhils pithe iprasentrinventiohisfrpwiniad-Ge Sotlesintarseation 20 of a
certain nick and the second nicked peripheral cutting edge 17 disposed next to the reference
peripheral ctiftimedtg e~ I istiAdred Yioas el 6o responai gsrermrenss piase Themefremaviation
amount 15, and the Ega%es of the a(iﬁcent third nicked peripheral cutting edge 18 and the fourth
Gt Sd§E Po e ol GESHRRE TS Thé EolrBS RS PferbmteBhiSSs 14,

nicked peripih Tal el

01211 leEiGA. g devialiop anaus dp of dhe phiases, ot the plckad periplierdl autting edges.
other than the reference peripheral cutting edge 10, from the respective reterence p'f]ases 4-are
determined sueb ikt thadeviation aapiny 15 0f the.phase,ekatleastanggickegypgripheral cutting
edge from the corresponding reference phase 14 is 5% or less (excluding 0%) of the nick pitch 8 of
the reference peripBé&aktutting 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 SifS iR IseriphBal ket Rpshadanhemhansd HevifioRken®rrasnwhen the
number of the cutting edges is an odd nuraber, bl\é rg%ans of makin the€hase deviation amount 15 of
s

mi catlingedgR tiff&reht foith ?lire HMTANME DRt tammbSHgRE, the

only one perlgﬁgPaF

end mill can suppIessshaitering ybratign. gan Ee%”&é}gé%@g?@syQg%i“ig%éhfgg%ﬁnégh speed

cutting, and can have an extended service life. The reason for configuridg the carbide €énd mill of

the presentdiveniiphdiaving nicked petipharakeutting @dges anelthatdha deyiatien aggynt 15 of the
phase of each peripheral cutting edge becomes equal to or less than 5% (excluding 0%) of the nick
pitch 8 will bd disséribed. HlBwt tn theltide witere1he phase deviation amornd is qieaterdban 5%, the
amount of cutting greatly differs among the peripheral cutting edges, and cutting load concentrates on
the peripheﬂl%ﬁ%’tm@lé{?gerﬁ’é\ﬂﬁﬁ’%éjl‘%dé‘é?%h%e Rciatibh @k ount 1aécordinglyt Bitekage of the
tool or chipping of the nicked peripheral cutting edge accurs, wherelyy the service life of the end mill
becomes sf%gr%ag %ld\%ﬁgle?gr&g%ﬁ?yt, e pﬁ'gsetogiEE e&&%’ﬁnaﬁé‘a*b%ﬁﬂﬁers%ﬂﬂﬁ& eBgéE - 88viated in

the directiop pf fig-tpoh axig framm the-preppanging-reference phasg 14pyL% to 3% thespick pitch 8.
[0054]

Nexkt, the gash shape in the present invention and its
effect will be described.

[0055]

Nicked peripheral cutting edges or wavy peripheral

28



[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 nickedetbida enddsil of the prégbnisipeenticrrwillineadeserided itogethet wviththe nick shape
of a conventional end mill, for comparison with reference to FIGS. 14 to 22. FIG, 14 is an overall

schematic VR&¥ PR Ak darbidBentdan shetwildgné 2pibbdim&mritd brétentitfention. As
shown in FIG, 14, the end mill af the present invention has an end mill ich ha diameter
D and whict E&S 5 Mol ot B G ELt e nma s e et ¢ ¥t oreaking
chips are prQ}ﬁiQGH@’yQE quiercircupderense of the ead mi bady-ahptedetesrunedidervals from the
tool end side 2 toward the shank side 3. [0124] The detailed cross-sectional shape of the nicks 34 of
the nicked aathlidle endringl aftbhe piesemidvenlion mill bh«leserizadwith neferenicerto FIGS. 15 to 17.
The detailed cross-sectional shape of the nicks 34 of a conventional nicked end mill will he described
with referende®d Fab3y184¢ 2. FIerab igafterfinmed cfbdsbedtpnalAaswot alsiéRed BEiipheral

cutting edge of FIG. 14, taken algng line B-B', that is taken along_.a cutting plane parallel to a line
representing ARPREIFTENGE of thebénd ﬁmﬁxf&ilhé%%e‘?/\ﬁ%rg?ﬁe B&Y&fgﬁdeéjf%a%h rﬁ(r:kdzroove is
connected {2, {opl-shaniside ypundad poroR iga staldli portion (Qes : on Hpce gach
peripheral cﬁ%ﬂg ec?ge (‘)‘!P:t%e en% mill has a&predetermined helix angleolé‘?thelgle' Cross section is a
cross sectiogf nigksiand.a peripharahcytting edge takanalopa Aicusting: plang paraliel éa line
representing the helix angle of the end mill. Notably, in FIGS_ 15 to 17, which show an example end
mill of the preiskht inventien pad FHGSr ¥8 and#HES. 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 €88 hikk 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 pregsented by R2. Hatching in each of FIGS. 15 to
_22 ind.icates a crogﬁ?e%’;i&ﬁ of Tﬁ%%ﬁ%%ill? 2%f ﬁ%thé%icﬁ?ecg crz'élréifljeoegndgrlr%ﬁ/ Stihe ep?élczsent
invention, egeldiek 34 i,Gant such hat £a¢h pickiarpave 39 sscnecied i the

corresponding peripheral cutting edge 1 via the tool-end-side rounded portion 35 having the radius R1
of curvaturepand fhesteglskancsidg redrsies, partion 36havingribedadiusid of-elyvaire ithe
curvature radius R1 of the tool-end-side rounded portion of each nick is rendered smaller than the
curvature rastias R210f thetool-shenlEsiteaeinded poltiohtofrachsioke Furthettoreg pfefesbly, a
bottom portion 37 of each nick groove 39 has a concave shape, and is connected, at a bottom end 38
of the nick Gt6ot&39efhEHESIIMANRAIES radebforiGT driVRtrthe CuRE e BEIRSR2) via a

straight portjon %rgaoponvex c%(rve. @%querc—lﬂthe c?:'%ked carbide enchmlll of tne resent invention,

the bottom &Ad 1 eheh nic ’grBovel Rortected tothe toolShank-side rdunded Epo‘arlt]:oﬁﬁ 36 by one

of three mefhods, a5 shewndn H@ES L5 R.L7.1!ndhe serresapiatiymsxampleraliaady described with

reference to FIG. 15, the bottom end of éach nick groove is connected to the tool-shank-side rounded
portion via a stfaigbh pertigszr irdeexampletshiong eddé, 1ohtwediaitonhend Df eaakaickroove is
connected to the tool-shank-side rounded portion via a curve portion convexed toward the nick
groove. In drhexarsfleshoosn inlFAGe 11 stharbcivpveid ofsasEReRgroavetie conhadied to the

tool-shank-side rounded portion via a combination of curve portion convexed toward the nick groove
mujasﬂa@%?EeﬁRﬁg by dividing the pitch of the nicks of the reference

peripheral cutting edge by the number of the cutting edges.
[0057]
The shape of gashes suitable for the end mill of the
present invention will be described with reference to FIGS.
12 and 12. Each of gashes provided for end cutting edges in

the present invention is composed of a plurality of
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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 botfIkF EAG B9 of eaeh nick grbbod agd sbnmattda vl & shdpaselenmdiirsta sedightportion
40, a curve§ortion 41 convexed toward the nick groove, and the convex curve partion 41 combined

with the str&iGATEETESA 46 "EincBIh& Hibrdved Hié& b catbBE SN AR &Y htr&Sedsstrength,
stable cutting g he pedrmagd vithau! catising,chipging Jutfer o lhe Opimizing of e phase
deviation amount, at a cutting speed 1.5 times or more, as compared with the case where a
conventionalsnd raiis used {Ad2%nd ris1I00MBd@davithhigh-spesd teakstgelhaying a relatively
high toughness, which is used for cutting tools, carbide, which is the base material of the carbide end
mill of the prezEent dm@ntion tibdritiker Theeefare, mithe caSetkererrdugh Machihingiis performed by
use of the carbide end mill of the present invention at a cutting speed L5 times or more the
convention &t $hee d B ptiiZBHEReH tREHHESEd &Vi SIS 8ABENE WHidPTs (Rrthecessary for end

mills formed of high-speed tQql steel, becomes necessary. In addjtion, in order to stably perform
high-speed%rre];_'c %ﬁﬁgf\}fv ichchR r"fr'elzsa?}zesd1 %r%ﬁ@wsgétirﬁﬁ tigh%f ﬁ'?ecﬁﬁﬁseqag\ﬂﬂation amount, a

severe shape; design naust beappliedfarthe nick,shape. Jherafore, Jn e presepginygation, as
measures against chipping during high-speed cutting, it is more ‘essential how to connect the bottom
end 38 of eaghi sick grosyesnd tha s00lshgnk-side rosindedmadtian:36uiana straighperign and/or a
curve portion, which is one feature of the present invention, as described above, [0130) Inthe
nicked carbider&admilbbf thetpresentihwentions tegicailly, ahe fanatdre radiistifvef teitodl-end-side
rounded portion of each nick 34 falls within a range of 0,01D to 0.03D OD represents the tool
diameter). @R A EhRRRURBTadRER I RfisRitHIe RS FRRRd v dRegth Y BeE RstmEiéBPortion

connectingglﬂe nick .34 anq,the Eee%kﬁal cutlii]ngdreldg[e 150][1 the tool end side 2 can be inct[[?hased,

whereby chlp[:‘):‘ing'ii £af be prlé'\a/ented ef the cUiatdre radits ﬁ_i'%? 7 55 2hd Sidd rothded
portion is legs than §OHD, 1he, siergth 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 mnigja 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 0281 indlasiraiiys inebdavatirbFadiasiRzief thedoolisHanksidetreunded 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 reptBESHE the It Ul rded)s I FIfE &sde® THEFRR K 12 &itRthetiisigharR &iRPstge 1 is
connected her pr I ereby the rounded portion gn the tool shank side 3 of the nick groove
o e v L T e T B etfcioncy

machining gg-bepgrionyed at éﬁﬁg'&{f@&%-éa&% cagmyhgrasthecurviyre [adis B4 of the
nic

tool-shank-side rounded portion of eac is less than 1.5times the tool diameter D, the
strength is mSuffigidnicalihe gase Wwiesd thaedwatiue ratios fRALTEDe tgol-shapkside rounded
portion of each nick 34 exceeds 2.0 times the tool diameter D, cutting resistance increases. In either
case, chippig is2aj 9o beedhu{F132] L1 rpesigalyy, thexiepus 9%f Bathdicksofzhewickedaarbide end
mill of the present invention falls within a range of 0.01D tq 0.05D. In the case where the depth 9 of

each nick i$ S8 tRdn B PP HESRBA MM ht PR sl ditin G €a5e cAnRBARS thefdsed. In such a
case, the njaqwa%%e%rﬂgﬁ%ggi%%mghg 0r5§ emglr:?wianrtcli'et%g ervc\ékll:%rg ijonal center of

the tool axis of the end mill, and 2 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;
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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 merepopgryhand glgingfredifance deéctehses Aucaddinglyybigh-efficiency
machining can be performed more reliably. [0133] _Notably, the contour shape of three
representati¥e AR Yo RATEEYhdFHkRh 91 F18 8T 55 1§ 2 PMnrErESe T drlitn, each nick
34 must satig_,pﬁitg esse@}iaslgg giggn tré%tcg;ﬁurvaﬂrg radiéjs Rél oé{%%%%ol-lend-side rounded
portion is smaller afi the curvatdre radius RZ of tHe toolshank side rounded p}értion. However, all the
nicks 34 do petnacessaly do Paxe the same cenatweradipsR b pf the-dorkerd-side rounded portion
and the same curvature radius R2 of the tool-shank-side rounded portion. However, since it is
common to geera Prinding istere fartgeindingcthe nicks@rosves 3@esdesithbihallihe nitkg=a4thave
substantially the same dimensions. In this case, when the nicked carbide end mill is manufactured,
the same grivtdrERRRediSHAPE chRsBe tbRveriénthh@sdd tolgihBaIEfRINi8e gftves Bed[0134]
Both the inventions disclosed in Patent Document 3 and Patent Document 4 are characterized by the
shape of nickSRs E&F bEUnteFR56d #8Hh FRIEsA o &RATUAIT U fed 1T TEBR'B2, end mills
(Conventional. Exam Ire B4 to B7) fabricated on the base of the shapes of these inventions, have the
following pro lems. [0135] As shown in FIG, 19, the shape of nicks described in Patent Document
3 is such that the cqmepied 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. Howeven, thissshapseraigesraebighEoblenbasko ceatdd mithlchidpind eesistasesturing
high-efficiency machining. [0136] In particular, in the case where cutting is performed under
conditions férHigm Efffelenty byasbeisiadnieRed eBDYR SRRl wRIChIRE Phas@BlRE MEkd
peripheral cutting edges are deviated from the respective reference phases with equal distances

i]n%d ni]ph%)%?

which are obta Vit HBRRES BiteH S G TR R &dg&’by the number of
the cutting e, Heniglss Uaye eflde PORPNSHh LU ARG R° SHAIP-LAeS as
shown in FIG. 19, which shows the cross-sectional shape of a nick, the possibility of occurrence of
chipping is kigh-ilnithisicase, dererises a:prebleni i hakling-shaped Mawksremain on a machined
surface, and a sufficient surface roughness cannot be obtained. Patent Document 3 describes that the
shape edgeTortonsméy eabinded Hassver sthiseeningist|gsesharsidensf dedndingi thasharp
edge portions within a commonly employed range. As shown in FIG. 20, the edge portion 43 has a
curvature raéil® RESHRMAeBYRARAMRIdedEnded pEHbAh AL BBvAARE &GS FEC The idea of

rounding the sharp edge portions as shown in FIG. 2Q merely produces shapes similar tg the basic
hape ShowriR FTE. THOR5S TeRy R LA S eiEk ShALS Rdcbad h Paton
Document 4..1n the pick shape 5w Elff+2h & coinestion pertiopReiwgen gach Hickand a

corresponding periphéral cutting edge portion has a radius of curvature smaller than that of a concave

circular portipnrfgnaing4hp nirk @eavaiand hevadiysaieurveduredsdade eqiat batyvesiythe tool
end side and the tool shank side. FIG. 22 shows a nick shape which is similar to that shown in
FIG. 21 andowhipk isiglse debcrdivdd imRatedtBaciragnt il Inhiaes aokishapedfFGkE1, the radius of
curvature on the tool shank side is made larger than that on the tool end side.
Chips removed from the end cutting edges at the time of
longitudinal-feed cutting or obligque cutbting can be treated
satisfactorily. The gash porticons are strong enough ko
endure high-speed, lateral or obligque cutting. Further,
chattering vibration can be minimized.

[Q0&0]

The carbide end mill of the present invention has
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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 radRBf AR B thHENGobstrk st 3eand 3e alsorimpderanetoedetémanetthe manner
how to connect the cyrvature to the nick grooves 39. [0139] The present inventor carried studies

on the optiMGMEETSEsIihe ThRETRETaHRR TF oPthe tDBI-&fid STRTYSENRES PBRfFRANd the
%:é’ tQ r%ll%ior% Q]gg/v%en the %ur\éature radius

X ius R2 of | -Sj ded -
curvature radiys Rg.p é‘%‘taoro me%?'e e &o#{ the bottom portion 37 6f Sach nick groove is

R1 and the curvatureé radius R2, and the manner’in whic

connected torthgkeresPeiGing Sl shank-side @WQ@Q@%%@@EH”@fﬂﬁMlﬂﬁrﬁéh%
above-mentioned sizes fall within respective desired ranges. As a result, the present inventors

succeeded frideveloding bifse nickéd cérbitke end el sriieh bas apiustira] performange ddigebtaining a
semi-finishing surface roughness (which cannot be attained by use of a conventional end mill in which
the portion AXickébritieeegachinich grovvetdnthedepresponrdidg edatshhak- shie rounded portion
assumes a mere artial circular, shapﬂ, aE‘d which has a sufficie%glﬁ/ hi%r%l]eghi%@inﬁ_resis nce of the
nick. [0140]'5l OVK desied nicks Eb% of th& Ritkdl cARidE ™ hd rhif™de p EhtMYenfiGitR such
that_the toojj]%h%s@g&ow -B%rtlga goqr&eq%%t%g@i%q{g)ﬂ fnglg)lt_ _%ql_cg r%Ef%%v.e via a
straight portion, a curve portion convexed toward the nick groove, or a combination of the straight
portion andihe £efv@ecunvROrink Tdus shapenntreasesthe siieaglbral the,diskicossidesably. [OM]
In contrast, in each of the conventional end mills shown in FIGS. 21 and 22, each of which shows a
cross sectigrEofusicks: ttAar botomsiortion ot edcts hick hrosvter assunmes. a phitiay ceteal shape, and,
therefore, as viewed in the cross section, the surface of each of the tool-endside rounded portion 35
and the tooRdfari&&aid rEGRa&Ppahtion 3675 CBRARELURE hySFadReaRintta pbint BL FMBAHSH. The
strength of e cih nick_haying such sh%pe is lower than Tft of the end mill of the present invention.

Therefore, fhie Conventional Baamim T which each Rick iaste above-described shape cannot be

said to have a cuttingypgrformance 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 pavdal mds otthe shapei whichreandia alsefundesstand Hont thenearaleof the
present invention are as follows. The curvature radius R1 of the tool-endside rounded portion is
required solas tordetured satisfeetiny eattidgyaripiance fohie: decufingta satisfiastdry strength, and
maintain good surface roughness. Desirably, the curvature radius R/ falls within the range of 0.010 to

0.050 (D: tSUi Efdme @ BhGUR& hatd He¥irgbeFangdico BEpRb feFpceld or hot

working, stainless steel, titanium alloy, or super-heat-
resistant alloy.

[DD62]

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 1s novel enocugh ko enable
high-speed cutting. Therefore, a hard coat is not
necessarily reguired. 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
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[0143) 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 porii&n @f83né eFebiSMhERAGHe BRAIEkEYroove which is taken into consideration as
needed are not exhjbited solely in the nicked carbide end mill. The effect of the shape of nicks groove
is truly produced thr[(gll.?gfﬂgjatisfaction of all the requirements regarding the nick groove, in particular,
additionally through,gptimizatign ofythephasedexaanamauilalipe gicks, whichdnakespessible to
perform cutting at a speed far beyond conventional cutting speed without chipping. [0145] Next,
the nicked carhide,end <l o thespresantiavertian iDwkish dfe phasel deviatioh ahoust isand
nonuniform among the nicked peripheral cutting edges and a conventional nicked carbide end mil/ in
which the nicked penpheraktuttingpdgesiniie hbphape Heviation afduie wilFE&eescribed for
comparison with reference to FIGS. 23 to 25. A nick cross-sectional shape shown in each of FIGS. 23

to 25 shows Ry Ba5d WherB A BaESHAREGdE ToRithetorliBs HESHtindoli& cBRfcRY o tve

bottom end of a cgriregeor&ding nig&%rfggx%ﬁ/?a%ggtg\éex curv%%)oLrlt_iLo ecg0]t406]havé:|§é§§4§a

developmergﬁaﬁ:re ghowinﬁ'?ﬁe pitc € p?llége of peripheral cutting ed of a

conventional picke £arbide gnd ki whish the peuPhewk sUtRg AJOgs have doghase deviation.

FIG. 24 is a development figure showing the pitch of nicks and the phases of peripheral cutting edges
of the nicke@&peidd eAd awill Dhtheepresentinventioin &Gp2edhows sapa oé thefembodiment of the
present onvention. In FIG. 25, a pair of nicked peripheral cutting edges of the adjacent nicked
peripheral catingredijes Hsifirpiaye dasdieRen thedesifetive pRasdsiglmeteftrehce

peripheral cutting edge, and one cutting edge is deviated from the Cfrrespondin gha e. Notably, in
FIGS. 23 to 28K fife-poliiGhs bPMtetEERRINS HEWER A paffititat éhtﬁWgESdgtgg ARPRTERS are

indicated by c{:ircu}:arbrg%rkéag 14:?1 W%nl'%\ﬁ fﬂ"i}["i” th;‘,g% ?2t3a ir},‘m;eaﬁsgho&‘ﬁge fggv%@é]ﬁxl end mill, a

first nicked péarlsp%e%al cutting ed’ge, S illustrate he top in the drawing, Is a reference
peripheral cyting £0085L0- A Bigk PEGRAE is a,distancafrom thedptessection 20xafa:eardain fick with a
certain cutting edge 10 to the next intersection 20 of the next peripheral cutting edge with the next
nick. A referease phase 4 ipebtaiedrhy dividing the midkpdch 8Huydbur Tdememaldiag pesipheral
cutting edges are disposed such that the intersections 20 of the corresponding nicks with the second,
third, and foliatcResrskiphekdigittind BEg&T $7 18 ahiVEn&resudeassiP&ifarranged with the
same distance of the gorreaoonding reference phase 14 (everﬁ/ 1/4 the Eitch of thce{ rsl.‘aearl%nce

peﬂpheﬁﬂcﬁﬁﬁ@QHﬁﬁﬁﬂﬁ h&RIBRFSEH: §61 ainst such oxidatlon an
[0064]

That is, the carbide end mill with hard coat according
to the present invention is charackerized in thakt a hard
coat which can endure high-speed cutting is laminated cn at
leaskt the wawvy peripheral cutting edges or nicked peripheral
cutting edges having a novel shape as described earlier.

(3065]

In the case where the end mill has the above-described
gashes, the hard coat according teo the present invention is
coated on the gash portions. Although removal of hobk chips

during cutting damages carbide, the hard coat of the present
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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 &Ll thE@Ad iR 3F ik PrestAaihtelitith, 28™Hd%n in FIG. 24, the phases of the
second nicked perifzpir@érgutting edge 17 which are disposed adjacent to.the reference peripheral
cutting edge 10, and the tourth nicked peripheral cutting edge 19, are shifted eaqually by a deviation
amount 15 from eagh of the refarencepnhpse ldwhich Malue is gbiained py dividing the pick,pitch 8 by
four. [0150] Specifically, the deviation'amounts 15 from the reference phase 14 of the second
nicked periphevairautiing édge-bh Abdile fouwtichicked petipherabenttingedge dd=reweigrmined
such that the phase of at least one nicked peripheral cutting edge is deviated by an amount
correspondifg 16156 i lessyekdindingd9scofthe niskvsintd withe refdrende pedpheral cutting edge
10 in the direction of the tool axis from the corresponding reference phase 14. The distance of the
reference phase 14 ¥8thined by dividing the waveform pitch 4 by four. [0151] FIG. 24 shows an
example carbide ill o nt, inventi onfigyred such that the nick pjtch,8 of th
epd M faﬂﬁegﬁél%%i g}h%.rlﬁ %rggf JaIE R cadnrdel Sl i 1 BF

. L L
reference peripheral cutfing e uch a case, the deviation amount' € phase of

the second pickeg nesipheral gyiing sgelin fromdha £oresparding sefefanceinhase $4 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 thelwom@spoading sefirencetpiragerks s mmnvand: therd eMiatiomamewdt Hrotthe phase of
the fourth nicked peripheral cutting edge 19 from the corresponding reference phase 14 is 0.02 mm
(2% the nicRPREABY Sthel @Rt SBUNE 1H658WAES hdptshivenvatge ivheh thd phasdris deviated

toward the tool ]?hank sid%& and a r&r_?j&agve value when the phase is deviated toward the tool end
side 2. [0152] 5 T fRHie Thss bt aRE 763l Bt e pRsEAPRTenton SRERE HFERS 25, the phase

of the second,picked pejipheral cutting edge @iEB%%eadn@gyxatﬂﬁg%ﬁ%%e&r&s REEPRRE cuting edge

10 is deviated from the corresponding reference phase 14 edevia amoun ,3nd the

phases of the ediagentthirdyigkespgsipheralswttingedgg, 5B andithe fourth, pickggd pegpheral cutting
edge 19 are not deviated from the corresponding reference phases 14. [0153] The deviation
amounts 13:-okthérphases of theyieked: pegglzarali cutling edges; atbesthaa the yeference
including the above-described innermost layer and ocutermost
layer, and one or more intermediate lavers interposed
therebetween. Desirably, the cutermost layer is5 greater in
cxidation resistance and wear resistance than the innermost
layer.

[00€8]

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 compeosition from the innermost layer or the
cutermost layer. But in the case where the thickness of the

diffusion layer increases and the content ratic of a certain

element in the diffusion layer deviates 50% or more from
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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, accordihgio tHe=spadificatiohs eesoitzstninRatd atyBocuEmeantthallohe ekwiatibn baysiivs 15 of
the phases of the mutually adjacent peripheral cutting edges from the respective reference phases 14
are rendered AffeRdritTHorh OMe ldhotferl fr CERAEE S RRIAG to- HeSFRE B ARGt the Beviation
amount 15 otf the phase o;zonlﬁngne .erig)heral cutting edge from the corresponding reference phase
14 is rendere(}i‘%li &réit from oéeenoflt?le'remaining peripheral cutting edges. [0155] In the case of
an end mill which h ggiggl(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, accordinge9 the preserf iniefiidnse eneoniy pde kindrofodeviatior athauind 15 &rbm the
reference phases 14 is acceptable to suppress chattering vibration to perform high-efficiency
machining thioaigh highespeddgeting cand>Fervie | can be lekendealt Forsst £ 1dpy order to realize
a carbide end mil for hi%h-speed cutting in which the phase deviation.amount is made noq}uniform

n

among the FErShET HaRing ¥ GEEY GrOgRTE detdifiniRg the AR ‘éoa%?v%'ﬂﬁ‘)ﬂtarﬁ“&& is very
mportant. Futhermare, bejh g proper deteyryinayian of e phase laviation,arpgunt and the
i

.. . [ = .
optlmlzatlonséef e cross-sectional shape of the nicks are essential for putting the nicked carbide end

mill into pragtige. [QIS41 1akdhe case of the-caibifle and.mill ofihg presentimentionitowget a larger
removal amount of chips per unit time compared to the amount by use of a conventional end mill, it is
a good avernueyeroptiniizé thengashi shape af the apelduiting ddges. Aveermbddmsent irtwhich the
peripheral cutting edges as shown in FIG. 1 are wavy peripheral cutting edges and gashes are
provided fortaslehde Ut sddes winirgesdibed Withhdfcrende FRRIGS. MAAF255B458] FIG.

12 is an enlarged view of end cutting edges of FIG. 1 and neigg\rﬁ:grinéé)o tions.f;achlggsh of the
carbide end ot e FREBM AFe it dRdnvPRFERS 1 is ¢ ot ATt gash surface 51

(cutting faceegfﬂggrfg%wding end cutting edge), a second gash surface 52 provided on the side
toward the rotational centér of the tool axis of the end mill, and a third gash surface 53 provided on the
peripheral side of thegrnd mill. [0159]

That 1s, 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
cutermost layer of the hard coat is formed of a nitride,
carbonitride, oxynitride, or oxycarbonitride containing Ti
and 5i as main metallic elements.

[0071]

Moreover, in the carbide end mill of the preseant
invention, the innermost layer of the hard coat is formed of
a nitride containing one or more metal elements selected
from ameng Al, Cr, Ti, and Si; the intermediate layer is

formed of a compound containing one or more metal elements
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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 5% =04 851350, camcBthesg@cdAd gsh afigle 37t 40 to 6T henlength 5®oka connection
portion between the second gash surface and the third gash surface is not less than 5% the tool

diameter ID&sTHERed $roRT iR 0bF It CRYs BndBesLthad B8oR thetldl Bfafneter D. The
length 58 of 4 ,¢connection ion refers to the digtance between the center of the rotation axis and the
connection portion o‘?tgﬁqe s?égc%%lg g%%h%ﬁfgggg v?/ffﬁ%el%ir%cgrar%ﬁ surface 5%?1[51%%‘ ith

reference todl@S iliang b3<here hasrheen Wescrbeg the-embedimant in whigh %&%ip‘f@fa'
cutt

cutting edges are wavy peripheral cutting edges, and gashes are provided for the end ng edges.
However, it isgodtl pragtice tmeptimizadite gadkshape of Hi-ent:adutingedgrse eyen jn the carbide
end mill of the present invention whose peripheral cutting edges are nicked peripheral cutting edges
as shown inFIG7A4. Bven in such a case, preferably, the carbide end mill has a gash shape as

shown in FIGS. 12 31;Ji.e., each gash is formed such that the gash is composed of a plurality of
surface; i.e., a first GdasE hES rface (cutting face of the corresponding end cutting edge), a second gash

surface provided ogthe. side . toward the roJ;aElt' h%erét [0 Tf toolfa is of the end mill, and a third
gash surface provided on the beripheranide%?%e engmih a %rs?ga%t%gngl]ées%ESﬁS to 35 is formed

between a crassing perionfkofrthe figst gashrsurface mith-thessecond gash shHfagg.and a plane
perpendicularly intersecting the axis; and a second gash angle 57 of 40 to 60 is formed between a

crossing portiokeSenofithefayegashsurfeocemsth the third Dashsarfaceranditherpiame perpendicularly
intersecting the axis. [0162] By virtue of such a configuration of the gashes, even when

longitudinal Y888 €8t g “Bit&aI-fet dRERERE SR bbfg iRy cliiifg fe5BMSm di kg iselbf tA@ Beripheral

cutting edges %\Qn%gi}via dephases, chigs e removedOEasiI from the end cutting edges at the
inal-fe or o Euttifg STherdrorB HRR L RitmitrdARd Wredettihvention

time of Ionglfu €d cutting or o%ﬁa“L?e
having such-q gash gonfiguration endyre high-spee tting during lateral- feed cutting or oblique
e o s vtrabos. DA Gt Tt HERGAE AJEm2 R set 0 16 10

cutting, and can minimize chatfering vibration. [016
35, the rigidity e Weiniy eh thadeoLrotatian axis cap he secured, and chipgemovability is

improved. In the case

[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 portien. 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 continucus use. Therefore, desirably, the

end mill of the present invention includes a tool-holding

portion and a cutting edge portion which is formed of
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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 cuttivgydeigds inmnke vicitly of shelwoh mtakidiy axis ttaphirdsdeurdd eantxehtdval 8L 8kips to
the grooves on the periphery can be improved. In the case where the length 58 of the connection
portion of thBZEESAE gash surface 52 with the third gash surface 53 as measured from the tool
rotation axis is less t@q%% the tool diameter, the third gash surface 53 is provided to be closer to
the tool rotation axig. herefore, the rigidity of the end cutting edges in the vicinity of the tool rotation
axis decreases, angiftacture becomesinakeikelyineacis At Hre-endieWting €dges dxthendcinity of
the tool rotation axis. [0165] In the case where the length 58 of the connection portion as
measured fiopnl thedbaktotaton axisl isi equat 4 orgreaterthad 0% thectbohdi@imetesd chibs produced
by the end cutting edges are pressed against the second gash surface 52 for a longer time. Therefore,
at the time ofhigHidgedd cdtihg CEHpS StaRRRCHTF the: SecbnEyashisutfAEE % 2> 8K 8 ¥hip- removability
deteriorates. As a result, chip congestion is likely to occur, which may result in fracture of the end
cutting edges. [016% he second gash angle 57 is set to 400 to 600 as a result of studies

performed o he IeMVARNBLACNRRIOHGR 0% 10t °BE HUDGRANES AMBUTEL che

longitudinal-feed cutting and gue cutting. In' the case where the second gash angle 57 is less than
40, chips pressed agaipstithe second gasinaurage 52 aie diffictitig flomualeng thgnthird 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 longituidigal-féed prachining.dhb Yool $s: sarf osnrdstiiy. thenadll surfaceidfls .machined hole,
and, even at the time of oblique cutting, the tool is partially surrounded by the formed wall surface.
Therefore, iFRiFfcIE fordreica ke Fefieve dRDY 16 Wi BakmEesdn&¥ddt - Ttereforebih A Rase

where the second gash angle 57 is less than 40, chips produced by the end_ cutting edges dp not
smoothly fidWMowdtd thE lﬁ%tse%rbrhah% pte?ipﬁg?yl? Fhers yacﬁiBlc (%f;%g Eggorhnég %nogrg‘ fike 5?0 occur.

[0167] - In the case where tha Se6aNd oasl ANGIES T-SX5EaS Bntheyididingip thryicinity of the

tool end decCrease, fracture is apt to occur, even if there is no problem with removing chip because
chip pockets fes e rameoval besamedatgepl wherpy thipsspregrceskby therenthedttiag edges

smoothly flow toward the flutes on the periphery.

novel cutting method in which various types of machining
operations can be performed efficiently by use of a single
end mill without tool exchange, hecause 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]

B cutting method according te the present invention is

characterized by comprising the step of successively

performing at least two types of cutting operations selected
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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 FERPhART FatiiadBRACHS ¢6m BV Bndlstisitoryessl mudibiaghe 3afhe time in

order to efficiently and stably. perform high-speed oblique cutting. If importance is attached to the chip
removabilit)}?l%?el%%‘lz’riﬁi]ﬁﬁ Jo%@fea%@s,‘%ﬁd ﬁ’fotﬁrecaﬁa’ b‘?@ak%b% e mots RBGRGQReur. If

importance i aftached to.thg fpel Ligidi 1@&%@&#& gevaRilty deteriorates, i‘n%l{;:%%%‘?sand

breakage become more likely to occur. The end mill of the présent invention in w hes are
provided focthgeandGittindagden;had acxitingcdga-ghapsgetennineddy fogusing on both of the
chip removability and the rigidity of the end mill. Since chattering vibration can be suppressed by
means of optini&lhcdetermming théwareangement of aicksive tiad wenefoimuofaeperipberial cutting
edges, fracture and breakage are less likely to occur, and stable and high-efficiency oblique cutting
can be perfbftied WReR Ltombehtoridt R4k iLased Rd FBIMERLEIF an§edf B Ead#ill during
oblique cuttin{g&gﬂaboghgo. In cr(l)ntrastaz(\ggen the endcrnillfof the frese[g;[lg]ven ion is ysed, ordinary

oblique cutt?ng car bé perngarr?e(? with ocroé?ggﬁe? of tHe filt gné’lg'.i B] 9L EBE%7 is an overall

schematic iew pf ap.end mijlshowipg ppe.erodiment of heresentjnyenfioncopfigyred such that
a cutting edge portion is detachably attached to a tool-holding portion. A cutting edge portion 29
formed of cqthitte sair ba cletashabihattached tedrtoohholding=peron h30.dhereforea ihgycase
where the cutting edges wear as a result of cutting, only the cutting edge portion 29 is required to be
exchanged ETisLs; ebstiafusedsay be ovestetdAifuily hathe fagseriprofthd2doldolding poitibn 30
may be carbide, which is the same material as the cuttin%ed e portion 29, the tool-holding portion 30
may be fori8doF dildy GeEPSRh ENIEMER GTSRB6 R t%%"éas‘%“fi‘r?arﬁl%&ﬁﬁngf%ist can be
lowered. [OlZ]ﬂl IEIS;.aZ8 ﬁljpogv&, for com arison, a flowch%rté)fgnprgﬁess in Whiﬁggggraving IS

performed f)nylusé ofa convé; iohal &nd mill an aécfﬁ)vfclﬁ%}rtl of a process T \%‘/ﬁi%ﬁpengravmg IS

performed e gf-a d mi 2qrging fo sentinvention. | gh ase wh -pocket is
engraved b%ﬁéacgon%%n%gr?al [grglléutr?lggfif#st aﬁho%eirg‘grr%%% %yg&%;& riﬁL.%AﬂZ:ré%Ihgﬁr?é%ccl)rill is
replaced wiffoanendeiltarengh teclexchangeandithe formeed soletisextended hyause of the and
mill. In the case where the end mill of the present invention having a novel shape is used,
high-efficiefciréliefieatigtirg carr BEpooAsh WwHIS TRtk abgie i8 sel #m20 or greater. Therefore,
the pocket can be formed without tool exchange. According to the cutting method of the present
invention, 25 BORIHATb RS8N RIS TagELd Ratih SoBigHE cufling S2 X @R ReetPiting can be
performed by.use of a single and mill. Therefore, the man-hour required for.setup can be reduced,
and the ma%%imzr% pFo%e%%l can e@ gﬁc?r?é%g’ae ér%%ﬁ)r}. ?Ofﬁ“] S51Te %ﬁﬁg%gg %Bleece@pical hard
coats suitaklgdorrysesin the seatac-gnd-milkahtherresentiovention. The enddmill of the-present
invention has a novel shape, and thus the end mill realizes high-speed cutting only by virtue of this
shape, as qehyyaregsvitiethd Dasé aof teniertonakend mills: iHoveevis,. ag slroWR figthie Ex@naples
hereinbelow, coating of the end mill with a hard coat further improves the performance thereof. The
hard coat n¥Bé firiieddl GFa TikvBode frufahe Mgy e Rooich ddetibnsiesistarcea plernagively, the
hard coat m?ﬁ}/ be formed of a TiICN coat, from the viewpoint of wear resistance, However, in

consideration tﬁé‘%ﬂd Wﬁﬁf}‘?‘ﬁ% Eﬂ%s@ﬁttin%gr?t‘?pnt' Bhpidy&dh fﬁ%@mﬁr&ﬁﬁﬁﬁﬁ%haﬁe the
TIAN Cont AP St 0 1 S e N SR Botn T o & et esistnce
(evaluated py @xidatighdmitigtion temapeyrehand Nardnessijoredés are disposed

=uch 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 refaerence phase
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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
performancei6f the eHETHMl captBe Rt HAPHVER. 1721 ue THE RS haliid foriféd of a TiN

film, when priority is given tQ oxidation resistance. Alternatively, the hard coat may be formed of a
TiCN film, whé& pfﬁf)ﬁﬁ/]‘ls Bhvehts Wéé?}?ﬁsi%fén%%jﬁ—é%&e?ﬁn tc%%sfd%%%%ﬁét the end mill of the

present invegion is; erpplpved iy e endrpomentuherg the iempgrapie of aGuiting edge.tip reaches
800C or higher, the hard coat is preferably formed of a TIAIN film, which is superior to the
aforementioped Timer PRA:EMbIN teems f oxidatien sasistace Gyvalusiad byoxidstierdnitiation
temperature) and hardness property. [0175) FIG, 29 shows an example laminate structure of a
hard coat suitabkifoguselgetheilmrdevasteend miltbfthd presentdmvertiohhwhéreid thediard coat
includes an outermost layer and an innermost layer. The lower side of FIG. 29 corresponds to a base
carbide 66, &FPMe s EABREFGHS YAt E WRRTHE RaRP AR iftudifg 3ME1Blbwing two layers: the

innermost layer 62 and the outermogst layer 61. [0176] FIG. 30 shows,an example laminate structure
of a hard co%?%ﬂ aslﬁg]?}oglrltﬂg hatd %%at%rd egneds%illtc%'tﬁéﬁ %‘?els%%t e‘r\%sen |§n,%tlﬁ§ H%]I:g] %Bét 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 corresponttocarbasEcainde@Gand 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 48 the’dutermost 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 afiar a8 & Rs TCh Ridd tREsHNE coMPBRILAS HBDhtétmost layer of the
hard coat and a plurality of films 33 ha]\éiélg the same conip%%ti&n. as the innemgo%t Iﬁe%f‘ircpélt@% hard

coat. [Ol??]cer &3 hbwetan' é)?ampleﬁgrlfljl'r?a & sfrlictire 6f a %a%l ggatlsuitag or use In the

hard coated engrpill of {he Prresenbivention, the akd cerfeing comrased gkagouiermest layer, an

intermediate layer, and an innermost layer. The lower side of FIG. 31 corresponds to a base carbide

66, and the base s&rbide:66 ésredaieaavithaire hard naatkedugingipe éollolvieg three dayedsiean

innermost layer 62, an intermediate layer 65, and an outermost layer 61. [0178]
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
cutbking edge by the number of Ehe cutting edges, and the
amount of the deviation in the direction of the kool axis
from each of the corresponding reference phase by an amount
corresponding to 5% or less (excluding 0%} of the piteh,
preferably, an amount corresponding ko 1% to 3% of the pitch.
Therefore, cutting resistance 15 dispersed, and cutting leoad
is stabilized, whereby chattering vibration can be

suppressed.

[0078]
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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 compdlind Heay e Biifide e Rbhmetdlli@BRmdHtoftidiahan hand Al is only
nitrogen), a carbonitride TiA1)ON), or. an oxycarbonitride (e.g.,

on e.d.,.(TIADCN), an oxynitride (e.g.,
(TiAI)CON).ﬁer?éﬁ}%'ﬁeE egeﬂg'cjfr#pfo < b%d&)efle%%véfl’?& H‘Eﬁqg_a‘% "R REREShtaining TiAl

compound_p, [0 % - 5 Thegndimill reglizes more E,ﬁlggeec%g’n% @n_qgaét S rglo(gdltgeg| service life by
providing the hard coat on the surface of a nicked péeripheral cutting edge of the end mi Fsuch that the

hard coat isegempdsite lpyerifoHeed bysapeating eeriing af feastionee withrswbstanfially the same
composition of the innermost layer and substantially the same composition of the outermost layer, or a

composite |&FdreFGndiagRnEareiost ey er sde vatermostimiph @ndlonsudrting mfeyandsijate layers
interposed therebetween, wherein the innermost layer of the hard coat is formed of selecting from a

nitride, carbBRitARE YXEnitRFE SFRUFLRBohRride Bahtathifl TraR@ Al BY ndHif Hid@gic demponents,
and the outer. layer e hard coat contains Si. [0180 More specifically, the hard_coat
%ﬂ% %’P Blf}tu:1 (458 Q wavents m o]‘rs %hﬁ a%%% Bnce'rpgcﬁﬁﬁ%‘r‘?et}ﬁ

o &} . T .
preferably has a structure ormed of a compound containin as mai din the form

of a nitride, saonihdeynide ¥ RuRAPPNEEde phthesernetalic plements, 01811 The

most suitable Si-containing component for the outermost layer of the hard coat is a TiSi-nitride,
preferably aaFiSinitrosle Havingienw Skedatent af % e 30%a-atom (Ticontenttbalaneg)i $he
performance of the nicked carbide end mill of the present invention can be considerably improved by
use of a TiATSPRtrRRCdr AErshetridetrarpad Bleomeheotite 15¥abeatoyn £, @noormAl content:
balance). [0182 A Izz%,eéed coat formed of a TiSi nitride, a TiAISi nitride, or an AICrSi nitride

exhibits mofe & &TRAPGIABiILP SthildFtothE Sid@kEhidhed e, WhekBEchatebd ebat is

laminated tqgleéh rq%%ggggin% ggilms selected from_among films formed of, for example, TiN,
Cr/4, TiAIN, and %IECr , the nicke((?ircarjl':)li_l e Srgleg il %frﬁﬁeaeﬁr%%%ﬁ't" ifvention exnibits improved cutting

performancgol@d83ponding to 1% to 3% of the pitch. This end mill not
only suppresses chattering vibration, but alsoc breaks chips
properly, can stably rotate at high speed, and has an
extended service life.

[007%]

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 togl-shank-
side round portion via a portion having a novel shape has a
higher chipping resistance. Accordingly, stable machining
can be performed without occcurrence of fracture or chipping.
Therefore, according to the present invention, there can be

provided a nicked carbide end mill which can perform high-

10



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 hare Edatissneompositshlayectoimad hyaegebtirghcedifcdtdeast onegwithisudtantially the
same composition of the innermost layer and substantially the same compasition of the outermost

layer, or a cBATHobRA My r i@ BhIRNSRFEEE | St Bute?MEst V&R afg Brfe drhbre
intermediale. oyt I1qrppged tharcpetysen. ywhefein e nelmoshiayer olihpifar flog s formed of
a nitride containing-one of more Mataf elenents Sé ec%dpfrom among AE’[ Cr, Ti, and’Si; the
intermediatq |ayer, &feﬂn%mﬁmwdﬁpp@iﬁwggﬁe&mgfﬁ:@% elgpentssatgeted 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-har dreahl d&forined-of lkagmsap aunckeonrtainingnareh ahmdres mefaleiements
selected from among Ti and Si, and one or more elements selected from among N, S, C, and B.
(0185] Frcsuehdd ogdey prefenaitiipihe Prird sbatisagia ah Bedcttse MRANFRICAThe outermost layer
formed of a nitrogen-containing TiSi compound is stacked on a coat formed of any of the
aforementio?féﬁ‘%ﬁl‘?&@elﬂcmﬂ?ﬂﬁba?iﬁ‘dﬁ 'ofinds, or a coat structure in which one or more layers
formed of a nitroge @H ining TiAl compound and one or more layers formed of a
nitrogen-containingpﬁll | compound are stacked alternately so that a layer formed of a
hitrogen-containings kAl Seapound is peovided disactlyon thedbasecashide pi thmendn)ill and a layer
formed of a nitrogen-containing TiSi compound serves as the outermost layer of the hard coat. (0186]
The aforementicniat nittge necortdinmgthiSneampéu e nialdse & Todgomntiaohtaining Ti and Si as
main components; for example, a nitride (e.g., TiSiN), a carbonitride (e.g., (TiSi)CN), an oxynitride
(e.g., (TiSi)@NY ssthetokfatbdrirkiehe ki (TS FOON Hereififiére et c neldsnay be
collectively referred to as "nitrogen-containing TiSi.compound,’ Elég%ﬁ An intermediate Iaeyer may
| compo

be providedBetlveBH tﬁéi‘aForgf?‘%ﬁﬁE?ﬁ'ed" Rt gen CoRtaMhg T GRSt Angthe

nivogen-conginiio 15l comeaynd I g InpioveAdNSslon e dhgscsppts e lgiermediate

layer is prefera oat formed of a compound similar to the nitrogen-containing TiAl compound, or
a coat formegh of 3 cempeundrsiailaniernha AltrpgeinGaniaiBING ST epppeuRdriheciosner
intermediate layer coat is preferably formed of a nitrogen-containing TiAl compound containing a small
amount of B: ISip@, b, sl Hfsapdielatdr mdmddiate fayer qpat Bpnmsferaslydorined of a
nitrogen-containing TiSi compound containing a small amount of B, Al, Cr, Nb, V, or Hf. [0188]

The hard caRRAHGFE Finithe HrESSH MU REEA PEBIRE BforERRhiidRsY )EPYRlcture: i.e., the hard

coat is formed of a composi;j(:s layer of an Qutermost layer and an jtr}j[llgrrrqgstﬁyq&rhwhigh ti_}sfstacked
directly on (RERUAYEEBF t{eFhdd cABIR o5 ripﬁ%glecu?ﬁng &dge, 67 he h3rd &Gat 7 formed of a

composite Igyer NGyging.An RERMeS!Iaars AR olRIOSL RYEANonRer paie gliypgely stacked

layers or an intermedlaté layer interposed betwéen the innermost and outermost layers, wherein the
outermost layas exhipitsyddation resistance and wear resistance higher than those of the innermost

layer. [0189]
[D081]

An end mill hawving 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 togl axisz. In particular, the hard
coat applied to the peripheral cutting edges enables stable

high-efficiency machining.
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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 f6FAE bf titanium-rich Ti"All-xIq (i.e., 0.5 < x1), and the outermost layer is formed

of aluminum-rich TLAIl mN (i.e.., 0 x C 0.5). [019;% In the multi-layer hard coat, a composite layer
including the innermBSt IS9P AR tHeRSitBrdst My drtotRiARKAEs s BESBat RN BIML s 16 several

tens of nanqmaleey My ke pefiadizally giacked; qrannisimiectals layer faymed oL Tikor a
ni [ ( allic r

: £ :
nitrogen-containing TiAl compound (wherein a portion of me or 115 Substitite 1b%/ECZr or Si)

may be provided peteserdherrermoss layes gAd the adterast @é(ﬁr-HQ@QYé:"@%n?e innermost
layer must be formed of titanium-rich TiA1iN, and the outermost layer must be formed of
aluminum-rigk TVAliN: | by .cakkathlestotal thighnessaf the Baftbeaat is preferablyhz Am to 10 pm.
[0192] Next will be described methods for coating the nicked carbide end mill of the present
invention wiiPBphRd EdRn baftheResddisnichtioh i het naked tehapselow-ddweribed toating

methods. Nagarqicular IinH'tation iS imposted.on the cqatirg'émethod employed, so long as the

aforementiohed hard eat ¢arPhé& BrodiiteaROwWETE!: HrétRFHudiit fHBn SBRERSReration
adhesion oféhg@ggj__ggqit tg the nicked c%biq%lgggﬁgﬂlﬁ%q,%g urgglgf?o%%rg?iching between layers

(including the innermostlayer and the outermost layer) in the hard coat. In consideration of

the fatigue sirengilr ehadod ftihere ischreteraklyamplayed ashysicah¥apaiepesitiondechiigue (e.g.,
arc discharge ion plating or sputtering) which realizes coating at a relatively low temperature and
attains residuial Somprdssivessthesghintpeedatc it suchua casé, ks velfdge-is appliet ¢o Hwa-dicked
carbide end mill. [0194] Specifically, arc discharge ion plating is carried out as follows. When the

innermost 1575 s Tl REEUSR BF atiitkogdr-EonRih e coRbTRAINE. g S(TRAIN,

high-speed cutting.

[0DE3]

Spacifically, 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
cutbing 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.

[0CB4]

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 inventicn.
When the hard ceat covers not only these novel periphsral
cutting edges but alsc all the gash portions which satisfy

the above-described condition for the gashes shape, damage
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(TIAICN, or (TIAICr)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 outermass iayerfeatdhels #dedgces={y9a]l o Wbad fhe inasrmestdapeefthedatshcoat has a
composition different from that of the outermost layer of the coat, each of the vapor deposition targets
having diffefdit conpadskidhs RS sitplasex itthe-case of formation of an intermediate layer, the
coating is preferablﬁqcarried out by simultaneously using the targets having different compositions.
Thus, the intermedi Lr of the hard coat can be provided so as to have an intermediate

composition betweﬁpL Eﬁ% Eowpositior]}%gfdglegnge%nqslt I%yEt_-:-r an E"[E% Qytermast ef}[iaé}gtthe
amount of a specific componen of the intermediate iLayer IS readily increased or decreased in a

gradual mappgfe[0196bngethesearbide-end mill akthedqmpsant dnventignds kierdac: todeesused for
high-performance and high-speed rough machining or semi-finishing machining. Therefore, the hard
coat exhibitikgadaoillddhBsion=d essehtial forgprexentegrduddenasaccidents (8¢g o Codtrpesling® In
order to achieve such a purpose, the aforementioned control method of intermediate compaosition is
effective forigttapditg LaffieRpt lttteinatdinFBéiwded ifEIRBdidRe RerE (619798 TR Aost

preferred embodiment of the_present inyentign, there is employed the end mill af the present
invention in TG Hb 1o G EFrEhePal hing bR S Bbfhized 0 AHa FRasS debiation

amounts of wayy peripheral cuttigg edges ot nicked neripheral qutting edges age nohUNiANTL

Particularly when chip removal is likely to cause problems, the aforementioned gash-shape carbide
end mill is preferabis empleyed. Immest euwlting cendiions:pphcatipn.ef theaierementioned dard

coat is preferred. [Examples] [0198] The present invention will next he described in more detail by
way of examples iwhickdealdamst behdaristinad as liitigy termyestidn tfrereto.

[00B&]

Since the nicked carbide end mill of the present
invention is configured such that the phases of the nicked
paripheral cutting edges are shifted from one another,
chattering vibration can be suppressed without causing
fracture or chipping. Accordingly, the prasent invention
can perform high-efficiency rough machining or high-
efficiency semi-finishing machining at a feed rate of 1000
mm/min ¢r 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 warious types of machining
such as longitudinal-feed cutting, lateral-feed cutting, and

oblique cutting. Therefore, the carbide end mill of the

present inwvention can perform varicus types of machining
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[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 optimahdurface,tréatorentfoyhike pfasent mventiom ishconfivhred i(EgamplésiBhto D6); and
Example E] Example in which the cutting method of the present invention is confirmed (Example El).
[0200] mithe P aRfies SHdwH below @ biaiid d8sbriphiBAs Uariiies oFRaeR group are
classified into I:erention Exgmgles, Conventicinal Examlples, a@.(&omparative Examples. Samples in
Invention EXAMpRICoRvshtiohal ERZFpfes, SPEortarafive Exdfiples of each of the four groups
are represented byEwgeﬁ pumbers. 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 Examplesdleparticulally ythe0pfiniad anreunt of Beviatien af wavy pesghenabcutting edges
from the respective reference phases was determined. In Invention Example Al, an end mill having the

following waxseserigheraltemirigrad geswas pfodueeda Spetificalima firdt Waheperdphizeaiccutting
edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)

peripheral GHiig-8Gge\wEE GRAAEHTHR (e FASHRIRE idterBhiEhnELbL bR thedRfsEndS

peripheral edge, wherein the distance.of the reference, phase were pbtained by equally quartering the
Waveform REERG e FEFEre6C parishareT cifing 25 Iioa SEESH Wavy peHEREArS00Rg edge, the

phase deviglion apeuntnas adiugiediiogl Seigibs wavelon piehhde. <H MMy, 185 third wavy

peripheral cutting edge, the phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0
mm). In a felirkewavypergharakcutting edge sthewtitase deviaiitohamsayiwassaajgsted to 1% of the
waveform pitch (i_e., 0.01 mm). [0202]
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.
[00B9]
The carbide end mill of the present invention can be
manufactured in the same manner as ordinary end mills,
becanse the cutting edges are not separated unegually.
Therefore, the carbide end mill of the present invention can
be easily manufactured at lowser cost. Furthermore, singe
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 Cuttingf

[0020]
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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 periphéthEciitting edge 2the phbséd deviatisa bindourm Watradjustegnd 298 8Fteivaveform

pitch (i.e., 0.02 mm). [0203] . . In Invention Example A3, an end mill having the following wavy
peripheral cG@Ag REHES WasHrBRuESE ‘SpeechIV A AsPwRdy befipAeral dfting aGe %\fas

considered g (cfgfence neribheia| ouing edge. and s emaiing (seaand to foupth) peripheral

cutting edges were deviatéd e above-obtained respective reference phases. In a second wavy
peripheral cdifing @dgesthesnhase dewation amoust was agiiisted 1a2%rofiihe wayeferagpitch (i.e.,
0.02 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 3% of
the waveformtgitchl(ze.s 003=ln). tnia dourthmwaly peripkerdl euitirg etgetheghasé aeviation
amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). [0204] In Invention Example
A4, an end il ing‘fhia%l&ﬁﬁ@ﬁr@&%rﬁﬁé?al%&%g%ﬁ&%ﬁé BRotiuEBd ES5e didEi§ Fa first
wavy peripheral cu i$ edfe was considered a reference peripheral cutting edge, and the remaining
(second to fourth) [ie %%% al cutting edges were deviated from the above-obtained respective
reference phases. jp-a second,wauy periphsrakeiiting edos 4thg phase deviation amopnt was
adjusted to 5% of the waveform pitch (i.e., 0.05 mm). In a third wavy peripheral cutting edge, the
phase deviatipammount was adiustedde 3¢hel evavefarnapiteh §.a-H0.03 wamJa wiieyrthavavy
peripheral cutting edge, the phase deviation amount was adjusted to 4% of the waveform pitch (i.e.,
0.04 mm). [@205}t St InTentpsniexariplecds] amaand milliauiag thetfollowindavaerferiphrsdal
cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a
reference péfighkealtditirtg ddige hkRthé feRing (s8eend 16 teurtinperipia aciuitifb ddges were
deviated fromfthg above-obtained re%pq:ctive reference dphas%s. In a se Td wavy E§)e1[2i15—)heral cutting
edge, the pﬁjase éiéaviﬁff)%séarﬂouﬁtn Was aﬁﬁ%teﬂsto%}g of thDerwé\I}ngYmDpltcﬁ?HeE., ko) rﬁﬂﬁ. In a third
wavy periphetg] gylling.4qe1e phase dealion amoughyas aiisiertaefdng aveform pitch
(i.e., 0 mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 0%
of the wavetprapieh .(i.eTHe ¥ 2064 ven IvLomparatira-Exampleadls an eodimil haying the
following wavy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting
edge was considsred sreferenso péripherdi ediling 2dgetand thelrepdhining¥eesorreito¥ourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a

second wavyPerpha ettt et gel thetprh e ideviatftia MBERAkAS Bdf Stetro 598 Bt Hie

' avy.peripheral cutting edge, the phase_deviation amount
#V(Imey’l% ,_El)n f=1=] uBrtﬁ%v&éhGB %Eu.‘r ?{‘la

waveform pjtch (i.e. (1_316 mm). Ip.a third
was adjuste%?{% O@E o erJ\'/rg\P}ef%prﬁ p‘?t% mm). Inafo avy periphera %utting edge, the

phase deviglionamauy was agiisted; 1o, 6% af thiewayetopngiichdise « 0P mepnlg07] In

Conventional Example Al, there was produced an end mill having wavy peripheral cutting edges of

constant phase teyiatian amauwnd, witergingdirpactewawd patipheraFcuiting pdgeshe amount of

deviation from the respective reference phase (i.e., 1/4 of the waveform pitch of the reference
invention, obligue cubtting, such as hele machining, can be
perfarmed eificiently, and, at the time of machining of a
pocket shapa, a number of btool exchange operations and setup

operations can be reduced, whereby the process can be

shortenad, and the machining time can be shortened.

BRIEF DESCRIPTICON OF THE DRAWINGS

[0092]
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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 infebeh WaSetpherFs cidhgredennbd deterfinatfag arekiasde ottt end mill as

described in Patent Document 1. Specifically, a first wavy peripheral cutting edge was considered a
reference p r& cutmPe 4§E a‘ﬁﬁ‘%ﬁg}g\%‘&hiﬁg{ (s%%é)nB & ?@d}ﬁfd—éﬁ%ﬂghﬁ\’%utting edges were

deviated from the %g:oqui c?d égﬁpe‘cgm phages. IR &%eecgngﬁ/&%\g %%Lgé:nfr%'l Eg]:#tq;:ﬁeggge, the

phase deviation amount was adjusted to 6% of the waveform pitch (i.e., a third wavy
peripheral cyiting gsige; Hephasecdaviation anguntiwas Adjsistectol0%of theyswayefogmgpitch (i.e., 0
mm). In a fourth wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of the
waveform pittte el r0.826wmE (2} Ih=azh cftie egddnilis-ofmveatidn ExampleissAl toAR
Comparative Example Al, and Conventional Examples Al and A3, wavy peripheral cutting edges were
formed so a€38Hab& HEBETRLepatdibhtarifigg0269a FIEack dPthelthiudprédUcBdife end mills

of Example Al was sub%cted tola {;Etélﬂgé:efst emplozler:]g a Wor.liﬂ_llece @o&-&(&l‘?d die steel SKD61

having a hardness of F (]Jom. For service life 8vallatior, cutt geﬁgs cttied Ot URAEFthe following

conditions: rotationak gpeeg!: £,000 EQtaianSLin,(CUKing, shees 350 myminl, fesd: mte: L,AG0 mm/min

(0.06 mm of feed per cutting edge), amount of cutting in axial direction: 4 ram, and amount of cutting
in radial directiooh4 ainther evalyationrafdach-andcmilk pegphergk sutting £dges Hherestwane
observed every 5 m cutting. When neither fracture nor chipping occurred in an end mill until 50 in
cutting, the end riill Wasievailsted aslifgobe r placetha Wearwidingofatigendhaiftevasmehsged.
When fracture or chipping was observed in peripheral cutting edges of an end mill before SO in
cutting, cuttfhig WA L¥Pped upon observation of fracture or chipping, and the cutting length was

recorded. The resuitpare shown In Jabie; a2 3P N0 2CRABION ST EHUINGICHOES ana
pitch of the wavy peripheral cutting edges of a carbide end
mill of the present invention.

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
prhase is an amount corresponding to a value obtained by
dividing the waveform pitch by the number of the cutking
edges—and one cutting eddge is deviated from the
corresponding reference phase.

FIG. & 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
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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

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. B is a development figure showing one embodiment
in which a pair of nicked peripheral cutting edges of the
adjacent nicked peripheral cutting =dges has no phase
deviation from the respective reference phase ranged by
equal distance of the reference peripheral cutting edge,
which egqual 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 cubkting edges
are shifted from cone anther by an equal amocunt,

FIG. 10 is a graph showing cutting resistance for a
conventional end mill in which cutting edges are separated
unegqually.

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
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Fourth wavy peripheral cutting edge  Invention Example A 1 Equal separation 0.01 0 0.01 1%

edga.
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' of FIG. 12 schematically showing the shape of a
gash taken along a plane parallel to a firsk gash surface,

FIG. 14 1is an owverall schematic wiew of a nicked
carbide end mill showing one embodiment of the present
invention.

FIG. 15 iz 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 tool-
shank-side rounded portion wia a straight portion.

FIG. 16 is a view corresponding to FIG. 15 for the case
where the bottom end of each nick is5 connected to a tool-
shank-side rounded portion via a curve portion convexed
toward the nick groove.

FIG. 17 iz a view corresponding to FIG, 15 for the case
where the bottom end of each nick is connected to a tool-
shank—-side rounded portion via a strailght portion and a
curve portion convexed toward the nick groowve,

FIG. 18 shows a conventional nicked carbide end mill in
which the bottom end of each nick is connected to a tool-
shank-side rounded portion via a curve portion convexzed

toward the direction opposite the nick groove.
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5D m 0.09 mm Good 2 Equal separation 0.02 0 0.02 2% 50 m 0.07 mm Good 3

FIG. 13 i5 a view showing Che 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 i3 a view corresponding te FIG. 1% and showing
a2 rounded nick shape described in Patenk 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
iz made equal between the tool end side and the tool shank
side.

FIG., 22 1is 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 15 a development figure showing kthe pitch of
nicks and the phase of paripheral cutting edges of a
conventional nicked carbide end mill in which the peripheral
cuktting edges have no phase deviation.

FIG, 24 is a development figure showing the piltch 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
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Equal separation 0.02 0.03 0.02 3% 50 m 0.08 mm Good 4 Equal separation 0.05 0.03 0.04

cubttbting edges has no phase deviation from the respective
refarence phases arrayed in =qual distance which equal

distance is obtained by dividing the nick pitch by the

number of the cutting edges and 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 cutbtting edge of FIG. 1
taken along line A-A' and showing a hard ceoat applied to the
carbide end mill of the present invention, wherein FIG.
26{a) is an enlarged cross—-seckiocnal view of a wavy
paripheral cutting edge, and FIG. 26{(b} is an enlarged
cross-secticnal wiew of a nicked peripheral cutting edge.

FIG. 27 is an overall schematiec view of an end mill
showing one embodiment of the present inventicon 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 conventiconal end
mill and a flowchart of a process in which engraving 1is
performed by use of an end mill according te the present
invention.

FIG. 292 is a view showing an example laminakte structure
of a hard coat suitable for a hard-coat-ceoated end mill of
the present invention, the hard coat being composed of an
putermost layer and an innermost layer.

FIG. 20 is a view showing an example laminate structure

of a hard coat suitable for the hard-coat-coated end mill of
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5% 50 m 0.12 mm Good 5 Equal separation 0.02 0 0 2% 50 m 0_07 mm Good Comparative

the present inventieon, the hard coat being a composite layer
formed by repeating an operaktion of laminating a first layer
having substantially the same compositicon as the innermost
layer and a second layer having substantially the same
compesition as the outermost layer is repeated atbt least cnce.
FIG. 21 ig a view showing an example laminate structure
of a hard coat suitahle 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 CARRYTHG OUT THE THNVENTION

[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 reguired. Howewvar, desirably, hard coat is
provided in order to improve performances. FIG. 1 is an
prerall schematic view of a carbide end mill showing cne
embodiment of the present invention. FIG. 1 shows an example
carbhide end mill which has a toel diameter D and has flutes
16 for chip removal and four peripheral cutting edges 1 on
the periphery therecf. The peripheral cutting edges ars
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
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Example A 1 Equal separation 0.06 D 0.06 6% 30 m - Chipping Conventional Example A 1 Equal
separation

cutting edges 1is 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
pockebts for chip remowvwal a little larger. In the case where
he end mill is used to cuk hard material, the number of the
cutting edges can be increased up to eight so as to cope
with high feed rates.

[0024]

FIGS. 2{a} and 2{b} are enlarged cross-secticonal views
of a peripheral cutting edge taken along line A-A' of FIG. 1.
FIG. 2{a} 1s 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
T 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 & nick {depth i35 dencoted by 9} and which is
repeated abt a nick pitch 8, which is the interval aof
intersections 20 between the peripheral cutting edge and
nicks. Thus, the nicked peripheral cukting edge can break
chips to thereby reduce cutting resistance.

[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
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000 0% 20m - Fracture 2 Unequal separation 0 0 0 0% 40 m

described for comparison with reference teo FIGS. 3 to 5.
FIG. 3 iz a development figure showing the phases and pitch
of the wavy peripheral cutting edges of & 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 cuttbting 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 phases——which are
shifted from one ancother by an amount corresponding to a
value obtained by dividing the waveform pitech by the number
of the cutting edges——and one cutting edge is deviated
from the corresponding reference phase. Notably, in FIGS. 2
to 5, the positions of crest portions of the waveform are
indicated by circular marks.

[009%&]

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 porticon 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
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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 ph%ie was large, and thus a large cutting load was applied to a wavy peripheral cutting

edge with lafg&pREEEradVi&tIoh dl oty RS iRyinfRetrrefca Bf ERippRigadsbreach cutting. In the
e o oeierehEa BRI 1P eI PIERER HER PR A L N Rl 20g S
are disposed such that crest peortions 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 1/4 the pitch of the reference
peripheral cutting edge 10) therebetween.

[00587]

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 pricr art sectieon.
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 egqually by a deviation amount 15 from

each of the reference phase 14 wherein the distance of esach
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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 temparisontoissttihg perforpianicessbtwEed e Aickad peepMéra EGtEifg edge and a
wavy peripheral cutting edge. In Invention Example AG, an end mill having the following_nicked

peripheral citihg 2dfeBWakIroducBl cEhdcHichy Ya fildthidediserbARr A Ra AT dy® Was
considered %ltleferen e Iperi herap1 cuttingle,pggfagﬁ éhgqé ai &gi E%%qttocﬁ%g%gegg%eégl
Ve edfe te fhie re erenc?ghﬁ iphefa

cutting edges Were deviated from the respective re ses of the reference petipheral cutting
edge, wherein fhe-disiance f dhe-Eeferease £Lhase i RB AFI0UNL O RZPRNERI tpa vakie obtained by
equally quartering the nick pitch of the reference peripheral cutting edge. In a second nicked
peripheral cdtfing adiesthesphasetdevtatidneambast=fran the raferericepimseavgs 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 reféreréephase wastdditste & 49696 6f HERick FitbH[E e2™D AN UMCa fourth nicked
peripheral cutting edge, the phase deviation.amount from the referepce phase was adjusted to 1% of
tho ick pit-RAFES ORI ALS O EERIOS EAMIE RO ofd i hab TG e tBlowing
nicked perighegalgufing:edges wasRiadiced hqglicalys @ I pidgaagiphet) iitigedge was
considered a reference peripheral cutting edge, and the remaining (second fo fourth) peripheral
cutting edgesiwarerdayiated fioma thesahoverakiainegespectiveretesphsel Phgses 18 Besraond
nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). Imhdkied bickedperighertah noting £dgke theegieasendayigitonsem ddntokas: agjestdeito 0% of
the nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 99¢"¢fthEHidOFItHRWL Frimoziafh 4 1®hvERNSN Example A8, an end mill having the
following nicked peéiévgglrﬁ cutting edges was produced. Specifically, a first nicked peripheral cutting
edge was consider eference peripheral cutting edge, and the remaining (second to fourth)

peripheral cutting eglges yereydevialed fomite abeverabtained jespesiive refefence phases. In a

second nicked peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick
pitch (i.e., OfPeman t Iniathirnisked:pesipheral @itting edge, thaphase deviatied amOUNL e
adjusted to 3% of the nick pitch0.03 mm). In a fourth nicked peripheral cutting edge, the phase
deviation arowft was:adjafeuen @9 pethiEhick plcleliet 002 esak (0215 1 mwirARdtion
Example A5, an end mill having the following nicked peripheral cutting edges was produced.

Specifically, t first RickEE HeripRBrF utifi B3 gRRa B5bidered LY hfErBAcd pBRpifdral cutting edge,

and the remaining (second g fouth) peripheral cutting dgES WEIR . o the wavy

peripheral cutting sdge. In such a case, the deviation
amount 15 of the phase of the second wavy peripheral cutting
adge 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
correspending reference phase is 0 mm, and the deviation
amount 15 of the phase of the fourth wavy peripheral cutkbing
edge 13 from the corresponding reference phase is 0,02 mm
{2% the waveform pitch 4}. The deviation amount 15 assumes

a pesitive value when the phase is deviated toward the shank
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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 &¥&ferehcedsetipherd Euttirare diel wadvhe fieamimi st ohd teleotiren 9@ripheral
cutting edges were deviated from the above-ohtained respective reference phases. In a second
nicked periphFa Cltting e dde? the& Brase #8vidtion amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm). In a thir @ifggq 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 nigkepitchdbes MLl Tbnd WiQamparative Expawde A2, an end mill
having the following nicked peripheral cutting edges was produced. Specifically, a first nicked
peripheral cuttingrsdijerwas cemsiderebilGreférenpe plesphéral battinh etk ep and ke semainring
(second to fourth) peripheral cutting edges were deviated from the above-obtained respective

reference pHA3BS. Fed Seb6Fd hicked pefiphaedtutlihg SbFRefrpmaetddatiditamount was

adjusted to 6%_of the nick pitch (i.e., 0,06 mm), In a third ng%fed eripheral cuttipg edge, the phase
Geviation st SRR BRI bt B BN 6% 1 iy s SO kel pelBheral

cutting edge, Jbs-phaskmdewgtion amaunt wasadiysted Q. A% ofdhe Ngkpitcl{i6,,{0.G& mm). [0218]

In Conventional Example A4, an end mill having nicked peripheral cutting edges of constant phase

deviation araadntitias pieslteed orhened, dikigack nicked Pedphars) cChtingraoges thesam euriof

deviation from the reference phase (i.e., 1/4 of the nick pitch of the reference peripheral cutting edge)

was adjustegtgDod2 anth CosvemtionbhExavpleDhS, thbrrwas prdaduiced @tgsd il Rawing nicked

peripheral cutting edges of constant Ehase deviation amount with different separation angles (i.e., 95,
[

85, 95, and886), ITeraincth E&AMnitREd FeRPRERPEGHRYG cBEE SHeiRod ot HelthtiBh from the

reference ph se%e 1/4 of the nick itch%ltther ference peripheral cutting edge) was adjusted to
0%. [0219] t%eln gn%%%ﬂgﬁalp@xaa%aéA Hﬁe?jeeﬁ \?vég%%(%uc%aoé']nngﬁd En]#ll %digw F&ﬁ the amount of

deviation fryp fhe Lefgrence phasedn sach Rirkederipham! sytting:adge wasideterminggs ,as in the

case of the end mill as described in Patent Document 1. Specifically, a first nicked p'eripheral cutting
edge was cehsidereltkn eiEenea peripheabruting asger and thelggmaininga(second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second nickdsarptieiacditiiradfhane bhasalduviatioramuurnnaslddjdsted %o 6% dkthe nick pitch
(i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to

0% of the nitRSFERYHEI0Wirh) I a-RErHFEEBeRerd chittify &dige, TR BR&EE Beviation
amount wag adiySiee i PR o NG9 8 RUEN 1% 398 Y peripheral cutting edge

with that deviation amount 15 from the reference phase 14 is
set to the direction of tool axis. 2As described abowve, 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 unegual from one another. Even in such

a case, chattering vibration can be suppressed, and high-
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[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 deviati6fi amiagnmt ymna-Phasiende datorbempanti@mredtting tength VieghwititteBdaluation

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 bhe 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 te the specifications
described in Patent Document 1, 21l 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 1, ktwo kinds of deviation amcunts 15 from
the reference phases are required. In conkrast, according
ta the present invention, only cne type of deviaticn 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]
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Second nicked peripheral cutting edge Third nicked peripheral cutting edge Fourth nicked peripheral
cutting edge Invention Example A

In the carkbide and mill of the present invention, as
described above, when the positions of the crest peortions of
cach wavy peripheral cutting edge are deviated, the amount
of cutting of a workpiece 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 cutbting
resistance and chattering wvibration 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 wikth 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 amcunt. 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 Lhe case where
cutting operation is performed by use of a carbide end mill
of the present invention. The end mill of Ehe presant
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 cobtained by dividing the
pitch of the wave by the number of the cutting edge. The

amcunt of the deviation is 2% the waveform pitch, which
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6 Equal separation 0.01 0 0.01 1% 50 m 0.10 mm Good 7 Equal separadon 0.02 0

falls within a preferred range of the present invention in
Fig.11.

[0106]

I 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 edge=s. Data were
acguired in a state in which the end mill was forming a
groove in the workpieces under the following cukbtking
conditions: N = 8000 rpm {Vc = 200 m/min); ¥ = 2000 mm/min
(fz = 0.0% mmftooth), and axial cutting amount = 8§ mm.
Chattering wvibration was determined Ffrom the amplitude of
the waveform of cutting resistance.

[0107]

as shown in FIG. 9, in the case of the convenktional 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 Ehat 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
cuktking, 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.
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0.02 2% 50 m MS mm Good 8 Equal separation 0.02 0.03 0.02 3% 50 m 0.09 mm Good

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 ¢fF the cutting resistance waveform of the
end mill of the present invention was the smallest.

[0108]

The end mill of the present invention 15 configured
such that the end mill includes a plurality of wavy
peripheral cutkting edges each having alternate crest
portions and trough portions. When a certain peripheral
cutbing edge is considered a reference peripheral cutting
edge with the egually distant reference phases which
distance 1s 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 cuttbting edges is deviated in the
direction of the tool axis from the corresponding reference
rphase of the reference peripheral cutting edges by an amount
corraesponding to 3% 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 ameng =ach of
the peripheral cutting edges. Therefore, even when high-
speed cutting is performed, cutting resistance is dispersed,
and cutting load becomes stable, whereby chattering
vibratiocn can bhe suppressed.

[0109]

The reascn for determining the phase dewviation amount

such that it becomes equal to or less than 5% (excluding 0%}
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9 Equal separation 0.05 0.03 0.04 5% 50 m 0.12 mm Good 10 Equal separation 0.02

of the waveform pitch will ke described below., In the case
where the phase deviation amount is greabter than 5%, bthe
amount of cutting greatly differs among the peripheral
cutting edges, and cuttbting load concentrates on the
paripharal cukting 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.

[0118]

Fatent 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
sat to about 6%. If high-speed cutting is performed by use
of an end mill of the present invention whose base makterial
is carbide and in which the phase deviation amount was set
to the same value, wvariation of cutting load increases, and
chipping occurs at the wavy peripheral cutting =dge having
the largest deviation amount.

[0111]

In the case where a workpliece formed of a material
having a good machinability such asz cast iron is machinad 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
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0 0 2% 50 m 0.08 mm Good Comparative Example A 2 Equal separation 0.06 0 0.06 6% 25 m

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
wall as steel not having hardening treatment. End mills
formed of high-speed tool steel cannot satisfy the above-
mentioned need, irrespective of their shapes, bhecause their
service lives become extremesly short.

[0113]

In order to enable high-efficiency machining or cutting
of 3 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 dewviation ameunt is set to 5% or lesas.
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.

{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 workpilece formed
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- Chipping Conventional Example A 4 Equal separation 0 0 0 0% 15 m - Fracture 5 Unequal

of structural steel, =tructural alloy steel, die steel for
cold or hob working, hot-relled die steel, sktainless steel,
Eitanium alley, or super-heat-resistant alloy. Ewven in such
a case, chattering vibration can be suppressed, breaking of
chips can be performed properly, the end mill of this
inventien can be =stahly 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
haz nicked peripheral cutting edges will be described. FIGS.
& to 8 are development figures which show, for comparison,
the nick pitch and phases of nicked peripheral cutting edges
af a carbide end mill of the present invention and those of
a conventional end mill. FIG. & is a development figure
showing the pitch of nicks and the phase of nicked
peripheral cutting edges of a conventicnal 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. & 1s a develgpment
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 egqual distances which are obtained by
dividing the nick pitch by the number of the cutting edges,
and one cutkting edge is deviated from the corresponding

reference phase. HNotably, in FIGS. 6 to 8, the positions of
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separation 0 0 0 0% 35 m - Chipping 6 Equal separation 0.06 0 0.02 6%

intersections between the peripheral cutting edges and nicks
are Iindicated 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 § iz a distance
from the intersecticon 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 B 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 refarence 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 amocng 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 egual separation end
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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 periphearil tytting jaclgehie., wawy peeiphergbedtting edge igsapericrto nickedigeripheral cutting
edge in terms of cutting of a workpiece such as for hot working die steel. [0223] In the cases of
Comparativé Bxampfer &2 apladdi@hngnalibatiplenet heamblit 8EA&AATGHfrom the reference
phase was large, anﬂ gﬁia large cutting load was applied to a nicked peripheral cutting edge with
large phase deviatid unt, resulting in occurrence of chipping upon 25 m cutting. In the case of

Conventional Example Adpigk gicheswere PIoyded 4t qaiel Wiervale, and s, ghaftasipgabration
I

was increased, and fracture occurred upon 15 in cutting, leading to the end of the service life. In the
case of Conyertionad Example Ahdier, BRequatly-separated anglesisimilantotbesasea of Example
Al, chipping occurred upon 35 m cutting in a nicked peripheral cutting edge with a groove of small
separation angie: §0224) {Ekampte &3)ch difi Bxample Adthendmkavll pithereseant invention was
employed for high-speed cutting, and the service life of the end mill was compared with that of the end

mill tested irFEk&mBR AKGS hEXEMEE R e PP RS |ﬂ%ﬂmxéﬁp|3%_l was prERTRd in
e e M RO e 2 Foarple Ak bt Y o D eIpn S 2 v
Example A13,y¥qs Rrpduged in e same mapner ag it iygniien fxampleAd{ExagplaAl. [0225]
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 B 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 ofi at least one nicked
peripheral cutting edge is dewiated in the direcktion of the
tocl 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 B of the
reference peripheral cutting edge 10 is L 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
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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.iSepar@formar clifing-begesi Phasd tehiaBon anivaintlgwis Phaseateviationldmeuit (010)

Cutting Iength Wear width Second wavy peripheral
he phase of Che third nicked peripheral cutting edge 18

Erom the corresponding reference phase 14 is 0 mm, and the
deviation amount 15 <f 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 18 defined as a positive valvue 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.

[0120]

Iin the case of another end mill of the present
invention shown in FIG. B, 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 piteh B of the reference
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cutting edge Third wavy peripheral cutting edge Fourth wavy peripheral cutting edge Invention
Example A 11 Equal separation 0.02

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
adges, 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 cutbting edges
such that the deviation amount 15 of the phase of each
peripheral cutkling edge becomes equal to or less than 5%
{excluding 0%) of the nick pitch B will be described below.
In the case where the phase deviation amount is greakter than
5%, the amount of cutting greatly differs among the
peripheral cutting edges, and cutting lead concentrates on
the peripheral cutting edge having the largest phase
deviation amount. Accordingly, Dbreakage of the toeol or
chipping of the nicked peripheral cutting edge occurs,
whereby the service life of the end mill becomes short as a
whole. FPreferably, the phase of each nicked peripheral
cutking edge is deviated in the direction of the tool axis
from the corresponding reference phase 14 by 1% to 3% the

nick pitech 8.
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00.02 2% 50 m al mm 12 Equal separation OM2 _ 0.03 0.02 3% 50 m 0.1 mm

[0122]

&5 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
gstructural steel, structural alloy steel, die steel for cold
or hot working, stainless steel, titanium alloy, or super-
heat-resistant alloy. Ewen in such a case, chattering
vibration can be suppressed, breaking of chips can be
performed properly, the end mill can be stably rotated at
high speed, and the end mill can have an extended service
life.

[01232]

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 @. 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 2.

[0124]

The detailed cross-sectional shape of the nicks 34 of
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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, €bpaisbadf grinBikgainta dpsd blodiktibh SvaareFRed ol s el elsevdflgroBiction of
an unequalIy-separ%tFre?dgproduct, rinding of edge rooves re%uires a_long grinding time for adjustment

of separatioft aRge. 1 Sd4itioh: SHESE TAGE nUtnBer Bt portions st be GréurdFor aft&fing uniform
land width, a.lppg rinding; tipe s igaued, tr thig Exampple, particulagly different figes for grinding of

edge grooves were measured. Specifically, there was measured the time required for grinding of one
edge groovenfor peetluaiy fhelandsmilhofjavertion-ExampleiAlH{ExarplesAbor the endmill of
Conventional Example A2 (Example Al) (unequal separation). The results are shown in Table A4.
to 22. FIG. 15 is an enlarged cross-sectional view of a
nicked peripheral cutting edge of FIG. 14, taken along line
BE-B', that is taken along a cutting plane parallel to a line
representing the helix angle of the end mill, for the case
vhere the bottom end of each nick groove is connected to a
tool-shank-side rounded portion via a straight poertion.
[0125]
Since each peripheral cutting edge of the end mill has
a predetermined helix angle 8, the B-B' c¢ross secticon 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. MHotabkly, in FIGS. 15 ko 17,
which show an axample end mill of the presant invenkion and
FIGS. 18 and FIGS. 20 to 22 which show a conventional end
mill, for convenience, the radius of curvature of an
circular porticn {(rounded portion} 35 present on the tocl
end side of each nick is presented by R1, and the radius of
curvabture of an circular portion (rounded portion] 36
present on the shank side of the nick is presented by R2.
Hatching in each of FIG3. 15 to 22 indicates a cross section
of an end mill.
[0126]

In the nicked carbide end mill of the present inventiomn,
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Sample No. Separation of cutting edges Phase deviation amount (mm) Phase deviation amount (%)
Grinding time Second wavy peripheral cutting edge Third wavy peripheral

each nick 34 is configured such that each nick groove 392 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 Rl of the
tool-end-side rounded portion of esach nick is rendered
smaller than the curvature radius R2 of the tool-shank-side
rounded portion of sach nick. Furthermore, preferably, a
bottom portion 37 of each nick groove 2% has a concave shape,
and is connected, at a bottom end 3B of the nick groove 39,
to the tool-shank-side rounded portion (having the curvature
radius RZ2} wia a straight portion or a convex curve.

[(0127]

In the nicked carbide end mill of the present invention,
the bettom end 38 of each nick groove is connected to the
tool-shank-side rounded portion 26 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 esach nick groove is connected to the bool-shank-side
rounded portion wvia 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 wia a curve portion
convexed toward the nick groove., In an example shown in FIG.
17, the bottom end ¢f each nick groove is connected to the
tool-shank-side rounded porticon via a combination of curve
portion convexed toward the nick greoove and a straight

porkion.
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cutting edge _ Fourth wavy peripheral culling edge Invention Example A 1 Equal separation 0.02 O
0.02 2%

[0128]

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 eoptimized. In such a case;
as better means, there can employed an improved nicked
carbide end mill of the present invenktion in which, as shown
in FIGS. 15 to 17, the tool-shank-side rounded portion 36
and the bottom end 3% of each nick groove are connected via
da shape selected from straight portien 40, a curve portion
41 convexed toward khe 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 cptimizing 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 toecl steel having a
relatively high teoughness, which is used for cutting tools,
carbhide, 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
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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.
[02&H(Exaépﬁaﬁ§WES or more the conventiocnal cutting speed,

optimizaticon 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 rthe present invention,
desirably, the curvature radius Rl of the tonl-end-side
rounded portion of each nick 34 falls within a range of
0.01D te 0.03D (D represents the tool diameter). When the
curvature radius Rl falls within this range, the strength of
the rounded portion connecting the nick 34 and the
peripheral cutting edge 1 on the tool and side 2 can be
increased, whereby chipping can be prevented. When the
curvature radius Rl of the tool-end-side rounded portion is
less than (.01D, the strength of the rounded portion is
relatively low, whereby chipping may occur during cutting.

When the curvature radius Rl of the tool-end-side rounded

portion exceeds 0.03D, a force with which a machined surface
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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. Gutting €sadifiohswere as dolidvwes: toraliondlispeedng, 000 se@mtiondmin (CaRiagispeed:
200 m/min), feed rate: 2,000 mm/min (0.06 mm of feed per cutting edge), and amount of cutting in
axial directioht BINFNIRRSVERENSN BEBAA AR nfill SeBa FREVRS MEFRES by doFhm/min every
1 m cutting, g?g F_EE fe%%rate at which bre%:](e e oc%%rgleij was é%co#ed. When no problems occurred

. e geCurgcy .o =] IrTdie -
after machining, mar Wwas assigned in abfe ,vIv’hereas w en%reakage occurred or when

fracture or chipping[%cloﬂr]ed 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]ij& ablteaAGE vattatiom?alf? rractyteiBieakrge ¢ fl 0030 Xool-shank-

side rounded portion of =ach nick 34 of the nicked carbide
end mill of the present invention falls within a range of
1.50 to 2.00 (D represents the tool diameter). In thisz case,
the nick 34 and the peripheral cutting edge 1 is connected
together properly, whereby the rounded portion on the tool
shank side 2 of the nick groove 29 can have a sufficiently
large strength, and chipping can be prevented. Therefore,
high-efficiency machining can he performed at a high feed
rate. In the case where the curvature radius RZ2 of the
tocl-shank-side rounded porticon of each nick 34 is less than
1.5 kimes the teool diameter D, the sltrength is insufficient.
In the case where the curvature radius RZ of the tool-shank-
side rounded porticn of each nick 34 exceeds 2.0 times the
tool diameter D, cutting resistance increases. In esither
case, chipping is apt to occur.

[0132]

Desirably, the depth 9 of each nick of the nicked
carbide end mill of the present inventicon falls wikhin a
range of 0.01D to 0.05D. In the case where the depth % of
geach nick is less than 0.01D, 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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009? 0 0 X teed rate 1 oofrz 0 0 0 000z 0 O O Separation of

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 % of each nick, employment of high feed rate becomes
impossible. In the case where the depth 2 of each nick
exceeds 0.03D, the strength of each cutting edge decreases,
and chipping may Dccar. Therefore, in the case where the
depth 3 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 essantial condition
that the curvature radius Rl of the tool-end-side rounded
portion is smaller than the curvature radius R2 of the tool-
shank-side rounded portion. However, all the nicks 34 de
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 iz common to use a grinding stone for grinding the nick
grooves 39, desirably, all the nicks 34 have substantially
the same dimensicons. In this case, when the nicked carbide

end mill is manufactured, the same grinding wheel shape can
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cutting edges Equal separation Equal separation Unequal separation Sample No. a- .-1 n m Invention
Example A Conventional Example A Conventional

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 BZ, end mills {Conventiocnal Example B4 ko B7Y)
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 portien 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 cuktking is performed
under conditiens for high efficiency by use of a nicked
carbide end mill in which the phase of the nicked peripheral
cutting edges are deviated frem the respective reference
phases with egual distances which are obtained by dividing
the nick pitch ¢f khe reference peripheral cutting edge by
the number of the cutting edges. If the nicks have edge
portions 432, which are angular; i.e., have sharp edges as
shown in FIG. 1%, which shows the cross-sectional shape of a

nick, the possibility of occurrence of chipping is high. In
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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 Al4, 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 ABlids, astiny eddewithamegeall\aseparkistmargle$)h breakage-otbaped wivenkfeed rate
reached 2,B00 mm/min. Through observation of the tool thereafter, welding of chips was found in

edge groovéERadiRg Thal EparRchRie EHeroreardye wak ddid fidccH Fesult of jamming

e R L Bl A0 hea. 1 ERRIe AC. REfRera) GUg dges having
different shapes(i.e., wavy peripheral cutting ed%e and nhicked peripheral cutting ea%e’}were

compared wih-geach et By,cakying Quh 2L thslemRIoyiNg,alk §asy HEWE Pworkpipce

(stainless steel 3U3304). An end mill of Invention Example A14 was produced in the same manner as
in Inventiondzynple A2 (dexad pie: Al)daad ap enstmdliefdnvertiosnampledisl pwas pseduced in the
same manner as in Invention Example A7 (Example A2). Each of the end mills was employed for
cutting. [0235] thirFgr seprige lifeteSiirg, @yathgrwagearridd oghuntier tite FABwiRY eorditions:
rotational speed: 5,000 rotations/min (cutting speed: 125 m/min), feed rate: 1,200 mm/min (0.06 mm
of feed per EQBRgRAGEY Hhduht BRELRING HT AP EFe R it and2hddif of eBding in radial
direction: 1 mm, EQVS%\@éuatQﬂn%eeé‘Ch engirgillll, ng&jp%erghg__t{;taire% gdgesa %.ereofﬂ\%e_:re Qgserved every

5in cutting.%ﬁgn neither fracture n0|Pc?11|?pp|ng occurréd in’an end mill un m cutting, the and mill

was evaluaiegeas '@podoandithg Ward WHRYSS thesadipilammeasusrsdhe fasuisareghown in
Table A6. Sample No. Peripheral cutling edge

merely produces shapes similar to the basic shape shown in

F1G. 19,

[0137]

FIG. 21 is a view showing the nick shape described in
Patent Documenkt 4. In the nick shape shown in FIG. 21, a
connaction 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 tocl shank side.

FIG. 22 shows a nick shape which is similar to that
shown in FIG., 21 and which is also described in Palent
Document 4. In the nick shape of FIG. 21, the radius of
curvatbture on the tool shank side is made larger than that on
the tool end side.

[01381]

In order to achieve the chject of the present

invention; i.e., in order to realize a machining eifficiency
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shape Phase deviation amoun (mm) Phase deviation amount (%) Cutting length Wear width
Evaluation Second wavy (nicked) peripheral cutting edge Third wavy

{feed amount per =single cutting edge; rotaticnal 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 bo achieve the object of the present invention, 1t
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.

[(0129]

The present inventor carried studies on the optimum
sizes of the curvature radius Rl of the tool-end-side
rounded portion and the curvature radius RZ ¢f the tool-
shank-5ide rounded portiomn, the relation between the
curvature radius Rl and the curvature radius RZ2, and the
mannher in which the bottom portieon 37 of each nick groove 1is
connected to bthe corresponding tool-shank-side rounded
porticn 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-
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(nicked) peripheral cutting edge Fourth wavy (nicked) peripheral cutting edge  Invention Example A
15 Wavy peripheral cutting edge

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 i1s such that the tool-shank-side
rounded portion is connected to the bottom end of the nick
areoove ¥ia a straight portion, a curve portion convexed
toward the nick greoove, or a combination of the straight
portion and the convex curve portion. This shape increases
the strength of the nick considerably.

[0141]

in contrast, in each of the conventional end mills
shown in FIG5. 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 c¢ross section, the surface of each of the tool-end-
side 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 e=each nick has
the above-described shape cannot be said teo 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
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0.02 0 0.02 2% 30 m 0.141 mm Good 16 Nicked peripheral cutting edge 0_02 0 0.02 2%

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 Rl of the tool-end-
side rounded portion is required so as to secure a
satisfactory cutting performance, while securing a
satisfactary strength, and maintain good surface roughness.
Desirably, the curvature radius Rl falls within the range of
0.010 to 0.05D (D: kool diameter), and the more desirable
range is 0.01D te 0.03D.

[0143]

In order to secure the chipping resistance of each nick
34, the curvature radius RZ 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 Rl of the tool-end-
side rounded portion. The more desirable range of the
curvature radius R2 of the tocl-shank-side rounded porticn
is 1.1 times to 2.0 times the curvature radius Rl of the
tool-end-side rounded portion.

10144]

However, the above dascribed effects of Khe curvature
radius R2Z of the tool-shank-side rounded portion and the
curvature radius Rl of the tool-end-side rounded portion and
the effect of the shape of nicks groove which is kaken into
consideration as needed are not exhibited scolely in the
nicked carbide end mill. The effect of the shape of nicks
groove is truly produced through satisfaction o¢f all the

requirements regarding the nick groowve, in particular,
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30 m 0.13 mm Good [0237] As a result, in the cases of Invention Examples AI5 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 AIS
(i.e., 0.14 mm). These data show that nicked peripheral cutting edge is superior to wavy peripheral
cutting edgefiRdeims biédtiing b an asprs-Wweld dlotikpiesd stidteay bexhdeds stoet. 10R38] (Example
BI) In Examﬁﬁ BI, particularly, the optimal amount of deviation of nicked peripheral cutting edges

from the resPBRINE refdrehPE phasES wal R niiES SnRAFSHBhSE itn BIEE BY HRIBLE diparative
Example Si, C iopal E Bl and B2,.end mills, each having four cytting edges, were
produced 1o & o b e BT P R PR R0 s o
(tool diametg; Bamim gutting 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 DI and B2, Comparative
Example BI, and Céfuetitibnal 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 sati&%hall BpplyHerkmaftEAr thedsureamrdiiddius R21di% @BRSEakside rounded

portion of egch nick was 1.6 times the curvature radius Rléi,e., 0,32 mm), and the depth of each nick
was 0,03 D%&Eﬁnrgr%?.qnle%cﬁ%ln m%ﬁaﬁﬁ&sga&eg&l’ﬁ 388 BFEPItfralit of SHAELHBre formed

so as lo alialpafisharsianale 8 ga Al secondAaslt AR oL 30, e bolial Aid gl gach nick

was connected to the toolshank-side rounded portion thereof vature radius R2) via a straight
portion. Eaghiefitea epdhillaésamplenwas chatechwith adtardcoakinglyding andtgimediate layer
formed of TiAISIN, an innermost layer formed of TIAIN, and an outermost layer formed of TiSiN. [0240]
In InventioncExampla Bidas entianil hawingtthe dolidaving hicked arecphéral tlittingeedges was
produced. Specifically, a first nicked peripheral cutting edge was considered a reference peripheral

cutting edgéleHithESEmEHinG REMBRETE TodFIberpheraREfing R FUESSverd devatéd from the

respective reference phases of the refers nc%cuttin%%g%e, wherein ]he ?stance of the reference
phase is an'amoun correspon&ngjto a valie obtaine byed&alﬁf & mE%ﬁg hi itch ot the

reference pefipharat H41IRg £49GHE A SeCaIcked Rerirnera! Guitingiedo.Jhe phase deviation
amount was
contbtinuously connected to the bettom end of a correspeonding
nick groove via a ¢onvex curve portion,
[0146]
FIG. 23 is5 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 carkide end mill
of the present invention. FIG. 25 shows one of the
embodiment of the present cnvention. 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,
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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! respectivé rdferenedqehabes dedl secondimioke dperipherakctmimglédge, the phase
deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02 mm). In a third nicked peripheral
cutting edgeP S fhasdabdatisn ahtount Was e?d?u&@d%(?%%%é’ﬁﬁk WER .50 mm). In a fourth
nicked peripheral cutting.edge, the phase deviation amount was agdjusted to 2% of the, nick pitch (i.e.,
005 iy, (OB ST R ERRaie T A S g B Pl BUHheP 2L e Aera
cutting edges was; prpdused Specitigaliy, a fipstyigked peripheral cutting edge was considered a
reference peripheral cutting edgé, and the remaining (second to fourth) peripheral cutting edges were
deviated from the appye-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 ciginghedie, ine Ph&se déviatlon AouREwas afljushed BPERTERERRK pitch (i.e.,
0.03 mm). In a fourth nicked peripheral cutting edge, the phase devijation amount was adjusted to 2%

of the nick gREA (&1 - 02 mim ) 36245 keth RREARNS EXAnpREBATEn BAF Sl REYRG the following
nicked peripff al é:%l%tmge%d%?g was, p{_'ocgucegl. %plecil‘é%aélwig irstin'ckaed ié)Fgﬁ utting edge was
Jedge, and the [ % to §

considered aréference peripheral cuttin an remarfming (secon ourth) peripheral
cutting edg ererdaviated, from the abrue-abtained respreiva aier@nee phages Has-wecond
nicked peripheral cutting edge, the phase deviation amount was adjusted to 5% of the nick pitch (i.e.,
0.05 mm). I adhird hickéd peripheral cuttifg edf)eathsephasrdeviationvdrmburt 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 adjustedid 4ipaf #igsick BitEl (ithr20. D& REm 10224 ct 1pMingéntidh Elsnpre¥Es, an end mill
having the following nicked erri[F_heral cutting ed was ﬁroduced. pecificallljy[ga first nicked

peripheral cBftihl Atasth ﬁagre‘ade??efé"r]eﬁfeslb}éﬁp &8t citiRg edge " EAF HiE¥etnaining
(second to iHULPeTPhEtaleitg eA0Es WAk ﬁﬁxﬁgedcd%%m@s}ébgyea@t@n% reapgctive

reference phases. In a second nicked peripheral cutting e e phase deviation'amount was

adjusted to 2Ke0fthR NGk BEchHE-£i$h@d M)zt 8 thigd Bigked peripherak pultiag eggenthe phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). In a fourth nicked peripheral
cutting edge; tibé phase dletviatior atmicums W28 asifustés: tad¥refthe mitkogtchy(iés Owhi). [0245]
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 =sdge 10}

therebetween.

[0148]

In such an arrangement, the raeference 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
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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 perighdraiautingedgeuhe phhse devlaidraencunt Wes atjostedte 824 of the nick pitch (i.e.,
0.06 mm). [0246] In Conventional Example BI, there was produced an end mill having nicked

peripheral CURTT 886 SFTFIMEErt PRARE deViblidR AmAt 2hdrah, FRE8cR hickBd Behpheral

cutting edg%, tg amount ofd viatigrlfro thehre{jeren e phase (i.e.,.1/4,0f.the nick pitch of the
reference peﬁ ﬁé:raFéutIt}ngeré grél)lwaé a‘g}bls(t:ed toag%%.} 7']§EB(C % l&%%vélnlti(}rr}la? g%ngﬁe B2, there

was produceghanseid pihhavingdickegrerinhesalaaiting,edaes-aftconstant phage dgvigtion amount
with different separation angles (i.e., 95, 85, 95, and 85), wherein, in each nicked peripheral cutting
edge, the agmuat atdeliation from the reference phase (i.e., 1/4 of the nick pitch of the reference
peripheral cutting edg? was adjusted to 0%. [0248] In Conventional Example 83, there was
produced an end mifilkA hich the amount of deviation from the reference phase in each nicked
peripheral cuttingj_gge was determined as in the case of the end mill as described in Patent

Document 1. Specifitali§™& Fifst hickhB pefibh&asT Guftihg'elfye Birdid&redH FefEEREE kripheral
cutting edog b inedemalung daeapnciogeunRernficta srling.edgesyeresdadaigd fom the
nick periphera

above-obtained respective reference phases. [n a'seton cutting edge, the phase
deviation amogREWas adjstra t016% Afthe §ickdieh (i7e w6 MEYe Ina thikkaigked peripheral
cutting edge, the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm), In a fourth
nicked periphigratemtindg edgbethegpiese mevigtien gmeurt Wasiad;iisig ddd 8o b theamick pitch (i.e.,
0.02 mm}. In each of the end mills of Invention Examples Bl to B5, Comparative Example 13/, and

ConventionelEx&mplsBNEtiBd, MekdPhsiHeratéifting cageswere fotirRdSnidd &Fhave the
same sepaggio&aalrp?lle. 024c_1[9] viEach of the end mvlélg S su%ectgd ﬁﬁa %thin test (service life
test) employing S workpace (dis Srelt SRB6IHIHAS r%ﬁ'a Ag df REAY)T
Specifically, (Upo P1ASFAUR] pui dadardhe Sellpiviaa cppdiions ating sRegtt dOdninig
(rotational speed: 6,000 rotations/min), which is 1.5 times the cutting speed in conventiona
high-speedscusiingeger 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]
[0150]
Specifically, the deviation amounts 15 from the
reference phase 14 of the second nicked peripheral cutting
edge 17 and the fourth nicked peripheral cutkting edge 12 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 teol 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
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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)fCuttiag tengttr fém) Wearavidthi gnme&valuationthat 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
refereance 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 13 from the corresponding reference
phase 14 is 0 mm, and the deviation amount 15 of the phase
of the fourth nicked peripheral cutking 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 wvalue when the phase is daviated 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 dewviated 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
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Second nicked peripheral cutting edge Third nicked peripheral cutting edge Fourth nicked peripheral
cutting edge Invention Example 13

peripheral cukting edge 10, from the respective reference
phases 14 are determined such that the deviation amounk 15
of the phase of at least one nicked peripheral cutting sdge
From the corresponding reference phase 14 is 5% or less
{excluding 0%) of the nick pitch 8 of the reference
peripheral cutting edge 10,

(0154]

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 Eo 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 deviatbion
amount 15 of the phase of only one peripheral cutting eadge
fram the corresponding reference phase 14 15 rendered
different from those of the remaining peripheral cutting
edges.

[Q155]

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 amounks 15 from
the reference phases 14 are required. In contrast,

according to the present invention, even only one kind of
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1 Equal separation 0.01 0 0.01 1 50 0.1 Good 2 Equal separation 0.02 0

deviation amount 15 from the reference phases 14 is
accepbable to suppress chattering vibration teo perform high-
efficiency machining through high-speed cutting, and service
life can be extended.

[01i586]

In order te realize a carbide end mil for high-speed
cutting in which the phase deviation amount is made
nonuniform amonyg the peripheral cutting edges, properly
determining the nick phase deviation amount iz very
important. Furthermore, both the proper determination of
the phase deviation amount and the optimization of the
cross—secticnal shape of the nicks are essential for putting
the nicked carbide end mill into practice.

[(0157]

In tha 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 iz a good avenue to optimize the gash shape of the
end cutting edges. &n 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.

[015B]

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
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end cutting edge}, a second gash surface 52 provided on the
side toward the rotational center of the toel axis of the
end mill, and a third gash surface 53 provided on the
peripheral side of the end mill.

[0153]

FIG. 13 is a partial cross-sectional wview 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.

[01&0]

In FIG. 13, a first gash angle 55 is formed bektween 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% ko 359,

and the second gash angle 57 is 40° to 60°. The length 58 of

4 connection portion betwesen the second gash surface and the
third gash surface is not less than 5% the tool diameter D
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 connesction portion of the second gash surface
52 with the third gash surface 53.

[0161]

With reference Eo FIGS. 12 and 12, there has been
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described the embodiment in which the peripheral cutbing
edges are wavy peripheral cubkting edges, and gashes are
provided for the end cutting edges. Hawever, it is good
practice to optimize the gash shape of the end cutting edges
even in the carbide and mill of the present invention whose
peripheral cutting edges are nicked peripheral cutting edges
a5 shown in FIG. 14. Ewven in such a case, preferably, the
carbide end mill has & gash shape as shown in FIGS5. 12 and
13; i.e., each gash is formed such that the gash iz composed
of a plurality of surface; i.a., a first gash surface
{cutting face of the corresponding end cutting edge), 2
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° teo 357 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 409 to

60° is formed between a crossing portion 56 of the first

gash surface with the third gash surface, and the plane
perpendicularly inkersecting the axis.

[016Z]

By virtue of such a configuraticon 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
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longitudinal-feed cutting or obligque cutting. Therefore,

the end mill of the present invention having such a gash
configuration can endure high-speed cutting during lateral-
feed cutting or chlique cutting, and can minimize chattering
vibration.

[0163]

Since khe first gash angle 55 is set to 15° to 35°, the
rigidity in the wvicinity of the tool rotation axis can be
secured, and chip remeovability is improved. In the case
where the first gash angle 55 is less than 15°, chip pockets
in the wviginity 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 25°, 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 conneckion portion of the second
gash surface 52 with the third gash =urface 53 as measured
from the tool rotation axis is zet to be not less than 5%
the tool diameter but he less than 20% the tool diameter.
Thus, the rigidity of the end cutting edges in the wicinity
of the tool rotation axis can be secured, and removal of
chips to the groowves 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
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- Chipping Conventional Example B 1 Equal separation 0 0 0 0 15 Fracture 2

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 cutrting 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 tocl 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 detericorates. 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 40° £o 60° 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 coblique 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
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machined hole, and, even at the time of obligue cutting, Ethe
topl 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
OCCUur.

[C1le7]

In the case where the second gash angle 57 exceeds 60°,
the rigidity in the vicinity of the tool end decrease,
fracture iz apt to occur, even if there iz no problem with
removing chip because chip pockets for chip removal become
larger, whereby chips produced by the end cutking edges
smoothly flow toward the flutes on the periphery.

f0168]

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 leongitudinal-feed cutting and obligue cutlting. Since
the performance of removing chips preoduced by the end
cutting edges is not affected by the shape of the peripheral
cubtting edges, the same effect can be obktained irrespective
of whether the peripheral cutting edges are wavy peripheral
ecntting edges or nicked peripheral cutting edges.

[0169]

In particular, as an oblique cutting is apt to become
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6 25 - Chipping [0252] AS a result, in the cases of Invention Examples Bl 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 qgedrence pf aRipping URDNI2MNsauthiRg:dn she casmeftGanvertitbpal Example Bl, nick
pitches were provided at equal intervals, and thus chattering vibration was increased, and fracture
occurred uparens makidingyleanihgaithe Badbithe sewicerlifaUd the case bR EoRFEInHNE
Example B2 (i.e., cutting edge with unequally-separated angles), chipping occurred upon 35 m cutting

in a nicked pERipREAS EultigddgbSHIN & hroaRFo iRt ¥e RS A EGT Endit 9[H28BF Ekample B2)
In Example B2,.particularly, the opti shape of nicked peri r‘I: ut ing ed was.determined. In
Invention Exca)%qlp]r&uﬁffgéw%‘omnﬁraﬁ{/ﬂ %(éﬁ”lrb es é)f a%E%B%,%n C%S?nv%%%onall%xamples B4 to

B7, end mills-gagh,RBYiING fQur GUting-edaes-werainnoduged Fiopta sarkide:base having aa@a 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: &% ctatal dendteHmmnmoahank diabetercl@our [0234] imprmERampde B2, each end mill

was produced so as to have the following nicked peripheral cutting edges. Specifically, a first nicked

peripheral céttihgedge ias ddrsidered arefekdidd peribtrerahdirttifF Badge ntrth¥ remaining

(second to fourth) peripheral cutting edges were deviatgd frog]?the respective refere\;{écl::t ghases of the
u

reference petfphirdl ShittfrSed P AHEFER THE QistA LIRS FHE IR IHABIE & VAliE SBtained by
equally quartering the nick pitch of the refeyence priphsralayiiing adae.Ja g,seqongnicked

peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02
mm). In a thigd picked pesipberal cytiing msige: the phasedaviation angest Was adjugtedttor9o of the

nick pitch (i.e., 0 mm). In a fourth nicked peripheral cutting edge, the phase deviation amount was
adjusted to 20end tiad ajpk pitehdirai 0402 dopn) FEacls &nd naift (SarplepWas weatddiwith a hard coat
including an intermediate layer formed of TIAISIN, an innermost layer formed of TiAIN, and an
outermost layemfredlotysanqodsy 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 cccur, and stable and high-efficiency oblique
cutting can be performed. When a conventional end mill is
used, the maximum Eilt angle of the end mill during obligque
cutting is about 5°. In contrast, when the end mill ¢f the
present invention is used, ordinary oblique cutbtting can be
performed with 20° 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 pertion 29 formed of

carbide can be detachably attached to a tocl-holding portion
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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 BB} 27, Bis anfidB2, were pioeluced bywiaeyieg teeslaps: ohe pedipascomnaactirgsthe
bottom end of each nick and the toolshank-side rounded portion of the nick, wherein the curvature
radius R1 ofta ¥661'hid-Sde Fotfrdedoorfian b Ehen Rtk Wddadidgrdia 2D @2 Adn in actual
size, the same %hla@ acr[)pivych%}reinaft athe %urvaﬁ;lre radius R2 of a tool-shank-side rounded portion of
each nick was Adjusted o 1. 7%meS I &t aturd Mdius B 0. 34 niths: a%%nthgﬁgbﬁwwgfre h nick
was adjusteghtoy02h D5 PR 026 7h e ERd mylls oflpygntion géef@%%% 539 1p-52¢,and 823
were produced such that the bottom end of each nick was connectéd to the tool-shank-Side rounded
portion (curzature eheljustB2)-af the nickviaAnsiraightparion s Inventn:-exampled3® 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 rdehig-R27of d3eoksitarikoside hodrtietpartion bpeadd nivkywasadjosteektodfs times the
curvature radjus R1 (0.16. mm), and the depth of each nick was adjusted to 0.025 D (0.25 mm).
[0258]  1AthBhiBhESANTHE B 1D tHEMISurs r&ifER1 of R tddehd=88€ rounded portion of

each nick Wrgsna}‘g%usé%%}%o.OBCD Ei%.:%ﬂmm)btge curvatur radius R2 of a tool-shankside rounded
portion of each nick was aé]jgsteg 6 156 timds tl%e curvature radius R1 (0.48 mm), and the depth of
each nick was adjusigd {0 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 RR1dE a t2B|-sihanks|defiotindsahpattionoef,eachAlekuias aigjusted tax:k Sctivaes the
curvature radius R1 (0.3 mm), and the depth of each nick was adjusted to 0.025 D (0.25 mm). [0260]
In InventioniBxAMpBRIB ENYKE YiFature rRginsRIMeta kbl wwe-side owdetesdriional egettinick
was adjusted to. 0.02 D %0.2 mm), the curvature radius R2 of a tool-shankside rounded portion of each
ie

nick was adjistdd ¥ tvite IHEEGRARTre $4difls OEEE fam)? SARE RPEH 6744t itk was adjusted
t0(1025[’§£%§B¥EE£Q%%}LJSE of an end mill according to the present

invention. In the case where a pocket is engraved by a
conventional method, first a hole iz formed by use of a
drill. After that, the drill is replaced with an end milil
through tool exchange, and the formed hole is extended by
use of the end 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 iz 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 end mill.
Therefore, the man-hour reguired for setup can be reduced,

and the machining process can be shortened greatly.
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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 jaeptlz pf 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)NgwtcuridtlrdrmdiesRe i ertobvsHgrksideabdnged portnidfdat nidkkwas
adjusted to 1.7 times the curvature radius R1 (0_12 mm), and the depth of each nick was adjusted to

0.025 D (0.253Rnh (0263 SO fhvaRtof Exantpte BB, BESFIAurdratilRY of a (88l-end-side
rounded portion Oljli:'l]e_(?_CLh Dickwas adiusted to&%ﬁ@i@ 30, theqHryature fradius, Rg of a
J

tool-shankside rounded portion of each nick was adjusted to 1.6 times the curvature radius R1 (0.52

mm), and theydepth gkeaghinigk wasradjusted £0 9:026-13 (228 ) £[0R§5Ln 1 yntventienxample
B17, the curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.02 D
(0.2 mm), thefcurtdtarestadius, R2 of adonphksteahky isite thumdedssoridn obeasintickwas adjgsted 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), [OR66E -  HRNHRAERToN EXaRiE B 18N tHENG rF Bl ieRfud RIS B8O REd-side rounded

portion of each nick was adjusted to,0.0 (0.2 mm), the curvature radius R2 of a tool-shankside
rounded por‘fi%ﬂ%*%gcﬁﬁ %ﬁaseggju@t]e o‘ﬂgr%m%stqﬁg c:i:lurcvcé?l}re%ﬁﬁgeﬁl 0B HmY, and the

depﬂ1OfeaQEQmE¥@f§¥M£ﬂ8@t%ﬂéggﬁ%gagﬁﬂgnﬂagg6zbat may be formed of a

TiN coat, from the viewpoint of oxidation resistance.
ABlternatively, 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 inwvention is
employad in the environment where the temperature of a
cutting edge tip reaches 800°C or higher, the hard ccat is
preferably formed of a TiAIN ceat, which is superior to the
aforementioned TiN or TiCN coat in terms of oxidation
resistance f[evaluated by oxidation initiakion temperature)
and hardness propercty.

[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.
1. FIG. 26f{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. 26é{a) is coated with a hard ccat 31. Also,
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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), e thelddstt gfeadiphickalasadjtstey ted@7 Eh@-n min). FOZ69] 26 (I Iniention
Example B21, the curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to
0.02 D (0.2 fiAL % ¥divAufte Raditls Ra6t 2 tool-IMarRsiERGoBRIEFPETBA 0FBEA Ik was
adjusted to %JJ times the c%rggtu‘ﬁ ﬁgigs ﬁéL Q.fﬁ]mm) and the depth f@Chj‘é‘i‘; as adjusted to

0.025 D (0.55 i)  EurtRaimsre” §55hes 888V CSRRSs&T of B RIRalt of Sitales Reréformed so as

to attain a fissf gash apgle ofa0-andamecond daah angle afidd (0270l #p pyRution Example B22,

the bottom end of each nick was connected to the tool-shank-side rounded portion (curvature radius
R2) of the nickpt@a-ascdncave 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 B&&R hick 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 produtB8 ittt s&na mBherR if MRS fioR Extantdil 6f &xBeptth&fthe curvature

radius R2 of a toal-shank-side. rounded portion of.each nick was adjuste be equal to the curvature
SRR RS

t
radius R1 of a tool-erd-side Tounded porﬁén o?eé&?nﬁ:ﬁ%g% l r]'ﬁr?ﬁa) e 8’rhparative

Example 3,afenthidl Was proggeddn tha-same sranner asgn snventiogramnle O exgentthat the
curvature radius R1 of a tool-end-side rounded portion of each nick was adjusted to 0.034 D (0.34
mm), and theieuwnvatune sadins R2s0f sttonkehanksiderorinded podtioni ef-aachiriek wastadjusted 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-bifle $8Gn@8dl poBibn Ljv2 7P &S gRIC GrivVeRris AQIE e SiRIBU vk idimiibwas produced
such that a portion connecting each nick and a corresponding peripheral cuttirclig edge portion had a

sharp edge YhEPE (B e ik ShabRULCHBES HEBERN? Dotufieht 37 #8998 shikis the nick

e AL s e e eson BT, Sccpu
of a TiAlN film, which is superior to the aforementioned TilN
or TiCN film in terms of oxidation resistance {evaluated by
oxidation initiaticn 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 ceat includes an
oputermost layer and an innermost layer. The lower side of
FIG. 29 corresponds to a base carbide 66, and the base
carbide 66 1s coated with the hard ceat including the
following two layers: the innermost layer 62 and the
outermost layer 6l.

(0176]

FIG. 30 shows an example laminate structure of a hard
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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 wass prosliscedduchithat ¢aeh hiskadvasdfatmdd emdttainlthe shapédepenizeehin Patent
Document 4, in which a connection portion between each nick and a corresponding peripheral cutting
edge has a AtV &uFd Padiu$ B aNarthafidfat HiHlEshcave W Poitlon fdAHRY theTad ahRd the
curvature radius is made e uatl betwe%n Te togl end side aﬂ\d tﬂﬁé‘%%!ﬁ@f‘gﬁfidet%%e nickeshape is

shown in FIGCED? SHRTIAIZER) S eAd miffias prBgudtdih RESanE maRneras thinvehtion

Example 86 .g4gept i3l sach idhas gpanacied (9 2 copreshanding pediferal ayting edge via a
ro

concave arc portion; the curvature radius R1 of a tool-end-side rounded portion of each nick was
adjusted to G.82D Agpam);ranththecuryaiuriiaeiusclR 2 of ayteel:shamesitepertian akeach nick
was adjusted to be equal to the curvature radius R1 of the toolend-side rounded portion. [0275] In
ConventiondExaniile 87r an spdriditl was prodased se sidhabe theskapdef Hasmventional nicked
carbide end mill, in which the bottom end of each nick was connected to a tool-shank-side rounded

portion via £ARDd d8riffh dohcaned ssvatthe Mg, BpEaicaRE HE EhG iR FakFoduced in the

same manner_as in Invention Example B6, except that rou dﬁp portions,were not provided on the tool
end side ang ?t?@’ %%Tgﬁag%giﬁeﬁo ach nick [O%%T’Imﬂ # a%i’éeé:Z%?'zstrgféhF %S%r?eac?i%n" refers to

the shape of-:ga¢ly pigk i whighdthepoiemard pftherick inconnsrissedhe toalshapk-side
rounded portion thereof (curvature radius R2) via a straight portion; "convex curve" refers to the shape
of each nickdn wehetn Hte hetient end ofdha niek ihaerinectethéo therteokshanksside sounded portion
thereof (curvature radius R2) via a curve portion convexed toward the nick; 'straight + convex curve"
refers to thetdrmperofeemh Hickmvieh #nalbetomekidiaké nickMs Eordectedhs the
tool-shank-side rounded portion thereof (curvature radius R2) via a straight portion and a curve

portion con@(‘@ﬁcﬂa\hﬁﬁj IJr%YrﬁEk;%lljnﬁc"cﬁﬁ@a\’%ear%ﬂ'?@Fe‘?s by tl‘iréeﬁf'a‘?‘_)iéld]* BhFRAEFRRN is shown
in FIG. 18 (Wﬁng‘ﬂaéfﬁm%e%ggﬂ% Ogogfls fivI 5'7 nigk is copnecipd,io e,

tool-shank-side rounded portion urvature radiu a curve or arc portion cor?caved

toward the nigle [9278 codpedhus-produsediandimills fsr/pples) yiere subjesiedra Acuttiag: test

under the same conditions. A stainless steel 3U3304 block material was provided as a workpiece_
Cutting wasanadried pliuadertthre éallofviigneoriditidres: Tatatioha spmed of tivepnieked sarbice end mill:
4,000 rotations/min (cutting speed: 120 m/min), amount of cutting in axial direction: 20 mm, and
amount of chitmglinrgdmPaitedrr=d nirh. AhfatBRrsglubrAtibricant was employed for cutting. [0278]
In the case of a conventi70nal nicked carbide end mill of this type, an average feed rate for securing an
average LO1#7]

FIG. 31 shows an example laminate struckure of a hard
coat suitable for use in the hard ccated 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 &6, 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 cutermost layer
61.

[0178]
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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, cuttifg Wd=stopped wWhea dpioblerhdad. ahidpingrdebrtretrorihd tietsiyen
roughness Ra of the machined surface of a waorkpiece reached 4 pm or more, and the feed rate at the

time of stoppflFRAE FRHoTd&F Bs R FRRE TRl BNy 3628619 Che tHePBRRS AR broblem

(e.g., chipping) did_not occur i .end mill, and the average roughness Ra of the machined surface of
a workpiece was 4 pm or less at the time when the feedrate limit was 1, mm/mirt, the end mill was
kp é)]gzlEDI%anT DP %:n EI.l'lH‘l ﬁ . ?I‘l ﬁlﬁ% ?.T'Hﬁ mlfi OJO% 2111 m#i?ﬁi d "

evaluated agngaedtand by raling; &f:" thike Gase Whske frieRiem §¢.0a chinning)fidagkoccur 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: taedyagnita was 35OmMer minhhe Anchioldl, was-evaluatet,as “geed high-rate
feed" and by rating "AA." In the case where chipping occurred in an end mill, or the average
roughness R&D# e fachihetsutaeet BdvaiRpleck extBedEd 495 2utHe tiatwHertthe feed rate
limit was less than ]QOOO mm/mi% the average machined surface roughness Ra was recorded

r

thereupon, ARG e EXd AiPTaR evRRkAdd b T BTG B2 Showd RELPECiRdatiohs of the
end mills sajpplgs teged anglthg s HR.OIIRR testriledt] UaRiRakiogenl o 11d 1

nitride, but may be a compound containing Ti and Al as main
components and containing a nonmetallic element other than
Ti and 2&l; for example, the compound may be a nitride {i.e,,
the nonmetallic element other than Ti and Al is only
nitrogen), a carbonitride {e.g., (TiAl)CH), an oxynitride
{e.g., {(TiA1lICH), or an oxycarbonitride {e.g., {(TiZl)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 cutbing edge of the end mill
such thakt 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 cutermost 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
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salecting from a nitride, carbonitride, oxynitride, and
oxycarbhonitride containing Ti and Al as main metallic
components, and the cutermost layer of the hard coat
contains 5i.

[(180]

More specifically, the hard coak preferably has a
structure formed of a compound containing Ti and Si as main
components in the form of a nitride, carbonitride,
oxyhnitride, or cocxycarbonitride of these metallic elements.

[0181]

The most suitable Si-containing component for the
outarmost layer of the hard coat is a TiSi-nitride,
preferably a TiSi-nitrode having an 5i 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 TiAlS1 nitride or A1CrSi
nitride having an 3i comtent of 1 to 15% by atom (Ti, Cr, or
Al content: balance)] .,

[0182]

A layered coat formed of a Ti51 nitride, a TiAl=3i
nitride, or an A1CrEi nikride exhibits more excellent
durability. S8Similar 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, CriH,
TiAlN, and A1CrN, the nicked carbide end mill of the present
invention exhibits improved cutting performance.

[G1E3)

97



8 8 8 cause or stopping at reed rate limit Good high-rate reed Pan.'lonoG Paal 010i-41111Pho Pohl
ole-1-11514-Froc9 paaJ ani-kiabio pogo Paal lat-4114 Pho gaol Mat-tipiti PhoO Pool Ela-i-i5111
gees paad Ep-oiqg Pah9 PhoD PhoO

From the wiewpoint of improvemant of durability,
preferably, the hard coat having the above-exemplified
compositicon iz produced through a physical vapor deposition
technique. Both of arc discharge ion plating and spubttbering
can be applied as the physical vapor deposition technique.
These hard coats can also be applied to a peripheral cukbtting
edge of the nicked carbide end mill.

[0184]

In another preferred embodiment of the present
invention, the hard ecoat 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 layar, an outermost layer, and one or more
intermediate layers interposed Lherebetween, wherein the
innermost layer of the hard film is formed of a nitride
confaining one or more mekal elements selected from among
Al, Cr, Ti, and 5i; the intarmediate layer is formed of a
compound containing one or more metal elemenks selecked from
among Al, Cr, Ti, and 51, and one or more elements selected
from among N, B, C, and O; and the cutermost layer of the
hard coat is formed of a compound containing one or more
metal elemeants selected from ameng Ti and 5i, and one or

more elements selected from ameng M, 5, C, and B.
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(0185]

In such a case, preferably, the hard coat has a film
structure in which the cutermost layer Fformed of a nitrogen-
containing TiSi compound is stacked on a ceoat formed of any
of the aforamentioned nitrogen-containing TiAl compounds, or
a coat structure in which one or more layers formed of a
nitregen-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 outermest layer of the hard

coat.

(0186]

The aforementioneq nitrogen-containing TiSi compeund
may be a compound containing Ti and 5i as main components;
for example, a nitride {e.g., TiSiW), a carbonitride (e.g.,
{TiSi)CN}, an oxynitride (e.g., (Ti5i)JON}, or an
oxycarbonitride {e.g., ({Ti3i)CONM}. Hereinafter, these
compounds may be collectively referred to as "nitrogen-
containing TiSi compound."

[0187]

An intermediate layer may be provided between the
aforamentioned nitrogen-containing TiAl compound coat and
the nitrogen—containing TiS1l compound film to improve
adhesion between these coats. The intermediate layer is

preferably a coat formed of a compound similar to the
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nitrogen-containing TiAl compound, or a coat formed of a
compound similar to Ehe nitrogen-containing TiS5i compound.
The former intermediate layer coat is preferably formed of a
nitrogen-containing TiAl compound containing a small amount
of B, 5i, Cr, Nb, V¥V, or Hf, and the latter intermediate
layer coat is preferably formed of a nitrogen-containing
TiS5i compound containing a small amount of B, Al, Cr, Hb, Vv,
or HE.

[(0188]

The hard cecat employed in the present invention has the
aforementicned layer structure; i.e., the hard coatb is
formed of a composite layer of an cutermost layer and an
innermost layer which is stacked directly on the surface of
the kase carbide of a peripheral cuttbting edge, or the hard
coat is formed of a composite layer including an innermost
layer, an cutermost layer, and one or more alternately
stacked layers or an intermediate layer interposed between
the innermost and outermost layers, wherein the socutermost
layer exhibits oxidation resistance and wear resistance
higher than those of the innermost layer.

[01853]

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 Tidl compound,
wherein the proportions of Ti and Al {(i.e., main metallic

elements of the compound} are waried in that coat.
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[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 TiuAl,_-.M}, the innermost layer is formed of
titanium-rich Tizhli_.H {i.=e., 0.5 < x =< 1), and the
cutermost layer is formed of aluminum-rich Ti.Ali N {i.e., 0
£ x < 0.5).

{01591]

In the multi-layer hard coat, a composite layer
including the innermost layer and the cutermost layer (total
thickness: several nanometers to several tens of nanometers)
may be pericdically 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 5i) may
be provided between the innermost layer and the ocutermost
layer. In any case, the innermost layer must be formed of
titanium-rich Ti,21, N, and the ocutermeost layer must be
farmed of aluminum-rich Ti,Al;..N. In any case, the total
thickness of the hard coat is preferably 2 pm to 10 pum.

[0192]

Mext will be described methods for coating the nicked
carbide end mill of the present invenkion with a hard ceoat,
but the present invention is neot limited to the below-
described coating methods. HNeo particular limitation is

imposed on the coating method employed, so long as the
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aforementicned 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
bhetween layers (including the innermost layer and the
outarmosk layer) in the hard coat.

[0193]

In consideration of the fatigue strength of a tool,
there 1s preferably employed a physical vapor depositicen
technigue (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 veoltage is applied to the nicked carbide end
mill.

[0194]

Specifically, arc discharge ion plating is carried out
as feollows. When the innermost layer is formed of a coat of
a4 nitreogen—containing TiAl compound {e.g., {(TiAl}N,
(TiAl)CN, or {(TiAlCr)N) and the outermost layer is formed of
a coat of a nitrogen-containing TiSi compound {e.g.,
{Ti5i})N, (TiS5i}CHW, or (TiSiCr)N}, arc discharge ion plating
is carried out under, for example, the following conditions:
the temperakture of tThe nicked carbide end mill which is to
be coated is adjusted to about 400°C; the pressure of
reactive gas 15 requlated to 3.0 Pa; and a relatively low
bias voltage (-10 V to -100 V) is applied. This coating
method attains good adhesion betwaen the hard coat and the

end mill, as well as lattice matching of crystal between
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layers {including the innermost layer and the outermost
layer) at their interfaces.

(0185]

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 cut by simultanecusly using the targets
hawving differant compositions. Thus, the intermediate layer
anf the hard coat can be provided so as to have an
intermediate composition between the compositions of the
innermost layer and the cutermost layer, and the amount of a
specific component of the intermediate layer is readily
increased or decreased in a gradual manner.

[0196]

The carhbide end mill of the presenkt invention is
intended to be used for high-performance and high-speed
rough machining or semi-finishing machining. Therefore, the
hard ceoat exhibiting good adhesion is essential for
preventing sudden accidents {e.g., coat peeling). 1In order
to achieve such a purpose, the aforementioned control method
of intermediate composition is affective for attaining
sufficient lattice matching between intermediate layers.

[0197]

In the most preferred embodiment of the present

invention, there is employved the end mill of the present
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inventicn 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
ko cause problems, the aforementioned gash-shape carbide end
mill is preferably employed. In most cutting conditions,
application of the aforementicned hard ceoat is preferred.

[Examples]

[0188]

The present invention will next be described in more
detail by way of examples, which should not ke construed as
limiting the invention thereto.

[015%]

Examples are classified into five groups according to
their purposes; specifically, the following Example A,
Example B, Example C, Example D, and Example E:

Example &: bxamples in which the optimal shaps of peripheral
cutting edges of the end mill of the present invention is
confirmed {Examples Al to RE):

Example B: Examples in which the shape of nicks is optimized
in the end mill of the present invention {(Examples Bl and
B2} ;

Example C: Examples in which the optimal shape of gashes Ffor
the present invention is confirmed (Examples Cl to C4);
Example D: Examples in which the optimal surface treatment
for the present inventicn is confirmed (Examples D1 to D&);

and
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Example E: Example in which the cutting method of the
present invention is confirmed {Example E17.

[0200]

In the Examples shown helow in tables and descriptions,
Examples of each group are classified inteo Invention
Examples, Conventional Examples, and Comparative Examples.
Samples in Invention Examples, Conventicnal Examples, or
Comparative Examples of esach of the four groups are
tepresented by serial numbers. Specificzlly, 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 A1, particularly, the optimal amount of
deviation of wavy peripheral cutting edges from the
respective reference phases was determined. In Invention
Example A1, an end mill having the following wavy peripheral
cutting edges was produced. Specifically, a first wavy
peripheral cutking 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
adge, wherein the distance of the reference phase were
cbtained by egually quartering the waveform pitch of the
reference peripheral cuttbing edge. In a second wavy
peripheral cutting edge, the phase deviation amount was

adjusted to 1% of the waveform pitch (i.e., 0.0l mm). In a
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third wavy peripheral cutting edge, the phase deviation
amount was adjusted to 0% of the waveform pitch {i.e., 0O
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]

In Invention Example AZ, an end mill having the
following wavy peripheral cutiing edges was produced.
Specifically, a first wavy peripheral cutting edge was
considered a reference peripheral cutting edge, and the
remaining {(second to fourth) peripheral cutbking edges were
deviated from the above-pbtained respective reierence
phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted bto 2% of the waveform pitch
fi.e., 0.02 mm). In a third wavy peripheral cutting edge,
the phase deviation amount was adjusted to % of thes
waveform pikech {i.e., 0 mm}. In a fourth wavy peripheral
cutting edge, the phase deviaticn amcount was adjusted to 2%
of the waveform pitch {(i.e., 0.02 mm).

[0203]

In Invention Example &2, an end mill having the
follewing 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 cutbting edges were
deviated from the above-obtained respective reference

phases. In a second wavy peripheral cutting edge, the phase
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deviation amount was adjusted to 2% of the waveform pitch
f(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., 0.032 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 tao 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.2., 0.02 mm). In a fourth wavy peripheral
cutting edge, the phase deviation amount was adjusted to 43
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, a2 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
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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 Eourth wavy peripheral
cuktting edge, the phase deviation amount was adjusted to 0%
aof the waveform pitch (i.e., { mm).

[0206]

In Comparative Example Al, an end mill hawving the
following wavy peripheral cutting edges was produced.
Specifically, a first wavy peripheral cutting =dge was
considered a reference peripheral cutting edge, and the
remaining {second teo fourth) peripheral cutting edges were
deviated from the above-chtained 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
cutbing edge, the phase deviation amount was adjusted to &%
of the waveform pitch (i.e., .06 mm).

[0207]

in Conventiconal Example &1, 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
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peripheral cutting edge] was adjusted to 0%, that means no
deviation from the respective reference phase.

Iin 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°,  #5°, 85°, and 85%), wherein, in each wavy peripheral
cutting edge, the amcunt 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 ¢f deviation from the reference
phase in each wavy peripheral cutting edge was determined as-
in the casze 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, Ethe
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 Bl and
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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 stee) S5KD61 having a hardness of HRC 40). For
service life evaluation, cutting was carried out under the
following conditions: rotational speed: 6,000 rotaticons/min
(cutting speed: 150 m/min}, feed rate: 1,600 mm/min (0.06 mm
of feed per cutting edge), amcunt 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. When neither
fracture nor chipping cccurred in an end mill until 50 m
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 m cutting, cutting was stopped upon
chservation of fracture or chipping, and the cukting lenglh

was recorded. The results are shown in Table Al
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Phase devlation amount {mm)

) Phase .
Sample No. Sep _aratmn of Second wavy | Third wavy | Fourth wavy deviation Cutting Wear width] Evaluation
cutting edges ) length
peripheral peripheral peripheral ameunt (%)
cutting edge | cuttlng edge | cutting edge
Equal
separztion 0.01 0 0.0 1% S50m | 0.09mm Good
Equal
separation 0.02 0 0.02 2% S0m | 0.07mm [ Good
Invention Equal
Example A separation 0.02 0.03 0.02 3% 50m | 0.08 mm Good
Equal
. 0.05 0.03 0.04 5% E0m | 0.12mm Good
separetion
Equal 0.02 0 0 2% S0m | 0.07mm | Good
separation
Comparative Equal 0.06 0 0.06 6% 30m - Chipping
Example A separation ' )
Equal 0 0 0 0% 20 m . Fracture
separation
Conventional Unequal o iopi
Example A separation 0 0 0 0% 40 m - Chipping
Equal 0.06 0 0.02 6% 30 m i Chipping

separaticn

[1v 2iqeL]
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aroiredurc: To 0-.1=-ya [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 highH &@durhcy 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/nftF[0283F sS4 Hhe d&ta'SHnGEioR BanPIEEBEBEFXAIBL T fndicatt that feed

rate limit is siderably varied with the shape of a portion connecti gltheb t e&d. f each nick
. 2 OQOM, LN, Qf £ac
and a tool-s aé:‘fk-gl %%gﬁn &t Eér[ﬁgn"(&?rv% u%%pgﬁgo R‘E}%%th%er%cl%,eandg é?werq)est %escﬁlt is

obtained by gcopnegting the botfom-end Qf gaeh rick 1o giealishankrside.roundedportienfrurvature

radius R2) of the nick via a straight portion. [0284] In the case of Comparative Example B2,

chipping occurtagratihedtimawhenihe feed-raiewas:800, minimithe cases of Invention
Examples &l 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 Conventicnal Example A2, the amount of
deviation from the reference phase was large, and thus a
large cutting load was applied to a wavy periphearal cutting
edge with large phase deviation amount, resulting in
occurrence of chipping upon 30 m cukbtting. In the case of
Conventional Example Al, waveform pitches were provided at
equal intervals, and thus chattering vibration was
increased, and fracture occurred upon 20 m cutting, leading
teo the end of the service life. In the case of Conventional
Example AZ (i.e., unegually-separated product), chipping
gcecurred upon 40 m cutting in a wavy peripheral cutting edge
with a groove of small separation angle.

[0212]

(Examplz &2)

In Example A2, end mills having nicked peripheral
cutting edges were tested in a manner similar to that
described in Example A1. In each end mill, the amount of
deviation from the reference phase in a nicked peripheral
cutting =dge was adjusted in a manner similar to the cases

of the samples of Example 21 for comparison of cutting
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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 O 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-sigerroupalad portinstefdha nitks arfarcessf pressipgthemachininignsurtabesoaned a
tool-shank-side rounded portion becomes large, and thus line-shaped marks are formed on the
machined sorfate, EsstititeindargeidVelfige §@¥ace roughness Re. [0285] In the case of
Conventional Example B4, chipping aoccurre upog machining at alffeg1 rate of 500 mm/min, and the-

average surface rodghridea2e beFafiEHEA fnf> fir 1 S o LonvertioRalExample 87, chipping

occurred at g fged,(ale, gf 49%@&&“?&%@%@%@%&%erjaga hpess Raegame 4.54 gm. This

indicates when rouno]fe(?pgrtlons aré not provided on the todl end side and the tool shank side of each

nick, strengthds.radiiced]and chipping-acchlisween pighiierdrate machibing. {i286] kmthe case of
Conventional Example 95, in which each nick was formed to have the same shape as in

Conventionat &xxaingde 84, and edientsuqgortiens weee plovidettamthe2tdobend Bidetdrl tool shank
side of each nick, chipping occurred upon machining at a feed rate of 700 mm/min. In the case of

Conventiond ERaiibla 86 { BRBERG dceuftl T theREGIPRARK 3 EHiHRIu S RRCKRRT at a feed

rate of 800 mm/min. This_indicates that when the curvat[ure radius Fi_ll of a too%er]c -side rounded

portion of edtAHEE RSP e UATR fdils R of ATool-stank.side rounded portion of the
nick, strength is pat.enonall, andyema partion conoaciing gach-aick andea earsesnandinggperipheral

cutting edge has a concave shape, strength of the peripferal cutting edge is further reduced, and
chipping ocouks. [@2%drends iplgieas from the datant Exaopte Biandiixample:B3;ahattering
vibration is reduced and chipping resistance is improved by a synergistic effect of optimal phase
deviation anirg anedidkyshepes hhg tavsigaperarhbaca ktdeHinitg s refiabiPderformed through
high-speed cutting. It was also found that cutting at a speed considerably hi%her, thantz conventional

cutting speeB3EGHRSCHr AT PHERRAIET bbitiohs Tidhe todlefd SHEURY Ra 956 Shank side of
each nick, as well as optimization of the shape aof each pick. S ple Cl, the
LRI Tof 10 bRt I oE Re Erecont Pt 1 he ar

shape of gashes the present invention (I.e., the end mill having

second and M%Wr%ém@g@%g@g%dr hecend:mikofthe presantiiveation as.gompared

with a conventional carbide end mill having no third gash surface, a carbide end mill described in
Patent Document Saf whichrgashtioichiangle ks gpecificic los Badarbigdetenogmildiescribée in Patent
Document 6 in which the angle of a gash provided on the peripheral side of the end mil/ is rendered
larger than thbasgledsfel gasteprovitednan fecsidé kevaa tRe sa@fo R 2entef»F tiRclatd hift [0289]

to 0% of the nick pitch (i.e., 0 mmj. In a fourth nicked
peripheral cutting edge, the phase deviation amount from the
reference phase was adjusted to 1% of the nick piteh (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
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In Invention Examples Cl to C12, Conventional Examples CI 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 (TIAI)N
compound. 10290] In Example CI, each end mill was produced so as to have the following wavy
peripheral cotingstigesT Bpacifieaiynd fstolad pernphshalmaitingeddewasdgasidered a reference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated

from the respREf FSrLAkd PRasdwYrthetefrafca sémshaial 26ting ddue, wheteipifichistance

of the referepce phase is.g value obtained by equally.quartering the waveform pitch of the reference
peripheral cgt%h§'e’dgﬁe.' T’naa“suéIL dndt'\?\lllav?/ p%&'iﬁ%g?a%/%%u%ﬁg @%ﬁ}%eﬁﬁ‘&se‘:&g\ﬁ&ﬁ% §MB8nt was

adjusted 0 2Ye0lhe SAEITLBIR( 500102 MRl 18 MAVY egEial ching £dge, the

phase deviation amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). In a fourth wavy
peripheral cpttingredge, ¢he, pllasanjeviation amesiai-wiasaijuaiad jo2%0:0f4b8 Wavefarmagitch (i.e.,
0.02 mm). [0291] In Invention Examples Cl to C5 and Comparative Examples Cl and 02, a
second gasR%#fle WhE aBfusts @50, Bhitiahe 48yt of BaenaddtiorEpertibn 58%hetfieeha second
gash surface and a third gash surface was adjusted to 9% of the tool diameter (i.e., 0.72 mm) as
measured ffohF thd’tboP fhtattorfaxis Anavaiiion Examples Cl to CS, first gash angles were adjusted
to 15, 20, 25, Boo,gﬁlgﬁ@ 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 GA, st geshanaleanas adiusteddto 25 andithe lenpsh 9f agpanection 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) a$ »ldasered frodvthedoplaoigtivaraxis. dntiventordyemplas: 0p 1@8Q-serond gash
angles were adjusted to 40, 45, 55, and 60, respectively, and, in Comparative Examples C3 and C4,
second gashRffeteslierel Adjusted 46 36 1ukakes! rBspddabeyalo2eat t ingn evleation Examples C/0

to C12 and fzcgorggp?ative Examg#?s C5 and C6, a first gash angle was adjusted to 25, and a second
1515484 18 5B HeRGE TP BxhRipies & 1646 €129 tRegRgtAdh EBfnection portion

gash angle was a

°8 benveen.aaaardgayLaulaes Ayl a4t a3sh ayane.nay respeciugy Adiiste 9 3%, 10%,
ed from th

and 15% of the tool diameter as measur tool rotation axis, and im Co Egralﬁ'\alé:%xamples
C5 and C6 dbeiengih of asiwnpRetiLpetioniSs8aetween pe.gashserface and a third gash

surface was respectively adjusted to 0% and 3% of the tool diameter as measured from the tool
rotation axiphases. In a second nicked peripheral cutting edge, Ethe
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 amocunt was adjusted to 3% of the nick
piteh {i.e., 0.03 mm}. In a fourth nicked peripheral
cutting edge, tThe phase deviation amount was adjuskted to 2%
of the nick pitch {(i.e., 0.02 mm].
[0215]
In Invention Example A3, 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 adge, and the

remaining (second to fourth) peripheral cutting edges ware
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[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 seméapedifiation a&ehawevia RGBT 3 ol FatamIPoutimant STafwhfohBe length of a
connection portion 58 between a second gash surface and a third gash surface was adjusted to

23.5% of th@ish Bametdt (Be. 5E 7N HS RdastREd BRBT thk OB FEDES 7a FiE gash angle

was adjusted,to 250, ,and a,second gash ngle was adjugte t 509% [Q 5|]£ A0 B¢ e Cl, each
of the abovel?g%%%cgg \éiaetn:%jorrﬁi"%l%?élsngmpl%?/eﬁ%ﬁl r%a%r%n?%% of préﬁ r treanecli1 steel having a

hardness of HRG 40 (heqivarkpiece} 50 asdp form A roneave,RRMHIgR&RA M.t Wiy, BT in
length, 24 mm in depth). For comparison of the end mills, each end mill was tested through machining

of the workptace Ipha cattihgiracessingtusingea step afdbligueduttingimtivd depéh ofidkm, and a
subsequent step of lateral-feed machining until a width of 50 mm and a length of 50 mm, which
process wa®pé&dbrnidd thrice UinfiBa@i@pth of R4 MrECRYB] NichrmenaseriEbidentional end
mills, a cutting speed of 100 m/min is enough for high-speed cutting of a Wog< iece ga ing gqhardness
of HRC 40, T iPabL SAESanigle CRAR A GRS TR GRUHEBY TRSToRBWHG BhdRions!
rotational spe qigiac)olg.rg}(a;%%?mn ‘ciq_tgrjg SB%Q: }rﬁg)}_r_n/min), feed rate: 1,920 mm/_min (Q.08 mm
of feed per cutting edgé), amount of cutting in axial direction: 8 mm, amount of cutting in radial
direction: 2 mm, fegg gatgupon 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 evaluatedTasvepoddiWEammptré Was coseared imahlerddamilhaftarhmachining, or
breakage was observed in an end mill during machining, these observations were recorded. The

results are sholkpinirgbl@ E ksanRis NBl FFstlgshtdrighd (& SEHnidashER g ed -

Specifically, a first nicked peripheral cutting edgs 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 amcunt was adjusted te 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 =dge was

considered a reference peripheral cutting edge, and the
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(.) Length of connection portion (mm) Percentage (%) Wear width (mm) Evaluation Invention Ekample
C115500329

remaining {second to fourth) peripheral cutting edges were
deviated from the above-obtained respective reference
phase=s. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 63 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&6 mm).

[(4218]

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 AS, there was produced an end
mill having nicked peripheral cutting edges of constant
rhase 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
referance phase [(i.e., 1/4 of the nick pitch of the
reference peripheral cutting edge) was adjusted to 0%.

[0215]

In Conventional Example A6, there was produced an end
mill in which the amount of deviation from the reference

phase in each nicked peripheral cutkting sdge was determined

116



0.05 Good 2 20500.72 9 0.04 Good 325500.729

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 cutbtting edge, and
the remaining {second to fourth) peripheral cutting edges
were deviated from the above-obtained respective reference
phases. In a second nick peripheral cuktting edge, the phase
deviation amount was adjusted te 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
fi.e., O mm). In a fourth nicked peripheral cuttcing edge,
the phase deviation amounk was adjusted Lo 2% of the nick
pitch {i.e., 0.02 mm}.

[0220]

In each of the end mills of Invention Examples A6 to
210, Comparative Example A2, and Conventional Exampiles Ad
and A6, nicked peripheral cutting edges were formed so0 as to
have the same separation angle.

Each of the rthus-produced end mills was subjected to a
cutting test employing a workpiece {(for hot working die
stee) SKD61 having a hardness of HRC 40) in the same manner
as in Bxample Al. Cuitting conditions and evaluation method
were the same as those employed in Example Al. The results

are shown in Table AZ.
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BTT

Phase deviation amount {mm)

. Phase .
5 £ F .
Sample Na. aparation o Second nicked | Third nicked | Fourth nicked | deviation Cutting Wear width | Evaluation
cutting edges \ length
perlipheral peripheral peripheral amount (%)
cutting edge | cutting edge | cutting edge
Equal
3] separation .01 0 0.01 1% S50m 0.10 mm Good
Equal o
7 separation 0.02 0 0.02 2% 50m | .08 mm Good
Invention Equal o
Bample A | 8| s eparation 0.02 0.03 0.02 3% som | 0.09 mm Good
Equal
9 separation 0.0% .03 0.04 Sha 50m | 0.12 mm Sood
0| Foua 0.02 0 0 2% som | 0.08mm | Good
separation
Comparative Equal 0 i .
Example A 2 separation 0.06 0 .06 6% 25 m Chipping
q Equa! 0 0 0 0% 15 m - Fracture
separaticn
Conventional Unequal
Example A 3 separation 0 G 0 0% 35m - Chipping
Equa! i -
6 separation 0.06 0 0.02 &% 25m Chipping

[zv a1qeL]
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(0222}

As a result, in the cases of Invention Examples A6 to
410, stable cutting was performed with reduced chattering
vibration, and wear width f£fell within a normal range even
after 50 m cutting. Particularly, in the cases of Invention
Examples A6 to AB and Al0, similar to the case of Example
Al, wear width was as small as 0.10 mm or less after 50 m
cutbing. However, comparison between the results of Example

in which the test was performed under

4]l and Example A2

indicated that the wear width of

the same conditions
nicked peripheral cutting edge i=s sliightly 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 skeel.

[0222]

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 Conventicnal Example A4, nick
pitches were provided at egual intervals, and thus
chattering vibration was increased, and fracture cccurred
upon 15 m cutting, leading to the end of the service life.
In the case of Conventional Example A5 (i.e., unegqually-

separated angles}, similar to the case of Example &1,
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chipping occurred upon 35 m cutting in a nicked peripheral
cutting edge with a groove of small separation angle.

[0224]

(Example A3)

In BExample &3, 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 A2, an end mill of Invention Example BAll was
produced in the same manner as in Invenktion Example A2Z
{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 A213 was
produced in the zame manner as in Invention Example A4
(Example Al).

[0225]

BEach 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 conditiona: rotaticnal
speed: 92,000 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 m cutting was
performed in a manner similar to that in Example Al. The

results are shown in Tabhle AJ.
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TZT

Phase deviation amount {mm)})
Separation of Phase Cutting
Sample No. cutting edges Second wavy | Third wavy Fourth wavy deviation erath Wear width
peripheral peripheral peripheral amount (%)} g
cutting edge | cutting edge | cutting edge

Equal

11 separation 0.02 Q 0.02 2% S0m 0.1 mm
Invention Equal

Example A i2 separation 0.02 0.03 0.02 % S0 m 0.1 mm
Equal

13 separation 0.05 0.03 0.04 5% 20m | 0.14 mm

LEV ®|geL]

[azen]
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[0227]

Az a resulk, in the cases of Invention Examples All to
413, stable cutting was performed, and wear width fell
within a normal range even after 50 m cutting; 1.e., kthe
zsame cutting length as in the case of Example Al was
achieved even through high-speed cutting. Particularly, in
the cases of Invention Examples A11 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 mm,
which i1s smaller than that in Inventicn Example Al3,

[0228]

{(Example A4)

In Example A4, 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 additien, since a large number of portions must
be ground for attaining uniform land width, a long grinding
Lime 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 mil} of
Conventional Example A2 (Example Al} {unequal separation).

The results are shown in Table 24.
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€2l

Phase deviation amount {mm)

Separation of ) Phase devialion N
Sample No. cutting edges Secorlcl wavy Th:rf:l wavy Fc-ur.th wavy amount (%) Grinding time
peripheral peripheral peripheral
cutting edge | cutting edge | cutting edge
Invention Equal 0.02 0 0.02 2 11 minutes
Example A separation ' ' ?
Conventional Unequal o .
Example A saparation J d 0 0% 15 minutes

[bv 2igel]
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[0230]

In the case of production of an unequally-separated
product, grinding of edge grooves reguires 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 liand width, a long grinding
time 1s reguired. In the case of Conventional Example AZ
fi.e., unegually-separated product}, grinding Lime was
prolonged by four minutes (i.e., about 1.4 times] as
compared with the case of Invention Example Al.

[0231]

(Example A5}

In Example 25, cutting test (groove cutting) was
carried out for evaluating chip removal performance. An end
mill of Invention Example Al3 was produced in the same
manher as in Invention Example Al (Example Al); an end mill
of Conventional Example A5 was produced in the same manner
as in Conventional Example A1 {Example 21}:; and an end miil
of Conventional Example 26 (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: retational
speed: 8,000 rotations/min {cutting speed: 200 m/min), feed
rate: 2,000 mm/min {0.06 mm o¢f feed per cutting edge}, and
amount of cutting in axial direcktion: B mm. For evaluation

of each end mill, feed rate was increased by 400 mm/min
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every 1 m cutting, and the feed rate at which breakage
occurred was recarded. When no problems occurred after
machining, mark "0" was assigned in the Table A5, whereas
when breakage occurred or when fracture or chipping coccurred
after 1 m cutting at any feed rate, mark "X" was assigned.

2 sample which attained a feed rate of 3,200 mm/min or

higher was evaluated as "good." The results are shown in
Tabrle RD.
[0232]
[Table A5]
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{0233]

23 a resulk, in the case of Conventional Example AB
(i.e., cutting edge with unequally-separated angles), when
feed rate is increased for groove cutting, chips becoms
large. When such large chips are jammed in a small edge
groove, breakage or fracture cccurs in the edge. 1In the
case of Invention Example A4, cutting was performed until
feed rate reached 3,200 mm/min without causing any problem.
In contrast, in the case of Conventional Example 47,
vibration was increased, and fracture accurred when Feed
rate reached 3,200 mm/min. In the case of Conventional
Example AB {i.e., cutting edge with unegqually-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
Jjamming of chips in edge grooves.

[0234)])

(Example A6)

In Example A6, 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-to-
weld workpiece (stainless steel 3US304). 2An end mill of
Invention Example Al4 was produced in the same manner as in
Inventicon Example A2 (Example A1), and an end mill of

Invention Example AlS was produced in the same manner as in
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2550 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 peiiien bebvedkasplencgasieauiface-and a thirdgashstirfahe causesyahiming of chips,
resulting in large fracture in the vicinity of the tool rotation axis of end cutting edges. [0300] In the
case of ComissrativerEramplefCr daattd dremall 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 irﬁﬁgﬁbﬁiof machining. In the case of Comparative Example C2, due to a large first

gash angle of 40, ri idrity téeé:lgrréeeinfugiciegésatnij Iargec]:ﬂ%(’&t%e og‘pégre(?aigfri% Micgﬂtly qf end.cutting
edges during latera -?eefmacﬁlnlng. A the Case 0 omparatlvg Example C3, due to a small second

gash angle ¢t35, ehipsowgregdifficnli e bsfemoved frough pegpheral catfing @dge grooves, and
jamming of chips occurred, resulting in fracture of peripheral cutting edges during lateral-feed

machining. kdthe chse of om parativel Egamplec@4, dusStord tatge sedamdigasttanglé o2 ®6, rigidity
became insufficient, and large fracture occurred in peripheral cutting edges and end cutting edges

during lateraimiéad mathirfitg M thE cisadorEsmBrisivE E-efdfes CouitnEs cdusty-& SRbrter

length of a connectjon portion between a second gash surface and a third gash surfacg, rigidity was
reduced in thE VAT ofIRE SERTETF e 01 aRiBar RAALkird edgRs Ak Geg

Rting ifi Tracture after
maCNan'directimn: 1 mm. For evaluation of each end mill,
peripheral cutting edges thereof were observed every 5 m
cutting. When neither fracture nor chipping occcurred 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 A6.
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[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.
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

[0302]
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In Invention Example C16, an end mill having the following
wawy peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was considered a reference peripheral cutting edge,

e 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]



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 peripherabaitying 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 cutiag ®dgeswithoui devihtorsfremsthe feferasedt pras EReupheentohal Exdmple
C5, there was produced an end mill having wavy peripheral cutting edges with different_separation

angles (i.e., 85695 ¥55 Bdighy antRdith sl BRiRien HorT e rER8RcE PRdsé 56588)1°° Min

Conventional Example C61‘1 an.end IHHI h ving %l%[ E}‘glloE\lggin% aV\éavytpDe_r_i‘gQ%al Tlggtltilg}gieedcggs was

produced. Sﬁ&%ﬁ&a @‘,’ a |r§ICv1(/1avlynper?the?a cutting edge Was considered a refefence peripheral

cutting edge ang the wmaipng{(secend to fourf) peripharaksuting gdoes were-feyategifeom the
above-obtained respective reference phases. In a second wavy peripheral cutting edge, the phase
deviation amaunt miasladjusted td 8% afAae miaveforrH pitely éirg., Q106 neany.rinwai thidd wefvy peripheral
cutting edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In
a fourth wawyipekiptie R thning el s tHe: pidbesdafidtiohnarhBy RN AS Bd S RSB0 % bP tHEa S
waveform pitch (i.e., 0 mm). [0309] In Caonventional Example C7, an_end g:%l havirﬁ%the fgllowing

wavy periph&RiFedting dtfgel wias Brbdutied- BhecTriciy HHirsy wil§ periph&eAf Butilg edBE was
considered a referenceipel%?gial {%%ggg%ﬁ%%ggg tq%rqmjgmi@ﬁc%r;{dd%fggrtm geripheral

cutting edge‘gaﬁé’repdeeﬂlﬁe rom ned respective reference phases. In a second wavy
peripheral cytting edgg, the phase deviatien aneHnNtWas adivstethtnG%of ghe-warefesm pitch (i.e.,
0.06 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of
the waveformpitchr(ge 2842 men)s lipa fdurth wavyw penpheraliciténg dgaitthé phasegieviation
amount was adjusted to 0% of the waveform pitch (i.e., 0 mm). [0310] In Comparative Example
C7, an end iwslicevisd tHee R mgia A p EfBHET A CUMfhe e SR a8 BRodtILER. 8fecifically, a first
wavy peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fSGRAY e pRefd Totting edges were  deviated from the above-obtained respective
reference phases. Iflozﬁ%ﬁond wavy peripheral cutting edge, the phase deviation amount was
adjusted to 6% of the wavéeform pitch (i.e., 0.06 mm). In a third wavy peripheral cutting edge, the
phase deviation amgghm@seadiusted 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] In Example Bl, particularly, the optimal amcunt of

deviaticn of nicked peripheral cutting edges from the
respective reference phases was determined. In Invention
Examples Bl and B2, Comparative Example Bl, and Conventional
Examples Bl and BZ, end mills, each having four cutting
adges, were produced from a carbide base having a Co conktent
of B wt.% and a mean WC grain size of 0.8 pm (tcol diameter:
8 mm, cutting edge length: 16 mm, helix angle: 45° fotal
length: 70 mm, shank diameter: B8 mm).

[0239]
In each of the end mills of Invention Examples Bl and

B2, Comparative Example Bl, and Conventional Examples Bl and
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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-contaifihg (TIARMN eempouneif@sil Zuch Thbdypa dt& wotkpibcaracuttingnegnditiens, and the
shape of machining were the same as in Example Cl, and evaluation of each end mill was carried out
in the sameGHANTEr3&an B&ikte &Y. S¥edfiddny laraidorhaorreranedomareisrtisthrough

machining, thae'C e%r.vg tmgfserbd E%tgn% eggea was measured ac.pd recordeg. In Conventional
Example C7-35% WHich the &hdl mil\Was protiticéd Tront RighShead bt Etel, M Ras Pefdrmed

under muchydy sRodlians than fioseamaleyed {af testingasl,a cabiderend gy exiigiafional

speed: 1,200 rotations/min (cutting speed: 30 m/min), feed rate: 150 mm/min (0.03 mm of feed per

cutting edgeyi amopptabeidtipg Fradal diteciaats Aimxamadnt Qfcutting.in ragial direction: 2 mm,
feed rate upon oblique cutting: 70 mm/min, and tilt angle: 10. The results are shown in Table C2.
Sample NocBastsiar miliSasaftion of eutting edigemPhasardévidtienderdimtqmnezch

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 conneckbed to the tocl-
shank-side rounded portion therecf {curwvature radius R2) via
a straight portion. Each of the end mills {sample) was
ceoated with a hard coat including an intermediate layer
formed of TialSiN, an innermost layer formed of Ti&1N, and
an outermocst layer formed of TiSiH.

[(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 gquartering the nick pitch of the
reference peripheral cutting edge. In a second nicked

peripheral cutting edge, the phase deviation amount was
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Phase Wear width (mm) Evaluation = Second wavy peripheral citrino (-doe Third wavy peripheral
cutting edge

adjusted to 1% of the nick pitch (i.e., 0.0} mm}. In a
third nicked peripheral cutting edge, Che 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 mmj.

[0241]

In Invention Example BZ, an end mill having the
follewing 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-abtained respective reference
phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pitch
fi.e., 0.02 mm). In a third nicked peripheral cutting edge,
the phase deviation amount was adjusted to D% of the nick
piteh {(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 mmj .

{0242]

In Invention Example B3, an end mill having the
following nicked peripheral cutting edges was produced.
Specifically, & 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
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Fourth wavy peripheral cutting edge deviation amount (%) Invention Example C 13 Carblde Equal
separation 0.01 0.0101

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 Cthe nick piktch {(1.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 sdge was
considered a reference peripheral cutting edge, and the
remaining (second to fourth) peripheral cutting edges were
deviated from the above-cobtained 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 deviaticn 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
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deviated from kthe 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 cukting
edge, the phase deviation amount was adjusted to 0% of the
nick pitch (i.e., G mm).

[0245]

In Comparative 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 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
piteh (i.e., 0 mm}. In a fourth nicked peripheral cutkbing
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
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phase {(i.e., 1/4 of the nick pitch of the reference
peripheral cutting edge) was adjusted to 0%.

[0247]

In Conventional Example BZ, there was produced an end
mill having nicked peripheral cutting edges of constant
rhase deviation amount with different separation angles
{(i.e., 95% 85°, 95°, and B85°), 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%.

[024B]

In Conventional Example B3, there was produced an end
mill in which the amcunt of deviation from the reference
phase in each nicked peripheral cutting sdge was determined
as in the case of the end mill as described in Patent
Documenkt 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 EFrom the above-cbtained 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 Bl to
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B5, Comparative Example Bl, and Conventiconal Examples Bl and
B3, nicked peripheral cutting edges were formed so as to
hawve the same separation angle.

[0245]

Each of the end mills was subjected to a cutting test
{service 1life Ebest) employing a workpiece {die steel SED61
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]

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. When fracture or
chipping was cbserved in peripheral cutting esdges of an end
mill before 50 m cutting, cutting was stopped upon
obhservation of fracture or chipping, and the cutting length

was recorded. The results are shown in Table Bl.
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4 Carbide Equal separation 00 0 Fracture 5 Carbide Unequal separation 0

9tT

Fhase deviation amount (mm)

Separation of Phase cutting Wear width
Sampla Mo, cutting edges Second nicked | Third nicked | Fourth nlcked devintion length (mm) Evaluation
peripheral peripheral periphearal amount (%) | {m)
cutting edge | cutting edge | cukting edge
Equal 0.01 0 0.01 1 50 01 Good
saparation
Equal
separation 0.02 0 0.02 2 50 0.08 Good
Invention Equal
Example 8 separation 0.02 0.03 0.02 3 50 0.09 Good
Equal 0.05 0.03 0.04 5 5o | 012 Good
separation
Equal
separation 0.02 0 0 2 50 0.08 Good
Comparative Equal ] o
Example B separation 0.06 0 0.06 6 25 Chipping
Equal 0 o 0 0 15 - Fracture
separation
Conventional Unequal ]
Example B separation 0 0 o 0 33 Chipping
Equal i -
separation 0.06 0 0.02 & 25 Chipping

[19 =1ge1]

[tczol



000 Chipping 6 Carbide Equal separation 0.06 0.02 0 6 Chipping

[0252]

2= a result, in the cases of Inventicon Examples Bl to
BE5, stable cutting was performed with reduced chatbering
vibration, and wear width fell within a normal range even
after 30 m cutting. Particularly, in the cases of Invention
Examples Bl to B2 and BS5, wear width was as small as 0.10 mm
or less after 50 m cutting. In the cases of Comparative
Example Bl and Conventional Example B3, the amount of
deviation from the reference phase was large, and thus a
large cutting leoad was applied to a nicked peripheral
cutting edge with large phase deviation amount, resulting in
cceurrence of chipping upon 25 m cutting. In the case of
Conventional Example Bl, nick pitches were provided at egual
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 Convenktional Example BZ
{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 B2Z2)

In Example B2, particularly, the optimal shape of
nicked peripheral cutting edges was determined. In
Invenkion Examples B§ to B23, Comparative Examples B2 and
B3, and Conventional Examples B4 to B7, end mills each
having four cutking edges were preduced from a carbide base

having a Co content of 8 wt.% and a mean WC grain size of
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7 High-speed tool steel Equal separation 0.06 0.02 0 6 Breakage Comparative Example C 7 Carbide
Equal

0.8 pm (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 fellowing nicked peripheral cukting edges.
Specifically, a first nicked peripheral cutting sdge was
considered a referen;e peripheral cutting edge, and the
remaining {(second toc fourth) peripheral cutking edges ware
deviated from kthe respective reference phases of the
reference peripheral cutbtting edge, wherein the distance of
the reference phase is a wvalue 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 deviabtion 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 TiAl31N, an innermost layer formed of TiAlW, and
an outermost layer formed of TiSiN.

[0255]

Nicked carbide end mills of Inventicon Examples B and
Comparative Examples B were produced by warying the

curvature radius Rl of a tool-end-side rounded portion of
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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.£hatteringyibtaiionamasreaduced hydinesuREseparatidry@hdsdrendéoreade portion was
formed through machining. However, chips generated by end cutting edges during oblique cutting
were jammertinsiesl Groovésdf peripehl cuttig eddes, destitngih cettrrenis bf cAMPBing. [0316]
In the case of Conventional Example 06, the amount of deviation from the reference phase was as

large as 6% 3Rd AEPEhISTinG RBEFEGTh FERtRerArdtiilg 8d G- hiRRThE heS%iESt load was
held. In the Cas?(ofal%%n\ﬁ%ﬂOQQEE&%'HBE}';QE"tﬁé GP%JEHJEW@M%W%CEHQ%Ehgh-speed tool

steel, exhibited Tow {00l rigidity, and breakage occurred during oblique cutting immediately after

initiation of gutting dn the-paseobampalativefaxanplednt SHREAr Examples B were
produced so as to have shapes as described in Fatent
Documents 2 and 4.

[0256]

&5 shown in Table B2, end mills of Inventicn Examples
B&, B7, BB, and B2l were produced by varying the shape of a
portion connecting the bottom end of each nick and the tool-
shank-side rounded porkion of the nick, wherein the
curvature radius Rl 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 RZ2 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 te ¢.025 D {(0.25 mm).

[0257]

End mills of Invention Examples BS to B20 and B23 were
produced such that the bottom end of =ach nick was connected
to the tool-shank-side rounded portion (curvature radius R2)
of the nick via a straight peortion. In Inventicn Example B9,
the curvature radius Rl 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 toeol-shank-side rounded portion of each nick

was adjusted to 1.6 times the curvature radius R1 {0.16 mm],
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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 Govvehlienaisdampié Gk, uiheluakyssephrateceprodact) wisSprodyded f thelsame
manner as in Conventional Example C5 (Example C2). Each of the end mills was tested to investigate
feed rate limit by uéiﬂﬁ%@rhctural steel as a workpiece. [0318] In Invention Example C18 and
Conventional Examples C8 and C9, end mills having four wavy peripheral cutting edges, were
produced from a crgr%i e 1"raesrtl-:'ntF;Létjvl}ngE ats Iioénigi df%%}v 96 ah %tr)élg n ¥9EYi5in'siz&6f 6.8 'm

(tool diameter, 5 mippUitingedgs,iength: 16 pm, fotgklengtty, 70:mmp, shank diamater; &mm,
waveform pitch: 1 mm, helix angle: 45) Each of the end mills (samples) was coated with a hard coat
formed of afl Sktobtajing (fid)N ecrapeundrLGuitieg eadditienkwersras fallows- sotatignal 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 8AREINEEMEAESY PraddidircefiosaemmioR18pForepigdtnt dfeeathtendimilk: feed rate
was increased by 350 mm/min every 1 m cutting, and the feed rate at which breakage occurred was

recorded. WiEh 5 HYSHIARE oEeGriés altér acAmifgt ratifgieh s 4&8dHed fvif€ls when
breakage og Lgﬁeqqgr when frg fuce or cBipBE@ Qgc ére%lgafter 1 m cutting at any feed rate, rating "X"
g d mlﬁav%lc% 51 : g m |)

was assigned. An en id not cause any problé ough cutting at a feed rate of 4,200
mm/min or higher wag syaluated as "good." The results are shown in Table C3.

In Invention Example Bll, the curvature radius Rl of a
tocl-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 1.5 times
Ehe curvature radius Rl (0.3 mm}, and the depth of each nick
was adjusted to 0.025 D {0.25 mm).

[0260]

In Invention Example B1l2, the curvature radius Rl of a3
tool-end-side rounded portion of each nick was adjusted to
.02 b (0.2 mm}), the curvature radius RZ of a tool-shank-
side rounded portion of each nick was adjusted to twice the
curvalbure radius R1 (0.4 mm), and the depth of each nick was
adjusted teo 0.025 D (0.25 mm).

[0261]

In Invention EBxample Bl3, the curvature radius Rl of a3
tool-end-side rounded portion of each nick was adjusted to
0.02 D (0.2 mm), the curvature radius RZ of a tool-shank-

5ide rounded portion of each nick was adjusted to 1.7 times
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[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 amothtofcdewstionref thedéfeserite plihsedvaeiietermihedhia nicketperiphetatitutting
edges. In Invention Examples C19 to C23, Conventional Examples C10 to C13, and Comparative
Example C8Né&th BEtheshiFirRWALpRdtited sébh hdt™ first gash angle was 25, a second gash
angle was 50, and trg Ig% th 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 picked periphgratcuttipg edges wasprodyeed, Sesificaliv. asfing nigked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fawd)Raipheialcutiingnetigesprerei daviatedfaam the tespestve tefaenea phases of the
reference peripheral cutting edge, wherein the distance of the reference phase is an amount
correspondifig fxaMalle. ebtmimbe Byhequailly Gabresng #tbibiek pack bf thetrefdreabé plripheral
cutting edge. In a second nicked peripheral _cutting edge, the phase deviation amount was adjusted to
13 of the nicRisEh{PERBI RAHL#PR titfd FRkdh Pefishetarc i 8858 the phade tblfion
amount was_adjusted to 1%_ of the nick pi CE{] (-.,-0,01 mm). In a fourth pnicked pegpheral cutting edge,
the phase dE0SIGL AV RLAF Gat Sted D 00y o it hlck S (e o ek TOTEAR =2 nvention
Example C2Q; ap epd mill haying-thedallowipg nickegl peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was considered a reference peripheral cutting edge,
and the remaining (G264 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%t tH@ iRk piten (E&a0mPem 2in & firdavieked padpheislidigtirgledde, ahe
phase deviation amount was agjsléésted to 2% of the nick pit%r%%.e., 0.02 mm). In a fourth nicked

J

peripheral chRIRY B4y e sh FRURAR S R hdGR Wis 580846 08 B P HiRR bRch 2., 0 mm).
] as UM ieO AR T2 <A R Ul baviao taa ollowias s peURnSLAng

edges was produced. Specifically, a first nicke cutting edge was considered a reference
peripheral cytfing edagnand the remainingf(seaend toiforrthhpedRNpigk@itingedges wefpdeviated

from the above-obtained respective reference phases. In a second nicked peripheral cutting edge, the
phase deviatihe amowd wassadjastibd1o RY ¢fitheicknpifchafia. thé2 dep) hn athied aicked
peripheral cutting edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e., 0.02
mm). In a fouiicked gelibhetatuithdPedye the pRage dBRation amount was adjusted to 3% of
the nick pitch (i.e., ?DOESET]m). (0326]
In Invention Example Blb, the curvature radius Rl of a
tool-end-side rounded portion of each nick was adjusted to
0.033 D (0.33 mm}), the curvature radius B2 of a toocl-shank-
side 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) .
[0Z063]
In Invention Example Bl7, the curvature radius Rl of a

tool-end-side rounded portion of each nick was adjusted to

Q.02 D {0.2 mm), the curvature radius R2 of a tool-shank-
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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 nickegiiskstipheraldetineretyes the phasecteviawon ameuatiias eilisted fo- 306taimees nick pitch
(i.e., 0,03 mm). [0327] In Invention Example C23, an end mill having the foIIowmg nicked

perlpheral A FEAGERNES pRafiiea. BhedifcdR, Wifkqt RO d-B& P A Rin £EFSE was

considered a;referen %e p&H ugecral Leytting, egg% %pd ezrgmalr]mg (second to fourth) peripheral
cutting edges were eV|at fom the above-0 talne respective reference phases_ In a second

nicked peripheral quitirg; €dge, 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., inmin)vana faurttExisked peBiligrat tisiting edgenthe phasedeviatioafnount was
adjusted to 0% of the nick pitch (i.e., 0 mm). [0328] In Conventional Example CIO, an end mill
having nicke@pkripherat Edgingdagdsdidrtt deramdn frorfthelieferdace pRasskad pFsduced.

InC t E le,C11, d mill h ked heral cytti d ith diff t
ceparation 0GP 1.6 155, 980 ot HRa 943 ERAURROLLBEVAIGR Hom e ErierdHikase was

produced. (9323] o Jn&ansatanalExamRle G12, 20 endmilauing te following rygked.peripheral

cutting edges was produced. Specifically, a first nic peripheral cutting edge was considered a

reference peripheriat-sutting €dgadand thel remamingfsecand te feurtyperipberat setling gdges were
deviated from the above-obtained respective reference phases. In a second nicked peripheral cutting

edge, the phase sdvmtitrdmound wadadjustéd s 6%mdf.the nick pitch (i.e., 0.06 mm). In a third
nicked peripheral cuttln% edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 ram). In a foukfrifidied peripheral cutting edge, the phase deviation amount was adjusted to 0%

of the nick pitch (| OImm 330] ﬁ,i n g t|o Exam le C13, ane d mill £ the
following nicked perlphera ¢u ng e p¥ Uced. %p‘ég cﬁﬁ_&}”éeﬁrgta %klgds rlﬁ%ral cutting

edge was c@&ét@%@ﬁﬁé&@@%@%@lﬁy&m edge, a0y the Lgmaining, (pacopd fo fauirth)

peripheral cutting edges were deviated from the above-obtained respective reférence phases. In a

second nicked pefiphgratzcuiting edge, tha phasa gevinlign @ emt yassadjusied 4@ 8fa-of the nick
pitch (i.e., 0.06 mm). In a third nicked peripheral cutting edge, the phase deviation amount was

adjusted toRdof thainidk@itpie fite. 0. 02 Ineg.cin arfookthwEskediperyilmdaltcutting’ edigeyaise phase
deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm). [0331] In Comparative

Example CB'&n %‘hﬁvrﬁﬂqﬁ?/lri@aﬂé%llcﬁ%né%(ﬁéd@é‘rrph%’ﬂéi ctitthFedfds Wés Brodhuced.
SpeC|f|caIIyIzl a JLStJQ%k %er & heral cutténgbﬁgge]w?g 08 mm) .

[0268]

In Invention Example B20, the curvature radius Rl of a
tocl-end-side rounded portion of each nick was adjusted to
g.02 B (0.2 mm}, the curvature radius RZ2 of a tool-shank-
zide rounded porticon 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 Q.07 D (0.7 mm).

[0269]

In Invention Example B21, the curvature radius Rl of a

tool-end-side rounded portion of each nick was adjusted to
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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,
Conventiond Eénkbld§ CA 0o IG1 2 e d0aHp R e T@ipte B8, @hd ille rkeré prdtiiced from a
carbide base having a Co content of 8 wt.% and a mean WC %rain size of 0.8 . In Conventional

X R
Example 01318f eh@4Rf SHhPBHEIEE FOnER FyPdSEed 38! SBdM5AET ER%h of the3Nd fills was

produced sq.gg 0.3y [y picked Aeriphera) suding gaaes (iag! diameier &y qulling edge
length: 16 mm, tota 0

ength: 70 mm, shank diameter: 8 mm, nick pitch: 1 mm, helix angle: 45"). Each of

the end millg {samplgs) was ceated with 8 hawd coat formed ahan SiscontaiBingdFe)Nrsempsund.
[0333] The type of a workpiece, cutting conditions, and the shape of machining were the same as

in Example Eicand-evgluation af 2azhendrmilivigs odrried ofd dethewsaree hrarmed asdn Example Cl.
Specifically, after formation of one concave portion through machining, the wear width of end cutting
edges was freastiredliandretdmid. iR Consamichab ExaMplé Tl 3zirswArRdha=2rl it $ia
produced from highspeed tool steel, cutting was performed under much milder conditions than those
employed féthedt g of a carbide end mill; i.e., rotational speed: 1,200 rotations/min (cutting speed: 30
m/min), feed rate: ]f%(% /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 resylts@areshonenngabig C4. p3ampishobBasenof end roll Sepatatioicef

was connected to the tool-shank-side rounded portion
fcurvature radius RZ} of the nick via a concave arc portion,
wherein the carvature radius Rl of a tool-end-side rounded
portion of each nick was adjusted ke 0.01 D (0.1 mm}, the
curvature radius R2 of a tool-shank-side rounded portion of
each nick was adjusted te 1.3 times the curvature radius Rl
{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 &, except that the
curvature radius RZ of a toecl-shank-side rounded portion of
each nick was adjusted to be egqual to the curvature radius
Rl 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 Rl of a tool-end-side

rounded portion of sach nick was adjusted te 0.034 B (0.34
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cutting edges Phase deviation amount (mm) Wear width (mm) Evaluation  Second nicked
peripheral cutting edge Third nicked

mm), and the curvature radius R2 of a tool-shank-zide
rounded portion of each nick was adjusted to 0.2 mm; i.e.,
the curvature radius R2 was adjusted s¢ as to be smaller
than the curvature radius Rl 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 mill 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.

M273]

In Conventional Example B35, an end mill was produced
such Chat 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 mill was produced
in the same manner as in Conventional Example 4, except that
the curvature radius Rl 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
Rl (i.e., 0.05 mm).

[0274]

In Conventional Example B6, an end mill was produced
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peripherat cutting edge Fourth nicked peripheral cutting edge Phase deviation amount (i3.6)
Invention Example C 19 Carbide Equal separation 0.0/

such that each nick was formed to attain the shape described
in Patent Document 4, in which a connectbion porticon hetween
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 egqual
betweaen the tool end side and the tool shank side {(the nick
shape 1s shown in FIG. 21}, Specifically, the end mill was
produced in the same manner as in Invention Example B&,
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 tool-
end-side rounded portion.

(06275]

In Conventicnal Example B7, 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 porticon via a curve parktion
concaved toward the nick. Specifically, the end mill was
produced in the same manner as in Invention Example Bé&,
except that rounded portions were not provided on the Eool
end side and the tool shank side of each nick.

[0276]

In Table BZ, "straight connection" refers to the shape

of esach nick in which the bottom end of the nick is
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0.01 10.1diM Good 20 Carbide Equal separation 0.02 0.02 0 2 0.09 Good

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 1s 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 porticn and a curve
portion convexed toward the nick: and "concave arc " refers
to the shape of each nick which is shown in FIG. 18
{conventicnal 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 conditicns. A stainless steel
305304 block material was provided asz a workpiece. Cutting
was carried out under the following conditions: rotational
speed of the nicked carbide end mill: 4,000 rotations/min
{fcutting speed: 120 m/min}, amount of cutbing in axial
direction: 10 mm, and amount of cutting in radial direction:
4 mm. A water-soluble lubricant was employed for cutting.

[0278]j

In the case of a conventional nicked carbide end mill

of this type, an average feed rate for securing an average
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21 Carbide Equal separation 0.02 0.02 0.03 3 0.09 Good 22 Carbide Equal separation 0.05 0.04

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 1s twice
or more that of a conventicnal end mill).

[0Z275]

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 ¢f a workpiece reached
4 um or more, and the feed rate at the time of stopping was
recorded as feed rate limit {mm/min}.

[0280]

Iin the case where a problem {e.g., chipping) did not
cccur in an end mill, and the average roughness Ra of the
machined surface of a workpiece was 4 pum or less at the tTime
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 cccur 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 Che 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
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0.0350.14 Good 23 Carbide Equal separation 0.02 0 0 2 0.08 Good Conventional Example C

|

or the average roughness

d mill,

in an en

chipping occurred

Ra of the machined surface of a workpiece exceeded 4 pm at

the time when the feed rate limit was less than 1,000

the average machined surface roughness Ra was

mm/min,

and the end mill was evaluated by rating

reacorded thereupon,

Table B2 shows the specificaticons of the end mills

IICC . n

samples tested and the results of the test.

[0281]

[Table B2]
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10 Carbide Equal separation 0 0 0 0 Fracture 11 Carbide Unequal separation O O

[0282]

As a result, in the cases of Invention Examples B6 to
B23, neither chipping nor fracture occurred, and the average
surface roughness Ra was 4 pm 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 Bl4 and B23, no problem (e.4d.,
chipping) occurred, and the average machined surface
roughness Ra 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
af surfages, the best result was obtained (i.e., feed rate
limit of 2,200 mm/min}.

[0283]

The data of Invention Examples B&é te B8 and B2l
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
R2Y 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 wvia a
straight portion.

[02B4]

In the case of Comparative Example B2, chipping

accurred at the time when the feed rate was BQO mm/min.
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This indicates that strength becomes insufficient when the
corvature radius Rl of a tool-end-side rounded portion of
each nick is equal to the curvature radius RZ of a tool-
shank-side rounded porticon 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 um). This indicates that when the curvature
radius of a tool-end-side rounded portion of each nick is
greater than that of a tocl-shank-side rounded portion of
the nick, a force of pressing the machining surface teo the
tool-shank-side rounded portion becomes larde, and thus
line-shaped marks are formed on the machined surfaca,
resulting in large average surface rounghness Ra.

[0285]

In the case of Conventional Example B4, chipping
ovcurred upon machining at a feed rate of 500 mm/min, and
the average surface roughness Ra became 4,54 pr. In the
case of Conventional Example B7, chipping occurred at a feed
rate of 400 mm/min, and the average surface roughness Ra
became 4.54 pn. 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 B5, in which sach
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nick was formed to have the same shape as in Conventional
Example B4, and rounded portions were provided on the kool
end =ide 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 B6é, 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 Rl of a bool-
end-side rounded portion of each nick is egqual to the
curvature radius R2 of a tool-shank-side rounded portion of
the nick, strength is not enough, and when a portien
connecting each nick and a corresponding peripheral cutting
edge has a concave shape, strength of the peripferal cutking
edge is further reduced, and chipping occurs,

[0287]

As is clear from the data of Example Bl and Example EBEZ,
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
alsa found that cutting at a speed considerably higher than
a conventional cutting speed requitres 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 C1}

In Example Cl, the shape of gashes suitable for the
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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 ope cpncave portion through machining of peripheral cutting edges. In
the case of Egrli-\%)elnc%n%r‘éxénrﬁpflg (ﬁg,%ﬁgtt T T Fatidh "R EE Fe el 15-unddifal €8hration, and

one concaygpaH R ¥as 5rBed dHiaughdn Ao, Ligweyst. s gengrated v end guting edges

during oblique cutting wereé jammed in small grooves of peripheral cutfing edges, resdrftllﬁlg n

occurrence @hehippidgr{0BB6h £ tlhetheeaseraf GonveRtiona Examplehdley e oyt of deviation
from the reference phase was as large as 6%, and thus chipping occurred in peripheral cutting edges

to which thedfEAasE iseRdas At dethenchgeidfIC draveitignakcE xampld 035 hesand aiis which
was produced from highspeed tool steel, exhibited low tool rigidity, and breakage occurred during
oblique cuttﬁg?ﬁ%&#ﬁe%@ﬁﬁiﬁaﬁ?%&tﬁﬁﬁg.Jiﬁ i@ Egsd oPeerRidtve Exariplieddlo, similar
to the case facs‘ n\{%gi al Example C12, the amopnt of deviatign.from the reference phase was as
large as G%gang thus C |p&ﬁ8€jb%cﬁrsfe5' i Bé‘rlplheecrél Sittifig 55@%%?0ewﬁﬁﬂ fid htaviest load was

held. The regulis pbiaiRediin the cages phearide-end s agving pigked pesipheral guﬁﬁgﬁdges
were almost the same as those obtained in the cases of end mills having wavy peripheral cutting
edges (Exappter€ae40337]t he Exampi¢s=Dshonindeelow infablesaresclassified inta avention
Examples, Conventional Examples, and Comparative Examples, and samples in Invention Examples,
ConventiondBEgshiplEE a5y GHmpandive Bdéaniplagare mpredaladd dy senial sunibetsoim i
below-descrigted Tables D1, D2, and D3, the composition of an innermost layer, an outermost layer, or

an intermedtats IA7EFASHTAG b 1758 Coht Rirebhéseit By hfomic% (inside of parenthesis) or atomic

proportion (outside[(y_{z@g nthesis). For example, the composition of an innermost layer forming a
hard coat of sample No. I shown below in Table D1 is represented by the following formula:

(Ti45-A155)N. Thisteprasematioreigiadprseornours eantainig, Td5eA LS i-6ey {83 o s
atomic%)-Al (55 atomic%)) and N in atomic proportions of 1 : 1. [0338] (Example D1)
Cl to €3, and Comparative Examples Cl to €6, end mills, each
having four wavy peripheral cutting edges, were produced
from a carbide base having a Co content of B wt.% and a mean
WC grain size of 0.8 um (tool diameter: 8 mm, cutting edge
length: 16 mm, total length: 70 mm, shank diameter:; & 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 {TiZi1)N compound.
[6280]
In Example Cl1, each end mill was produced =o as to hawve
the following wavy peripheral cutting adges. 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
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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 pifehE M, #éig anflke 53 Eakh ®f HEERF 7RIS Wab REbfet i oNr Euttiig $8st
Conventional Ex le D4, an end mill having, four wavy peripheral cutting edges was. produced from
high-speed f%o}(gljen'&(ﬁ t(ﬂér%%fgr]:jg rﬁrﬁ}lg%lltll?xg %Ldag %nrggﬁgl lrjrl]em,wt%?ra? lge%lérghp %(j%r%hm,os ank
diameter: 8 mym, wavefouy pifch: I mip.d1elix angle: Ap9) <kg.end fill wasalsa gubiegied to a cutting
test. [0339] In Invention Examples D1 to D5, Comparative Example D1, and Conventional
Examples Dide {¢hdiardenie evalyateitne, shape effect of wavy petipierateutting 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 eshitisdledinga BN riermosareseand RIGSIN ddtefmestlafer) malcept ¥6r the end
mill of Invention Example D4, in which a TiAISIN, intermediate |layer was employed. In each of these

Examples, th&hafH #eavESfobRREGH L BHdSIR BF&ethrdulh BRafrdfye Bhisihting. In
Comparative Example 02, sélﬁfaceé‘raec?tmgnq\_g/ag PO{ﬁ(gpljﬁa% i%di—q% pi 5 ghln\/_elrn@on Eﬁample D1, an
o)

. IO [= = 1S . r ] .
end mill having he oI"i’owmg vaavy peripheral cutting eédges was produced. Specifically, a first wavy
peripheral cyfting edge was sopsideresa, referencreiivheral eulinoLdge, and she rermaining
(second to fourth) peripheral cutting edges were deviated from the respective reference phases of the
reference peliphiesal ichitingredge, whetebndiha distande olthewéferbrcosphasiisrarpearhount
corresponding to a value obtained by equally quartering the waveform pitch of the reference
peripheral cding edge: fi¥a®Btend 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 amdtft Was adjusted to 01 of the waveform pitch (i.e., 0 mm). In a fourth wavy
peripheral cutting efige. e phase deviation,amouqt was adjusted tedas ot the yavefpup pitch (ie.
0.01 mm). [0341] In Invention Example D2, an end mill having the following wavy peripheral
cutting edges;was,grodsiced. Snecificpllysa firshwaw Resiphere) cutting adgesyas considered a
reference peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were
deviated froirethetabove-abtained #espisntive oefetenceSphdsebwirea secawbwady gedpheral cutting
edge, the phase deviation amount was adjusted to 2% of the waveform pitch (i.e., 0.02 mm). In a third
wavy periph@¥dl Eeempadhe R iTFAsERRNIH8E ErrsuntIms atitsEado b% oftrefvditorm pitch
(i.e., 0 mm). In a fourth wavy peripheral cutting edge, the ]ghase devjation amount was adjusted to 2$

ZL]W ) Sl

of the waveformipifthdFE L2 thnd): 10 InGENGOH Example D3 an eiid mill having the
following wayyneyriphgral eutling §does wag, pidiced. mpeeilcally, adirstavavyipariphgralputting

edge was considered a reference peripheral cutting edge, and the remaining (second to fourth)

peripheral cggi&g&dggéﬂ/gergcgﬁylﬂ%@frgm the=abeye-obtedred 3@speciiyg reference phases. In a
second wavy peripheral cutting edge, the phase deviation amount was adjusted to 2% of the
waveform pitefsfi@ct(.02 Iym).and, third Wemypperiphér citimgsdee, e pirabeCdavidtionsamount
was adjusted to 3% of the waveform pitch (i.e., 0.03 mm). In a fourth wavy peripheral cutting edge, the

phase deviggioalnmairaiasiadjested 19 2956t te waVeford pieh (.8 TreE e 10343]
[0252]

In Invention Examples €6 to C5 and Comparative Examples
€3 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 toeol

rotation axis. In Invention Examples C6b to C9, second gash
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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). IRBISGh Wat§ perpHerafeuttifg £0ge, #7e phase detiatioPlamornswas alialat to 4% of

the waveform pjtch.(.e»0.04 mm), [034, n Invention mple D5, an end mill_having the
following Wa%%'eriﬁﬁe%%%ﬁﬁﬁan%ﬁ%%s%aasmﬁ)r%%ﬁce : ?ﬁe‘%ﬁxﬁ%‘lly,sae ﬁ?s?@va%@sp%r%ﬁgria‘?g%utting
edge was considergd-fJeferance, Paaphera) cyging %%%@wimegmaining (second to fourth)
peripheral cutting edges were deviated from the above-obtained respective reference phases. In a
second wavy peripfié®8dtting 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 th& WeBfdHmLpicHEF ML C Pa fsurth waay Behipheraratiting edge, the phase
deviation amount was adjusted to D% of the waveform pitch (i.e., 0 mm). [0345] In Invention

Examples DB1HLEInE phasd dediatitn hiotint @458 ARAG) Belipiedfititihgeds8s dPeach
example w justed to fall within a_preferred range of the present invention (p.e., 2$ to 3%), and the
end mills o?%ﬁzcgelzé E)%%nég}éaé \\/%?e%rpéu#e%%eeed %agiffer'g%]tl%&r gc(ztifjre<'%]1t|[5r?1/ézntsP H.e.f,né'}o%ltliﬁé%}th different
hard coats) Ekniiilsdreated epdmills were sybiggied te@ eutting testengaghafthe rsustace
treatments, a hard coat was formed of a composite layer through arc discharge ion plating. The
composite |iydriese farnsedwitt |gyersetertda fremaant innermbstlayers ansautérmestuayer, and an
intermediate layer as shown in Table DI. A hard coat having no intermediate layer in Table D1,
two-layer h&FaToRENAEFeinéorat fhekRostlaydPdnd anduldtingzfIdee hving the compositions
shown in Table D1, or stacked layers aof the coat Wer% forTed t’?/ re eating the aforementioned

compositioncglveﬁéer%?nratalgagfetﬁ R st ThyEP End A5 oGRRTAbLPRY BFhsve tetohfbositions
shown in Tahle DA 1034Ql. £ aive xample Pi,an endmill having he fallawing, wavy

peripheral cutting edges was produced. Specifically, a first wavy peripheral cutting edge was
considered pdeterencesgeiphniakeutingedge.angkibie reiainioe (sereng tereudh)pespheral
cutting edges were deviated from the above-obtained respective reference phases. In a second wavy
peripheral céttintpatyeyaite phasedévistdryamdimswad adiudiéd tn6%636f the wahefdrowpiteh (i.e.,
0.06 mm). In a third wavy peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the wavefori BRET6 . FF nfm2 FiLa$6ufiF ARV pRribRerkI EGRg belyeathSphase deviation amount
was adjusted to 6(er ;H’ 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 prodygedan,ent mithhavipg wavypesiphers| anﬁ‘%%gfﬁgfpﬁgtagtﬂgﬁ% deviation

amount, wherein, in each wavy peripheral cutting edge, the amount of deviation from the reference
phase (i.e.gl/4rpfihgy navelormspitehhaf theveirfence PeHRRErgLGHtRG pegelwas adjusted to 0%.

In Conventional Example D2, there was produced an end mill having wavy peripheral cutting edges of
constant pHasediavidion dmoGrnwitm tiffenadt Separation difylesi(i.esr@b,8b] D5waisd 85), wherein, in
each wavy peripheral cutting ed%% the amount of deviation from the reference phase (i.e., 1/4 of the

waveform pRERGF HReretrente PoripA¥al Ebfin§ VMR eFRRS Hhirtéd #5108 described

in Patenbt Document &, in which the length of a connectian
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 rotaticon axis, a first gash
angle was adjusted to 25% and a second gash angle was

adjusted to 50°. In Conventional Example C3, an end mill

was produced so as to have the same specification as shown
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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 waveforrrégitch g.e., 0.06 mm). In ahthirgl wavy plerigh Bal cgfttiarllg edge, the
phase deviafidn Bfount was fttad 1654 B HE waveldtnt Bitéh (.60 My 1n & Folirth wavy
peripheral cufting edge e, pliase deviafion amaunt was.adiygted 49 2% of thewavefgyn pitch (i.e.,

0.02 mm). [O%%Isl—) In Cohventional Example D41 an end mill was produced from high-speed tool
steel in the same AManaek as i E9p¥ERtiana) BxasmpiaiDB~Each skthegewngd rals produced from
high-speed tool steel was coated with a hard coat according to the present invention, and the
thus-coated @hdmeill ems{donepared (foF evaluatisninwitly ateatd Coarcodtedivagddideendimifin -~ In
each of the end mills of Invention Examples D1 to D12, Comparative Example D1 and D2, and
Conventiona@Ex@mples DISD3gand D vk WesipRErHLetiAg 'eRlges we Bred 62%0 have the
same separation angle. [0350] Each of the thus-produced 16 end mills of Example D1 (exclusive
of the end nfifGFCEMEiONAPE 24 PRSE pFSHut:d from high-speed tool steel) was subjected to a
cutting test employipgzag\gﬁ)rkpiece (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), Ifeedxatep 16001mMm#mim (&E6 tha offeeckperredting: d@d), ambunt dfleutting in
axial direction: 4 mm, and amount of cutting in radial direction: 4 mm. For evaluation of each end mill,
peripheral cuiting @ugés testedwerechsariad evdryrars- Bamidghasd fiear Width WaSreRorded.
[0351] When wear width was 0.15 mm or less, and none of breakage, fracture, and chipping

occurred in &3 BABFSF unfil 35 dfttidd, tRe enfHhNRIESSal G ed B Jobd FRvRerF HERES: width
of peripheral cutting ed of an end mill exceeded 0.15 il 50 utting, cuttj stopped
upon obser\%%lﬁlo %eq\%vséa%n%il}hg%%gﬁ\@ I%(réw)gtrﬁ‘%ml th%]%vg}a%%&idr%gwﬂg r%%o?d%%%’en
breakage, fragiire, Qr shipping, was observesdnmeripaerak sutting 498 .1 Qutiiag wes sterped upon
observation of breakage, fracture or chipping, and then cutting length was recorded. [0352] In
Conventional txaitiie ki nhich the entemiloraspradsced franthighispeedrtooksteel, cutting was
performed under much milder conditions than those employed for testing of a carbide end mill; i.e.,
rotational speedludbogomtionsimin fcwtind gpee@ BOANEinyfeed ratedaBtinBim @3 mm of
feed per cutting edge), amount of cutting in axial direction; 4 mm, ancglam,ount oi_lchitEn%in radial

direction; 4 A The3RERIHRPShGHTH PobieHFral-feed lachining u

widkh of 50 mm and a length of 50 mm, which process was

performed thrice until a depth of 24 mm.

[02396]

In the case of conventional end mills, a cutting spesed
of 100 m/min is encugh For high-speed cutting of a workpiece
having a hardness of HRC 40. In contrast, in Example Cl1,
cutting was carried out under the following conditions:
rotational speed: 6,000 rotations/min {cutting speed: 130
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 oblidque

gutting: 1,200 mm/min, and tilt angle: 10°,
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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

[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 Ffracture was observed in an
end mill after machining, or breakage was observed in an end
mill during machining, these observations were recerded.

The results are shaown in Table C1,
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argels Second wpce Third wpte Fourth wp:e Innermost layer Outermost layer ‘Intermediate tayet

LGT

Length of .
Sample Ne. First gash angle {*} >econd ga sh angle connectigtn portion Percentage | Wear width Evaluation
1 15 50 0.72 9 0.05 Good
2 20 50 0.72 g (.04 Good
3 25 50 0.72 9 0.03 Good
4 30 50 0.72 9 0,04 Good
5 35 50 0.72 8 0.05 Good
Invention 6 25 40 0.72 9 0.06 Good
Example C 7 25 45 0.72 g 0.05 Goad
8 25 55 Q.72 9 .04 Good
9 25 60 Q.72 g9 0.06 Good
10 25 50 .4 g 0.08 Good
11 25 50 0.8 10 0.08 Good
12 25 50 1.2 15 0.06 Good
, L 25 - - - - Breakage
Cg"”E”t'D”a' 2 25 50 1.6 20 - Fracture
xample C
3 25 50 1.76 23.5 - Fracture
1 10 50 0.72 9 - Fracture
2 40 50 0.72 9 - Fracture
Comparative 3 25 35 0.72 9 - Fracture
Example C 4 25 65 0.72 g - Fracture
5 25 50 0 0 - Fracture
6 25 50 0.24 3 - Fracture

[12 9jqe1]

(86201



1 Carbide Equal separation 0.01 0 0.01 1% (i145AISS)N (T80520)N 50 m 0.09 Good

[0299]

A5 a resuit, 1n the cases of Invention Examples Cl to
Ci2, 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 occcurred,
resulting in breakage during oblique cutting immediately
after initiation of machining. In the cases of Conventional
Examples C2Z and C3, one concave portion was formed through
machining, but a longer length 58 of a connection porticn
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 €1, 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 obligue cutting immediately after initiation
of machining. 1In the case of Comparative Example €2, due to
a large first gash angle of 40°, rigidity became
insufficient, and large fracture occurred in the yicinity of
end cutting edges during lateral-feed machining. In the
case of Comparative Example C3, due bto a small second gash
angle of 35°, chips were difficult to be removed through
peripheral cutting edge grooves, and jamming of chips

occurread, resulting in fracture of peripheral cutting edges
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2 Carbide Equal separadon 0.02 0 0.02 2% tne5alS51N re30-s120.1N. - so m 0.07 Good Invention
Elam* 0

during lateral-feed machining. In the case of Comparative
Example €4, due to a large second gash angle of 85°,
rigidity became insufficient, and large fracture occcurred in
peripheral cutting edges and end cutting edges during
lateral-feed machining. In the cases of Comparative
Examples €5 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 wvwicinity of the center
of the tool axis of end cutting edges, resulting in Eracture
after machining.

[0301]

{Example C2)

In Example C2, the optimal amcunt of deviation of Che
reference phase was determined. In Invention Examples Cl3
to C17, Conventional Examples C4 to C7, and Comparative
Example C7, end mills were produced such that a first gash
angle was 25°, a second gash angle was 50° 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 Inventicon Example €13, an end mill having the
following wavy peripheral cutting edges was produced.
Specifically, a first wavy peripheral cutting edge was
considered a reference peripheral cukting edge, and the
remaining {second to fourth) peripheral cutting edges were

deviated from the respective reference phases of the
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3 rude Equal separation 0.02 0.03 0.02 3% (Tr15455}N (TOO-5120)N - 50 rn 0.00 Good |

reference peripheral cutting edge, wherein the disktance of
the reference phase is an amount corresponding to a value
obtained by equally guartering 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
fi.e., O mm).

[0303]

In Invention Example Cl4, an end mill having the
Folleowing wavy peripheral cutting sdges 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
deviaticon 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 0%
of Che waveform pitch {i.e., 0 mm}.

[0304]

In Inventien Example C15, an end mill having the
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Carbide Equal separation 0.05 0.03 0.04 5% (71454155}N (1180-5120)N (T145-1450-515)N 50 m
0.12 Good 5 Carbide

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 nm). In a fourth wavy peripheral
cutting edge, the phase deviation amount was adjusted to 3%
of the waveform pitch {(i.e., 0.02 mm].

{0305]

In Invention Example Cl6, an end mill having the
following wavy peripheral cutting edges was produced.
Spacifically, 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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Equal separation 0.02 0 0 2% (114SAIS5)N (T80Sr20)N - 50m 0.07 - Good 6 Carbide

In Inventicon Example Cl7, 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 nm). 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 ameunt 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 cutkting
edges with different separation angles {i.e., 85°, 95°%, B5°,
and 25°) and without deviation from the reference phase.

[0308]

In Cenventional 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 khe
remaining {second to fourth) peripheral cutting edges were

deviated from the above-obtained respective reference
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Equal separation 002 0 0-02 2% (T145A155)N {Al60037513)N (A170-G-30)N 50 m 0.07 Good 7
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phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted toc 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 feourth wavy peripheral
cutkting 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 hawving 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-pbtained respective reference
phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted to 6% of the waveform pitch
{i.2., 0.06 mm). In a third wavy peripheral cutting edge,
the phase deviaticn 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 cukting edges was produced.
Specifically, a first wavy peripheral cuktting edge was
considered a reference peripheral cutting edge, and the

remaining (second to fourth) peripheral cutting edges were
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separation 0.02 0 0.02 2% (040AISSSa5)0 (11404.15555)N (TOO-5120)N 50 m 0.07 Good 8 Caddis
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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}. TIn 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]

In Invention Examples C13 to C17, Conventional Examples
C4 to Cb, and Comparative Example C7, end mills ware
produced from a carbide base having a Co content of 5 wk.$%
and a mean WC grain size of 0.8 pm. 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, kelix 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 workplece, cutting conditions, and the
shape of machining were the same as in Example C1l, and
evaluation of each end mill was carried cut in the same
manner as in Example Cl. Specifically, after formation of
ong concave portiecn threough machining, the wear width of end

cutting edges was measured and recorded. In Conventional

164
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Example C7, 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 rotaticens/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 rakte upon
oblique cutting: 70 mm/min, and tilt angle: 10°. The

results are shown in Tahle C2.
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0 0.02 2% (7145-A155)N 0170-Cr30)0 (N70-Cr30)0 50 m 0.09 Good 10 Carbide Equal Separation 0.02 0

99T

SETEE; deviation amaount {mm} F'has_e Wear
Sample No. Base of end mill SEEEEZS; ,,,:,af,: Tpfg;c; vy F:::Shh:f:l"f d::]'j;':: mdnt_lr; Evaluation
CEZ?E;?;E cutting edge|cutting edge| (%)

13 Carblde EEE:;':DH 0.01 0.01 0 1 01 | Good

14 Carbide E:jr‘ﬁi'm 0.02 0.02 0 2 | 008 | Good

;;:;';E’?: 15 Carbide SE:;';?J.'GH 0.02 0.02 0,03 3 | 009 | Good

16 Carbide Sesgr“aaﬂ‘on 0.05 0,04 0.03 5 | 012 | Good

17 Carbide EepE:;il'm 0.02 0 0 2 0.08 | Good

4 Carbide SEE:EDH 0 0 0 0 - | Fracture

conventionall 3 Carbide Sé"::r‘l"t'ﬂn 0 0 0 0 - | Chipping
BampleC | o Carbide SEE:;TG.'DH 0.0 0.02 0 6 - | avipping
7 H*gh'ztp:;d teol Eegg';at:on 0.06 0.02 0 5 - | Breaksge

ng”;flfprfeﬁ? 7 Carbide SEpEjr'ﬁi'm 0.06 0.06 0 6 - | chipping

[z =21qe1]
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0.02

[0214]

A= a result, in the gases of Invention Examples C132 to
C17, one concave portion was formed through stable
machining. Particularly, when the amount of deviation Efrom
the reference phase was 1 to 3%, wear width was as small as
0.1 mm or less,

[0315]

In the case of Conventicnal Example C4, although gashes
were formed to have an optimal shape, chattering vibration
gcourred during lateral-feed machining, and Eracture
occurred in end cutting edges after formation of one concave
portion of the work through machining. In the case of
Conventional Example €5, chattering vibration was reduced by
unequal separation, and one concave portion was formed
through machining. However, chips generated by end cutting
adges during oblique cutting were jammed in small grooves of
peripheral cutting edges, resulting in occurrence of
chipping.

[0316]

In the case of Conventicnal Example Ch, the amount of
deviation from the reference phase was as large as bs, 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
goccurred during obligque cutting immediately after initiation

of cutting. In the case of Comparative Example C7, similar
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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
thues 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 C1B was produced in
the same manner as in Invention Example C3 {Example C1}; an
end mill of Conventional Example C8 was produced in the same
manner as in Conventional Example C3 {Example Cl1); and an
end mill of Conventional Example C9 {i.e., unegqually-
separated product)] was produced in the same manner as in
Conventional Example C5 (Example C2). Each of the end miils
was tested to investigate feed rate limit by using
structural steel as a workpiece.

{0318]

In Invention Example €18 and Conventional Examples CEB
and C9%, end mills, each having four wavy peripheral cutlting
edges, were produced from a carbide base having a Co content
of B wt.% and a mean WC grain size of 0.8 pm (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 coeat
formed of an Si-containing {TiR1)N compound. Cutting

conditions were as follows: rotational speed: 8,000
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(1170-A130)N (1130-Ar70)N (1140,4155515)N 50 m 0.1 Good Comparative aample 0 1 Carte Equal
separadon 0.06 0 0.015 6%

rotations/min {cutting speed; 200 m/min), feed rate: 2,300
mm/min {(0.09 mm of feed per cutting edge), and amount of
cutting in axial direction: 4 mm.

[0319]

For evaluation of eseach 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
cccurred after machining, rating "O" 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.
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(1145-A155)N {T180-5.120)N 30 m Chipping 2 Carbide Equal separation 0.02 0 0.02 2%

OLT

el b ot et o S LA N R
oy | 2600 | 3150 | 3500 | 3850 | 4200
é::rf]’;'fg':: 18 se;anrL;‘lun 25 50 9 2 ol el o]l ol o! cood
Cﬂnuenﬁ[nnal 8 seE:t:IEI:IIun 23 30 23.5 2 X Fracture
Example C
P 9 ;::g‘éﬂn 25 50 9 0 o X Breakage

[£D aiqeL]
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[032]1]

2s a result, in the case of Inveantion Example C18,
cutting was performed until feed rate reached 4,200 mm/min
withoul causing any problem. In contrast, in the case of
Conventicnal Example CH, 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 times or
more that in the case of a conventicnal end mill.

{03223

{(Example C4}

In Example €4, similar to the case of Example €2, the
optimal amount of deviation of the reference phase was
determined in nicked peripheral cutting edges. In Invention
Examples €19 to C23, Conventicnal Examples C10 to Cl3, and
Comparative Example CB, each of the end mills was produced
auch that a first gash angle was 25° a second gash angle
was 50°, and the length of a central connaction portion was
9% of the tool diameter {i.e., 0.72 mm) as measured from the
tool rotation axis.

[0323]

In Invention Example C1%, 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 cutiing edges were
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(1180-S120)N 20 rn FraCbge 2 C rubid e Unequal separation 0 0 0 0% (11454.155)11
(Te30-5120)11

deviated from the respective reference phases of the
reference peripheral cutting edge, wherein the distance of
the reference phase is an amounkt corresponding to a value
obtained by equally guartering 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 pitech (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 edqe, the phase
deviation amount was adjusted to 0% of the nick pitch {(1i.e,,
0 mm) .

[0324]

In Invention Example C20, an end mill having the
foliowing nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting edge was
considered a reference peripheral cutlting 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 piteh (1.e., 0 mm).

[0325]
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In Invention Example C21, an end mill having the
following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cubting 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 adjusked to 2% of the nick piteh
{i.e., 0.02 mm). In a third nicked peripheral cutting edge,
the phase deviation amount was adjusted to 2% of the nick
pitch f(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., 0.02 mmj}.

[0320]

In Invention Example €22, 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%

nf the nick pitch {i.e., 0.02 mm).
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[0327]

In Invention Bxample 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-cobtained respective reference
phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pikch
(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, bthe phase deviation amount was adjusted to 0% of the
nick pitch {i.e., 0 mm}.

[0328)]

In Conventional Example CI0, an end mill having nicked
peripheral cutting edges without deviation from the
reference phase was produced.

In Conventiconal Example Cl1l, an end mill having nicked
peripheral cutting edges with different separation angles
(i.e., B85°, 95", 85°, and 95°) and without deviation from the
reference phase was produced.

(0329]

In Conventional Example Cl2, 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
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19 m . Breakage Note: wpce epresents "wavy peripheral cuttfria edge. [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 ComparekiverExahagietatie CopPNERtionSHERERPE 83, fetdriogntsidedidi®Rgrom the
reference phase was large, and thus a large cutting load was applied to a wavy peripheral cutting

edge with laRfE e i85 0BRE eSS URBRRE BF EXiBphG Uio 46 m cutting, in
sbite of coatng wilh.a harg coal L pledrion e dala.afliese fxanples, 4,8 cadyde and mill

the phase dEVistion amount must be limited to at most 5% [0356] in the case of Comparative
Example D2, gtable gutiing wasrperfesmed Withsna ghatiedrn viratipne Floviever due teinaesurface
treatment, wear width exceeded 0.15 mm (i.e., 0.17 mm) upon 20 m cutting, and cutting was then
stopped. In the.case df CoventionallExampleiRd wavsfedn pachedwerdlpovidetrat ezfimeintervals,
and thus chattering vibration was increased, and fracture occurred upon 20 m cutting, leading to the
end of the séMriifasih tHe thas bPToAvEEnF EXafple'62 e, teuttig @8g& it ick

unequally-separated angles), ¢chipping occurred upon 40 m cutting in.a wavy peripheral cutting edge
with a groovB'of Sthal'sepatat o'nggnéag‘.] [035 et #’tﬁg%sg:b %%%vgr?ﬁﬂoi:%'%gaﬁple 04, the end

mill was progué%eﬁdifrq metaigg-,spﬁﬁg toql steel qubich.is inferiarig.carbide intermsafshermals,

resistance and wear tesistance. Therefore, the end mill encountered in cutting a material having a
hardness of 48 HRE qritigheri ang braakage accuitpd in the end mill upon 10 m cutting, although it

was coated with a hard coat.

[0330]

In Conventional Example C13, an end mill hawving 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 te 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 mmj.

[0331]

In Comparative Example CH, an end mill having the
following nicked peripheral cutting edges was produced.

Specifically, a first nicked peripheral cutiting edge was
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[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 plfded & dratefenEeprIiBReRE ElRING Tt ecWHEtEE tRsldRiarmsecoftthe reference

phase is an amount corresponding,to a value ohtained by equally quartering the nick pitch of the
reference pe]:r?r%%%gllc%?tirigsggé]éﬁn léose?é%Ha ke E)}P](%F&\ uﬁmbté&?é,?ﬂé’f)ﬁa?@ﬁ@viation

amount wasAssieddo A% sk AU U+ 01 T I aJbirg icke peripheral cuting ecge,

the phase deviation amount was adjusted to 0% of the nick pitch (i.e., 0 mm ourth nicked
peripheral cytiiageasige, the phase-davatiar REWUBE WasHagiusted ia: EYangf thaquck pich (i.e., 0.01
mm). [0360] In Invention Example D14, an end mil/ having the following nicked peripheral cutting
edges was prodacedl=Spietificatly amfitst hicked petipherat duttingtedgefivas eonsiddregia rdference
peripheral cutting edge, and the remaining (second to fourth) peripheral cutting edges were deviated

from the abdve-Ebtaiftd @ sPEtive ftefertRigAsed akedsasntitierad peMsidkarc RiFF edge, the
phase deviation amount was adjusted to 2% of the_nick pitch (i.e,, 0.02 mm). Jn g third nicked
EEIHE ap[;ﬂ e CEE‘ET:LEJ'El I} nr: W Elgjdlajﬁus?d %o éc;%of%#e ﬁﬁ& [ﬂtjcrﬁ?i

peripheral cutting ed%lEé, the phase Jeviatich Bmotintwas ed 160 i.e., On). In

a fourth nickedkparipheral cuttingedgs, the phasg deyiation amesntvasaqjusiepide 2% of the nick
pitch (i.e., 0.02 mm). [0361] In Invention Example D15, an end mill having the following nicked

peripheral cottingietpesdues prade cptlaSpeciticaily ra dirstsickegtperiphesal pulingiedge was
considered a reference peripheral cutting edge, and the remaining (second to fourth) peripheral
cutting edgéstwéRed@vigtedrfidrs thel abéve-oBtdigd respective reference phases. In a second
nicked peripheral cgat' edge, the phase deviation amount was adjusted to 2% of the nick pitch (i.e.,
0.02 mm).. In a thir d peripheral cutting edge, the phase deviation amount was adjusted to 3$ of

the nick pitch (i.e.,f)(ﬁ%g%{r}]tg%oz%g%ggg P il?oh ral] &girr;]g gggﬁéne, %&* %eg_ai%ténof amount

was adjusted to 2% pitc mm). nven xample arrend mill
having the following niaked ReiPhesalfinG sdoeswas Produrede RRegifigally, adirst nicked
peripheral cutting edge was considered a reference peripheral cutting edge, and the remaining
(second to fenctinperdpHaraincuttiog edgee wese detiatechijom the absne«btained sespective
reference phases. In a second nicked peripheral cutting edge, the phase deviation amount was
adjusted to &lofitheasick Prcty el .63 zamd.ind. irdmickda pEripiveatduiting eBgerihkgphase

deviation a nt was adjusted.to 3% of the nick pitch (i.e., 0.03.mm). In a fourth nicked peripheral
cutting edggiﬁé p%%sglagvf%ﬁ A ARGURTHIGSEs T 43 SRD rRSsnYre L 0UE%h).

base, Each of the end mills was produced so as to have four
nicked peripheral cutting edges (tool diameter: B mm,
cutbting 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, cutbing conditions, and the
shape of machining were the same as in Example C1, and
evaluation of each end mill was carried out in the same

manner as in Bxample Cl. Specifically, after formation of
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[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 perniphsel eatibystde) TrRuphaseaddistisiiamblAt Waa adisEd 1ot the nick
pitch (i.e., 0 mmg [0364] In Comparative Example D3, anifn mill having the Lo]lowirlg nicked
peripheral chtfihf 6t eS FRRSpr6aT BE 2L MY % FitT RIREY peridherd CUtihg &

{Tthg edge was

considered g referance peripheral guiting eqge. and ths 1§maining,(segqrd o fqust) pegpberal
cutting edges Were deviated from the above-obtained respective reference phases. In a second
nicked periphgeal guitingiedge. dhe phase: davationsapesntwne adiusied-tang¥rofihe diek pitch (i.e.,
0.06 mm), In a third nicked peripheral cutting edge, the phase deviation amount was adjusted to 0% of
the nick pitchdheli 0imms. hieafoutthasekesnpdrighedalouttinpeddaahe phassdeviatden ardunt was
adjusted to 6% of the nick pitch (i.e., 0.06 mm). [0365] In Conventional Example D5, there was

produced aféAd milt havingTitkelSaheFRRERingle ddd SFEahEEAR PABLS déGiRESA Bfhount,
wherein, in each nicked peripheral cutting edge, the amount of deviatjon from the_ reference phase
(i.e., 1/4 of rﬁ@%‘?&:pﬁ& 5%%‘ ?;‘érﬁec%%pélgp%%fal cu tin]E]me}(DﬁrglgleSl W@s'ad%rus edcﬁgr 0 0188 %)hg :
Convention@,lﬁzgme D, dhere was,produeed apendimilkhaying.nicked perigheral eutting edges of
constant phase deviation amount with different separation angles (i.e., 95, 85, 95, and 85), wherein, in
each nickedspedipheral £uliingradge, ire amoual otidedatioiviiamahemefererat please (poi/4 of the
nick pitch of the reference peripheral cutting edge) was adjusted to 0%. [0366] In Conventional
Example D% s idpseriked intRaten? Doomirent 2, ahdrd-dddted madamill Eiploy®aefor a cutting test
(phase deviation amount: 6%) was produced from highspeed tool steel. Specifically, a first nicked
peripheral cagmgldetedtss 65R58erbl datdenté 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 nickpd peripheral cuttinJg edges and anend mill having wavy,pernpher Iéncgl%r%ﬁ{%ﬂ% S WHOSE pHasE geviatiomemotitwere,qual, were
placed in the same arc dischaige ion plating fufnace under the different ARt conditi coal the end mill with a gomposite|lager. The phase
deviation amount of nicked pefipheral cutting edge, the type,of syrfgce treatmept are shown inphgdale 02. 42369 In Ekam@ple D2, similar to
the case of[ExamipeB e eact efrfTAlIFMETsbjeg Rasultingigs} enpilbying etkeftfie sdeslhKIP6ifes hpewosking hg¥inga hardness of
HRC 40). qutting conditions afd evaluation mgthod were the $ psecEphpRly poPRiiibREm plarDiniiss) resutim)(cpitting lendthWeawidth of
peripheral qutting edge, and eyaluation) are shpwn in Table D rfetidRedage, fracturg, and cHipping ocgurred im=peripheral
cutting edggs;,eterofamgne-mpit-tt-56 Hae as "gbqd " and the wear width of the ¢nd mill was measured. When
breakage, fracture, or chippifnd was @hgegsved iw&ggiggﬁ,@h&p ing gglges pf a ﬁpd nfill before 5p m ¢ tting, fcutting was stoppdd upon observation of
breakage, fracture, or chippind. and the cuttind length was redorded  Thd restilts arg shown in Table D2. Spmple N¢. §T§’B rapon or cutting edges -
Phase deviptionmount (n‘mg Phase __ _
4! Carbide Equal separation 0.0z 0.02 0 2 0.08 300d
Invention
Example C 21 Carbide Equal separation 0.02 0.02 0.03 3 0.09 Good
- 22 Carbide Equal separation 0.05 0.04 0.03 5 0.14 004
==
23 Carblde Equal separation 0.02 ] ] 2 0.08 Good
i0 Carbide Equal separation c 0 0 0 - Fracture
11 Carbide Unequal 0 0 0 :
Conventional separation 0 - Chipping
Example C
12 Carbide Equal separation 0.06 0.02 0 6 - Chipplng
High-speed tool
13 cteel Equal separatlon 0.06 0.02 4] ] - Breakage
Comparative . .
Example C 5§ Carbide Equal separation 0.06 0.06 0 & - Chipping




deviation amount (%) Type of surface treatment Cutting Wear width (mm) Evaluation Second nptce
Third Roce Fourth npce

[0335]

The results of Example C4 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
Conventicnal Example €10, although gashes were formed to
have an optimal shape, chattering vibration occurred during
lateral-feed machining, and frackture occurred in end cuklbing
edges after formation of one concave portion through
machining of peripheral cutting edges. In the case of
Conventional Example C11, chattering vibration was reduced
by unegual 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 lead was held. In the case of Conventional
Example €13, the end mill, which was produced from high-
speed kool steel, exhibited low tool rigidity, and breakage
cccurred during obligue cutting immediately after initiation
of cutting. In the case of Comparative Example C10, similar

to the case of Conventional Example C12, the amount of
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deviation from the reference_phase was as large as 6%, and
thus chipping ocecurred 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 cobtained in the cases of
end mills having wavy peripheral cutting edges (Example C2).

[G337)]

Examples D shown below in tables are classified into
Imvention 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 cutermost layer, o©or an
intermediate layer forming a hard coat is represented by
atomic% (inside of parenthesis) or atomic proportion
{outside of parenthesis). For example, the compositicn of
an innermost layer forming a hard coat of sample No. 1 shown
below in Table D1 1s represented by the following formula:
(Ti45-A155}N. This representation refers to a compound
containing Tid5-A155 {i.e., Ti (45 atomic%}-A1 (55 atomic%))
and N in atomlc proportions of 1 : 1.

[0338]

(Example D1}

In Example D, 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 Ereatments.
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In Invention Examples D1 teo D12, Comparative Examples
D1 and D2, and Conventional Examples Dl 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 pm ({tool diameter: 8 mm,
cutrting 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
Convenktional Example D4, an end mill baving 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: & mm, waveform pitch: 1
mm, helix angle: 45°). The end mill was also subjected to a
cubting 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 TiAlMN innermost layer and a TiSiN ocubermost
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 D2, surface treatment was not applied.

[0340]
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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 gquartering the waveForm pitch of the
reference peripheral cutting edge. In a second waAvYy
peripheral cutting edge, the phase deviation amount was
adjusted to 1% of the waveform pitch {i.e., 0.0l mm). In a
third wavy peripheral cukting 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).

[0341]

In Invention Example DZ, 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 adge,
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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 Lo 2%
of the waveform pitch {i.e., 0.02 mm).

[0342]

In Inventicn 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
fi.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 paripheral
cutting edge, the phase deviation amount was adjusted to 2%
aof the waveform pitch {(i.e., (.02 mm}.

[0343]

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 eukting 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
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0.02

(i.e., 0.05 mm}). In a third wavy peripheral cutting edge,
the phase deviation amount was adjusted ko 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 cukbting 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 deviatien 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}.

f0345]

In Invention Examples D& to D12, the phase deviation
amount (%) of wavy peripheral cutkting edges of sach example
was adjusted to fall within a preferred range of the present
invention {i.e., 2% to 3%}, and the end mills of these i
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
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surface treatments, a hard coat was formed of a compesite
layer through arc discharge ion plating. The composite
layer ware formed with layer selected from an innermost
layer, an outermost layer, and an intermediate layer as
shown in Table D1. A hard ¢oat 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 aforementiconed compositions wherein at least
the innermost layer and the outermost layer have the
compositions shown in Table DI.

[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-pbtained respective reference
phases. In a second wavy peripheral cutting edge, the phase
deviation amount was adjusted teo 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 amcunt was adjusted to 6%
of the waveform pitch {i.e., 0.06 mm}. In Comparaktive
Example D2, an =nd mill was preoduced in the same manner as

in Invention Example D2.
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{C247]

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 cukting
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 separaticn angles (i.e.,
95°%, H5°, 95° and B5°), 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%.

[0348]

In Conventional Example D3, as described in Patent
Document Z, a hard coated end mill employed for a cutting
test (phase deviation amount: 6%} was produced from high-
speed tool steel. BSpecifically, a first wavy peripheral
cutting edge was coﬁsidered 4 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 peripherzal
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
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fourth wavy peripheral cutting edge, the phase deviation
amount was adjusted to 2% of the waveform pitch (i.e., 0.02
mm)

[03453]

In Conventional Example D4, an end mill was produced
frem high-speed tool steel in the same manner as in
Conventional Example D3. Each of these end mills produced
from high-speed tocl steel was coated with a hard coat
according te the present inventicn, and the thus-coated end
mill was compared (for evaluaticon) with a hard coat-coated
carbide end mill.

In each of the end mills of Invention Examples Dl to
D12, Comparative Example D1 and D2, and Conventional
Examples D1, D3, and D4, wavy peripheral cutting =dges were
formed so as to have the same separation angle.

[0350]

Each ¢f the thus-produced 16 end mills of Example Dl
fexclusive of the end mill of Conventiocnal Example D4
produced from high-speed toocl steel) was subjected to a
cutting test employing a workpiece {die steel SKD&l for hot
working having a hardness of HRC 40), <Cutting was carried
out under the feollowing 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 directign: 4 mm, and amount of cuttbting in radial
direction: 4 mm. For evaluation of sach end mill,

peripheral cutting edges thereof were observed every o m
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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 D4, 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 rake: 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 DI1.
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Phage
Sample Mo, Basa off end mmilll S;E;;i-.n; Phese davition amauet () d;*n";]ﬁ:: Type of surface tratment E;t-.t;:;? we?n:%dm Evalvallon
wazn;d Third wpee ﬁ:ﬁ () Innermpst kayer | Ourarmest layer lm.elr;nr::IIal:e
1 Carblde E;ﬂiﬂ i 0 001 1w | (mes-nmein | prso-sizom . som .08 Goad
3| carbige E;ﬁr'frjm 0.02 g 0.02 | tmes-alssin | (neo-Szom . 58 m 0.07 Goed
3| catige mﬁ;ﬂm a0z 0.03 n.62 T | (es-alssm | cTiBo-sizomm . 50m 0,08 Gosd
4 Carbide SE:;‘:"H'M 0.5 0,03 .04 g | emas-assn | meoszom [mus-asosmn|  som 0.12 Geod
5 Carbida E;q;:: | 0o 0 0 2% | (Tas-issN | (mases2mn . s50m 0.07 Good
rvean | 6 Cortide E;Frﬂ | 092 g 0.02 | (nas-sssin | usocarsamn| (arocoon | som 0.07 Goud
Bampie D | 5 Carbide EE:;‘;'“ 0.02 0 002 2 |tmao-aiss.cspdmeowssssn] meoseom | som 0.07 Goed
8 Cartida EE::“;DH 0.0z b 002 o | (Tas-assn | ame-coam - sim 0.08 Good
5 carbide |, E;"';:J'm 0.02 0 0,02 2 | emas-amsn | @rocane | oo | sem 003 Good
wl  Carbide se;f;j: wl 002 D 0.02 2% |man-aiss-sisyn| (erez-sia-esin - 50m p.1 Goud
1| cabige mmun 0.02 oy | ooz | (meo-siaom | (nag-asom . o m 0.09 Gocd
12| corbiee seE;I':Iaau’c‘n 0.02 0 a | mro-asop | eoo-aron [meo-assssn|  som ol fincd
comparative| 1| Coroe Sesa“:;ﬂm .06 0 0.05 g% | s-assN | (Teo-szamm - 0 m ; Chipping
Brample D | Carbide E;f'r‘;?:un 0.2 0 0.02 % . . 20m 047 | Large wear
1 Carblde SEDE:I;?.':DI'I i} ] [H 0% [Ma5-als5i | (Tig0-Sl200M - 0m - Fracture
N 3 = g"'!:a“";ﬂn 0 0 g 0% | (TeS-ASSIN | (Teo-sam - 40 m . Chipping
Eampla D | Cartire EE:;‘;W 0.06 o 0 g | rTHS-M55N | (TRG-SIZOMN . nm . Chipping
1 H‘g“‘;::f sl EE:;::U" 0.06 0 0.02 6% | (Mas-assin | (meo-szom . Bm . Breakagn

Mot “wpce® represents “wavy perlpheral cutting edge.”

[ta =gel]
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[0354]

As a result, in the cases of Invention Examples Dl to
D3, stable cutting was performed with reduced chatkering
vibration, and wear width fell within a normal range even
after 50 m cutting. Particularly, in the cases of Invention
Examples Dl 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 amcunt 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 D3, the amount of deviation from the reference phase
was large, and thus a large cutting leoad was applied to a
wavy peripheral cutiing 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 end mill, the
phase deviation amount must be limited ko at most 5%.

[0356]

In the case of Comparative Example D2, stable cutting
was performed with no chattering vibratien. However, due to
no surface freatment, 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 occcurred upon 20 m
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cutting, leading to the end of the service life. 1In the
case of Conventional Example D2 {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 D4, 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.

(03581

In the cases of Invention Examples D& to D12 (phase
deviation amounkt is within 2% to 3%, and various types of
surface treatment}, no problems occurred unkil 30 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
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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 0% of the nick pitch (i.e., O 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 P14, an end mill having the
following nicked peripheral cutting edges was produced.
Specifically, a first nicked peripheral cutting esdge was
considered a reference peripheral cutting edge, and the
remaining {second to fourth) peripheral cutting edges were
deviated from the above-cbtained respective reference
phases. In a second nicked peripheral cutting edge, the
phase deviation amount was adjusted to 2% of the nick pikch
{i.e., 0.02 mm). In a2 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}.

[0361]

In Invention Example D153, an end mill having the
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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 piktch {i.e., 0.02 mm}.

[0362]

In Inventicon Example Di6é, an end mill having the
fFollowing 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
fi.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 {(1.e., 0.04 mm}.

[0363]
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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 wavylFerphieisircuiirrredge; PE7 wany geribhetdllcuténgiadgetsassuperior to nicked

peripheral cutting edge in terms of cutting of a workpiece such as die steel for hot working. [0373]
In the casesfoqjcgﬁﬁg&%tiGé%]iﬁ%ﬁ@ﬁ%@&n%‘rﬁfbﬁ%ﬁﬁ%’ﬁ% Fi% StHRISABGRCOT deviation from

the reference,phase aslage (e, G20), apd s ajarae qutling loaduias applied 0,8 nicked
peripheral cutting edge with large phase deviation artﬁounP, resulting’in oCCUfrence of c’rﬁlpplng upon

30 m cuttingA&:empryative Example B3kang dachie Hpon Z0-miguiting (onventopglFxample D7).

In the case of Conventional Example D5, nick pitches were provided at equal intervals, and thus

chattering vibeatiohnias intseasauld and frastureloccpred pipendb muotittingy leattiag tarthesend of the
service life. In the case of Conventional Example DE (i.e., product with unequally-separated angles),
chipping oc&fitEatissh 36 #hciiifigdvaticiebitseipraasranidage withergmove of small
separation arigcjle.40374 In the cat?es of Ir‘%\{fgntion Examples D18 to D24, in which the phase
deviation anfouint was adfusfed® @S 90 385 %Gt E5F W vaHGGS BpeS W oat Mo problems

occurred unik 501 Glad-AULWSALKIAN WS assal ag 0o BN S less, whichwas comparable
to that in the case of end mills having wavy perlpheja:Pcuttlng edges. [%57 ?FExamp e%?g

(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 f(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).
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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 DI. 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 Ii¥&h&dn Example D28 was manner as in Invention Example D6 mill of Invention
Example D29 was manner as in Invention Example 08 mill of Invention Examﬁli_ne? 30 was_produced

in the same mannef s AP TRRRESATEANTHIEBRO FERAMp SR E aRAFEns Aleftioh Example
031 was produggd jn %‘Ensga%%@?é‘é‘fﬁéfﬂigﬂefmo%&é@%&e Q4g4Exapple ALl Jhe end mills of
e

Example pd\Were su%Ject d to the sarne type of coat as in the corresponding end mills of Example DI.
[0376]  Eggh sbtheendipillswassubiectaghiorguiing e salaying aaverkplaseddielsteel
SKD61 for hot working having a hardness of HRC 40). For the test, cutting was carried out under the
following conditiarisigotatigral dpeedafdirotefionsiniatwiting spretd h226- afmimdi(ice., 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 directigth @sam! nd amdurd o? Eutili®y ik adhaPditedtionts Fhf. E6L &Aoo of the end mill,

50 m cutting wa rformed in a manner. similar to that in Example DI, .The results are shown in Table
D3 Sanuj%%ﬁigﬁeréq cuttgﬁg EdSE} was a&jus%eHK%D b%. S

In Conventional Example D&, there was produced an end
mill having nicked peripheral cutting edges of constant
phase deviation amount with different separation angles
{i.=., 95°, B5°, %5% and 85"), wherein, in =ach 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: €%) was produced from high-
speed tool steel. Specifically, a first nicked peripheral
cutting edge was considered a reference peripheral cutting
edge, and the remaining {second toc 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}j. 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
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Phase deviation amount (mm) Type or surface treatment Wear width (mm) Evaluation Second
wavy peripheral cutting edge Third wavy peripheral cutting edge

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 D13 to
D17, Comparative Example D3, and Conventional Examples D5
and D7, nicked peripheral cutting edges were formed so as to
have the same separation angle.

[G367]

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., coatking
with different hard coats). The thus-treated end mills were
subjected Lo a cutting test. For comparison betwsen 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 ftreatment 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

126



Fourth wavy peripheral cutting edge Phase deviation amount (%) Innermost rayer Outermost layer
Intermediate rayer Cutting length

and the type of surface treatment are shown in Table D2.

{0369)

In Example D2, similar to the case of Example D1, each
end mill was subjected te a cutting test employing &
workpiece (die steel S5KD61 for hot working having a hardness
of HRC 40}. Cutting conditions and evaluation method were
the same as those employed in Example D1. The results
{cutting length, wear width of peripheral cutting edge, and
evaluation) are shown in Tabkle D2,

[0370]

When none of breakage, fracture, and chipping occurred
in peripheral cutting edges, ete. of an end mill until 30 m
cutting, the end mill 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 DZ2.
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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

6T

Phase devlabion amaurnt

_ (mm) Phas_e Type of surfase frealment, Cutting | wear width _
Sample No. | Separation of cuting edges "2 T mra | Fourh aﬂﬁ;} Tonermost | Oulermost | Intermediate | length | (mmy [ E¥He8on
npce npee | npee |yer layer layer
13 Fqual separation por | o0 | om 1% | (rasmss | iso-som . s0m a1 Gaod
14 Equal separatin soz | o | o 2% | (rias-aissiN | (rigo-sizopm . stm | 008 Good
15 Equal separation 0.02 | ooz | ooz | mas-assin | riso-sizop - som | 0.9 Good
16 Equal separallon 005 | 003 | 0.4 5% | (nas-assiy | meo-som r”‘;f_,;;"r",m' sam | 0.2 Gocd
17 Equal separation ooz | o g 2% | (ves-amsin | emeg-sizom . som | 0.8 Goos
Iventan | 18 Fqual separation poz | o | ooz 2 | (resassn |wsoossmn| rocaon | som | oe Good
Examplel |y Equal separation ooz | o | oa2 2% m‘;E,LSE' m;‘ﬁ“' riao-szom | som | oos Good
20 Equal separatian paz | o | o2 2% | (Tus-aissn | (Aro-adopm . stm | 0.0 Good
2 Equal separation o0z | o | om 2 | mas-aissi | are-cnno | areaano | som 0.l Good
» Equal separation 002 | o | om 2% {““5?5":;55‘ (Cro2-513-B5) . 50 m 0.1 Good
n Equal separation 002 | oo | 002 % | TeoAa | THOAEON . som 0.1 Good
2 Fqual separation ooz | o a wn | (rivo-anon | Ti30-aizo ‘T"’s?éffs‘ s0m 0.1 Good
EE‘ETE“;E 3 Equal separatian oo6 | o | oo 6% | (ras-assin | creo-sizom . om . Chipping
5 Equal separathon Q 1] ] 0% (THE-AIS5IN | {TIBD-SI1205N - 15m - Fracture
E":,{:ﬂa' 6 Unequal saparatian 0 o 0 0% | (THS-AISSIN | (TIBD-SI20M - M m . Fracture
7 Equal separatign 006 | o | oo 6% | (Mas-aiss | migo-sizon . 20m . Fracture

Note: “npce” represents “nicked peripheral cutting edage,”

[zQ a1ge1]

[TLE0Q]



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

[0372]

In the cases of Inventicn Examples D12 to D17, stakle
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
D12 to D15 and D17, similar to the case of Example D1, wear
width was as small as 0.10 mm or less after 50 m cutting.
However, compaIrIison betwsen the results of Example D1 and

in which the test was performed under the same

Example D2

indicated that, in many cases, the wear width

conditions

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 Ceonventional
Example D7, the amount of deviation from the reference phase
was large {i.e., 6%}, and thus a large cutting lcad was
applied to a nicked peripheral cutting edge with large phase
deviation amount, resulting in ceccurrence of chipping upon
30 m cutting {Comparative Example D3} and fracture upon 20 m
cutting (Conventicnal Example D7). In the case of
Conventicnal Example D9, nick pitches were provided at equal
intervals, and thus chattering vibration was increased, and
fracture occurred upon 15 m cutting, leading teo the end of

the service life. In the case of Conventicnal Example D&
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(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

{i.e., product with unegqually-separated angles), chipping
occcurred 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 deviaticon amount was adjusted te 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
iess, which was comparable to that in the case of end mills
having wavy peripheral cutting edges.

[0375]

{Exampla D3}

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 Exampile DI.

In Examplie D3, an end mill of Invention Example D25 was
produced in the same manner as in Invention Example D2
{(hxample D1): an end mill of Invention Example D26 was
produced in the same manner as in Invention Example D3
{Example D1}:; an end mill of Invention Example D27 was
produced in the same manner as in Invention Example D4
(Example D1); an end mill of Invention Example D28 was
produced in the same manner as in Invention Example D6
(Example Dl}; an end mill of Invention Example D29 was
produced in the same manner as in Invention Example D8

{Example D1); an end mill of Invention Example D30 was
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0.12 diM Good 29 0.02 0 0.02 2% (TH5-A155)N (A170-Cr30)N 50 rn 0.1 Good

produced in the same manner as in Invention Example D10
{Example D1); and an end mill of Ynvention Example D3l was
produced in the same manner as in Invention Example D12
{Example D1). The end mills of Example D3 were subjected ta
the same type of coat as in the corresponding end mills of
Example DI1.

[0376]

Each of the end mills was subjected ko a cutting test
employing a workpiece {die steel SKD61 for hot working
having a hardness of HRC 40}. For the test, cutbing was
carried out under the following conditions: roktational
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
mn 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 a4 manner similar to that in Example Dl. The

resultks are shown in Table D3,
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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

AINA

Phase deviation amount (mm) Typa of surface trealment
Phase Cutling Waar
Sample No. Second wavy | Third wavy | Fourth wavy | deviation . widih | Evaluzlion
peripheral | peripheral | peripheral | amount (%] lm:ern‘lrust qu:r;ust Inte:‘an;:?ale length (mm)
cutling edge | cutting edge | artting edge aye ¥
25 0.02 0 0.02 2% (Ti45-AIS5)N | (TIB0-Si200M S0m 0.1 Good
26 0.02 0.03 0.02 3% {T1453-AIE5IN | (TiB0-520)N - s50m a1 Good
27| 0.05 0.03 D.04 5% | ras-aissy | (Tiso-sizopm “igf“ som | 044 | Good
Invention i {AISOCra7sI3)
Example D 28 002 0 0.02 2% (T145-AI55N N (AI7G-CragiN | S0 m 0.12 Good
29 0.02 0 0.0z 2% {Tid5-AIS5N | (AI70-CraoiN 50m 0.1 Good
{T40-A155- | (Croz-501- )

30 0.02 0 d 2% SI5IN BE)N 50 m 0.12 Good
a1l 0o 0 0 2% | (Ti0-ABON | (m30-AzoN m;?;;lﬁ* som | 021 { Good

[£a =iqel]
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00 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
invenﬂon)[0379](EQ§#%ﬂel34)

As a result, in the cases of Invention Examples D25 to
D31, stable cutting was performed, and wear width fell
within a normal range even after 50 m cuatting; i.e., the
same cutting length as in the case of Example D1 was
achieved even through high-speed cutting. FParticularly,
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)

In Example D4, a cutting test (grocove 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 Conventicnal Example DS {i.e., cutting 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.

[0380Q]

Cutting conditions were as follows: rotational speed:

8,000 rotations/min (cutting speed: 200 m/min), feed rate:
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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

Conventioni%dEﬁiaple EZ,(ExampIe D1). Each of the end mills was tested in terms of feed rate limit
by using structdral s BB 588 widtk G 8cB03801 e edopimg-sbreidimhsamsielas flewansiatonal

speed: 8,00Q, kotations{mi vCrl[I'[t' .gpeed: 200 mimin), feed rate., 2,000 mm/min (0.06_mm of feed per
cutting edge), and amouréi{[1 é? cufhrt%lg%% a'%l'aﬁ L:fjﬁl:rte%:ﬁ'gri: 8g mr?ﬁl.'ForF Svalifion 8f- é&éh &dd 'Frﬁ‘lrﬁ}?eed rate

was increaseshy dDRIMMpBiHevary d mLutting, And-ba fegd rig afwhichbieakage pegurred was

recorded. When no problems occurred after machining, rating "0" was assigned, whereas when
breakage oceuired oy whendradterefeechipping oacuned afteh t4a Rutivgat anyfeed faie, rating "X"
was assigned. A sample which attained a feed rate of 3,200 mm/min or higher was evaluated as

"good." The FEGMHELRE shdliem TebIeDabjozed] Prabie Dl Safiiste Nea Selraiatinn afedutting edges

Feed rate (m,rB/,min‘)j Evaluation 2000.2400
was assigned, whereas when breakage cccurred or when

fracture or chipping occurred after 1 m cubkting 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 D4.

[0381]
[Table D4]
Separation of Feed rate (mm/min}
Sample No. . Evaluati
cutting edges | 2000 | 2400 | 2800 | 3200 ation
Invention Equal
Example D 32 separation © 0 0 0 Goad
Equal
8 i 0 O
Conventional separation © x| Fracture
Example D
Unequal
9 separation G 0 X Breakage
[03B2]

A3 a result, in the gase of Conventiconal Example D8
(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 coccurs in the edge. 1In the case of

Invention Example D32, cutting was performed until feed rate
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2800 3200 Invention Example D 32 Equal separation 0 0 0 0 Good Conventional Example D 8

reached 32,200 mm/min without causing any problem. In
contrast, in the case of Conventicnal Example DE, vibration
was increased, and fracture oeccurred when feed rate reached
2,200 mo/min. In the case of Conventiconal Example D2 (i.e.,
product with unegually-separated angles), breakage occurred
when feed rate reached 2,800 mm/min. Through observation of
the tool thereafter, welding of chips was found in edges
grooves having small separaticn 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 havind
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-to-
weld workpiece (stainless steel 5U3304). As shown in the
above-described Examples, when the phase deviation amount
was about 2%, satisfactory results were chtained in both the
cases of wavy peripheral cutting edge and nicked peripheral
cutting edge. Therefore, an end mill of Invention Example
D23 was produced in the same manner as in Invention Example
p2 (Example D1), and an end mill of Inventieon Example D34
was produced in the same manner as in Invention Example D14
(Example D2). Each of the end mills was subjected to a
cubbing test.

[(0384]
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Equal separation 0 0 0 X Fracture 9 Unequal separation 0 0 X Breakage

For service life testing, cutting was carried out under
the following conditions: rotatiomal 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 sach end mill,
peripheral cutting edges therecf were observed every S 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 D5S.
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[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
toolthereaf . Welding of cn [ AL arg-breakage was fogprd-to-ocetrjas agresult of jamming
eﬂm hvmg diffqrent forms (i.e., wavy peBpheral cutting edge
JaAHRengsE o} mg_.-&} eqsy- toweld vorkpiece (stainless

s, Mbgéﬁ;he phaspidayiat V\@ﬁ t Qlansaf SteasRpResultshwerg obtained in

d gﬁﬂm utﬁggpﬁgge her(ejug , pn end iII of Inveftion Example 533 igas produced
; Rilpidmvention Example DB4 was prpduced in the same4hanner as in

g (eol. [Op3? OT Servipe fifetesting, cutting was carried
ged: 125 m m|n feef rate: 1,400 mm/min (0.06 mm of feed per

and nicked peripheral cuttm e cl)mww
steel 3U3301). W& in n& 'Eﬂ'@qg@sc ribggidkEamp
both the cades of wavy perig heraFE@ﬁﬁng eflg é}gk
in the same|manner as in Inyention Example @?ﬁ
Invention Efample DI EXgmple <), Eac e end ‘
out under the following gqudjtions: Totation Ispe& 5, 00 rota':ﬁ)ns/ml (cué sp

cutting edgd), amount of tlingA BRF Eire ction’ , pnd amount qf cut n%?ln rafial ctign mm Rd# é'UE! ati@ eakh end mill, peripheral
cutting edgesiﬁ‘ﬁ@'ﬂﬁﬂ/\/ bre ghseivel eve | ' e Nor chipping occnurred in &n end mill until 30 m|cutting, the end mill
was evaluateg’"@ﬁ"lpdﬁ)gd," and thenieked widih of the end il was mea‘ured The reqults are shpown in Tgble D5. $ample No.|Peripheral cutting edge

34 peripheral 0.02 0 0.02 2% Idm |0.13 mm Good
cutting edge

LOZ



shape Phase deviation amount (mm) Phase deviation amount (%) Culling length Wear width
Evaluation Second wavy (nicked) peripheral

[0386]

As a result, in the cases of Invention Examples D32 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 smallexr than that of wavy peripheral
cutting sdges 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 az stainless steel.

[03B7]

These data indicate that the hard coated end mill of
the present invention havihg wavy peripheral cotting 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 E1}

In Example El, concave pockets were formed through
carving by the cutting method of the present invention and a

conventional cutting method for comparison of machining time
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cutting edge Third wavy (nicked) peripheral cuttiliq edge Fourth wavy (nicked) peripheral cutting edge
invention Example D 33

{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 &1, The conventional cutting method was
carried out by means of an end mill which was produced in
the same manner as in Conventional Example 1, except that
the cutting edge length was adjusted to 25 mm.

[0389]

Similar to the case of Example €1, 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 teo 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 50 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, =
hole having a depth of 24 mm wa=s formed in the center of the
workpiece by means of a drill, and subseguently, the
aforementioned width and length were achieved through
cutting by means of the conventional end mill.

[0380]

In the cutting method of the present invention

employing the end mill of the present invention, two types
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Wavy peripheral cutting edge 0.02 0 0.02 2% 30 m 0.14 mm Good 34 Nicked peripheral cutting edge
0.02

of cutbting (i.e., lateral-feed cutting and obligque cutting)
were continuously performed. Cutting was carried out under
the following conditicns: rotational speed:; 6,000
rotatiens/min {cutting speed: 150 m/min}, feed rate: 1,920
mm/min {0.0B 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 miil during obligue cutting is about 59,
and a long periocd of time is required for machining.
Therefore, in the conventional method, & 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},
amcunt of cutting in axial direction: 8 mm, and amount of
cutking in radial direction: 1 mm.

[0391]

For evaluation of the method of the present inventicn
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 Takle Fl.
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00.02 2% 30in 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 workplece such as stainless steel. [0387]
We piesent inventiofT
skeel, die steel

end mill of

structural affoy
edges is sugabl for g}achlnlnc
El) In Exar@le

I1E

:aTbue 37T3) Butiano snbiTge eou
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ht invention
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present invention ) - - 5 minutes | 2 minutes | 7 minukes
Conventional . . _ _
method S minutes | 3 minutes| 1 minute | 5 minutes | 6 minutes | 20 minutes

These data indicate that the hard coated

uclgs structural steel,
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Y3GRIING t-resistant onﬂ0388] (Example
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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 ClI, except that the cutting edge length was adjusted to 25 mm. [0389] Similar to the
case of Example CI, a concave pocket (50 mm in width, 50 mm in length, 24 mm in depth) was formed
in a carbon fEEHFERBIER thrkRFake EaamgTneliorcof thaprddens inveatibe tahgtheearbide end
mill of the present.inve ti&[rlrand the conventional cutting method for comparison of these methods. In

the cutting method of the presEIRvEoP? shil I35 e 55k BRExANBRLEL tid@ndve pocket
was formed Ry @ pragess; ingluding g sien i QRligue c %}q:lflntg de gth of8 fgm and a.subsequent
. r a 1Tl

1 3 ! e
step of lateral-feed machining until a width of SO mm an ength o mm, whicCh process was
performed thyice uniisa depth AE24sHRelNtGaESt B e aenvention 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 amelr&mgth bvererachiey ecicthghicuttidg oy bheshs of the tenwesitional end
mill. [0390] In the cutting method of the present invention employing the end mill of the present
invention, twioRBES of BufliHy & I et e rfing afd bbliqua Btk pveral sbdtudusly

performed. ' s carried.out under the following conditions: rotational speed: 6,000
rotations/mi% (E:‘éll?ttg?r%%ge%a’ 1 Emfrﬁ%y,efgg Ta v %2% A r%ing&)r.o PHET IS Bér &litfing edge),

ater 1,

amount of cug 3 @XGLERRION, BIBR. WAL oL GULRG I il SLECtion. 4 fypelggdate upon
, the

oblique cutting: 1,200 mm/min, and tilt angle: 20. In the convention metho acceptable

maximum tilt abgleznf¢hie ead ntitt dusng ahlique euttingds aboutdaneta lonegParipdsef tive is

required for machining. Therefore, in the conventional method, a hole was formed in advance by

means of a dbiihdSthen Gutting Wesgberfaremdl mytheiend mihidi fdromationaafdheedneaye pocket.

In the cuttin%irp%t)hod employing the conventional end mill, cutting was carried out under the following
a

conditions: Paf SPes AC0BY rdtiforr R Iutiidpeted 106 W/miki9eed rate: 1,280 mm/min
0.08 f i dge), t af ing i ial direction: , and t of cultti
(0.08 mm OJSEQQI?EEBH'[%g &%@ﬂc@%‘é@gﬁfggmag' i 'rgncbe'\rot%;fs AN 3, Fagunt of cutting

in radial direction: 1 mm. For evaluation of the metho e presen’tﬂ]i{/%%ﬁon and the

conventional e ithe tiemereguiied in eagh step for forming a.£ongaye BRcke!thrugh carving

was measured. When the total time of steps in the cutting method was 10 minutes or shotter, the
method wassevhladted @ty ood. "Mawshdval uafidnresalis arexshawr in-baklert 1 ofill Tooh

millj}.

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 fisld 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.
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exchange End miii 'cabal time Setup Machining Setup Machining Method of the present invention .

5 minutes

In the Field of machining, there has been a keen demand
for high-performance machining {including longitudinal-feed
culting, lateral-feed cutting, and obligue cutting} of
tempered steel or guenched 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 wawe height

& crest portion

7 trough portion

H nick pitch

9 depth

10 reference peripheral cutting edge

11 second wavy peripheral cutting edge

12 third wavy peripheral cutting edge

13 fourth wavy peripheral cutking edge

14 reference phase

15 deviation amount

16 flute

17 second nicked peripheral cutbtting edge
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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 Aost BbdGs NEfitechigrshebe tadkinguddrmmbrreddere failed

19 fourth nicked peripheral cutting edge
20 intersection

31 hard coat

34 nick

35 tool-end-side rounded portion

36 tool-shank-side rounded portion

37 bottom portion

38 bottom end

39 nick groove

40 straight portion

41 convex curve portion

12 concave circular portion

43 edge portion

51 first gash surface

52 second gash surface

53 third gash surface

94 crossing portion between the first gash surface and the
second gash surface

55 first gash angle

26 crassing portion between the first gash surface and the
third gash surface

57 second gash angle

58 1length of a connectien porktion

5% cutting edge portion

60 tool-holding peortion

61 outermost layer
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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 Pgugh MRS of 3XFdrkpiece such as structural steel, structural alloy steel, die steel for
cold or hot warking, stainless steel, titanium alloy, or super-heat-resistant alloy. In_the field of
machining, %re%@%e%%vé Egeﬁ“d%m%%‘&‘?orc ﬁ%& ?pselrfeolrr%%n%es méal{lc%inﬁrqa %%rgl%ﬁ}[ngfapgé
longitudinal-fged cytfing, lajeralfeqdculting, andnphlicie;Gtingy of tempereshsigahorauenehed steel
(about HRC 40 or more) for formation of a complicated shape by means of a single end mill. The
present invassion eatepraviticsa eanhiade=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 sidé 4 wagsfarmaieh®wave height 6 crest portion 7 trough portion 8 nick pitch

D ktopl diameter

Rl curvature radius of a tool-end-side rounded portion
RZ? curvature radius of a tool-shank-side rounded portion

R3 curvature radius of concave arc portion

P helix angle
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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
CLATMS

1. A carbide end mill which includes a plurality of wawvy
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 158 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
cutbing edges is deviated in the direction of a tocl 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
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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

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 cuiting edge by the number of the cutting

and the amcunts of phase deviation of the remaining

edges

peripheral cotting edges from the respective reference

phases are unequal with each other.

4. A carbide end mill according to c¢laim 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 tool-

shank-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.
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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

6. A carbide end mill acgording to claim 4, wherein, when
the tocol diameter of the nicked carbide end mill is
rapresented by D, the radius of curvature of the tool-end-
side rounded portion of each nick is 0.01D to 0.03D0, 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 0,050,

7. A carbide end mill according to any one of claims 1 ko 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 edgs, 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 Fformed between a
crossing perktion 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 hetween the second gash surface and the third gash

surface iz not less than 5% the tool diameter as measured
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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 remainingro8tigifaltQReinFedGds R et ad e ER bR oF 21861 4 fr5f?1°rﬁe
correspondigq r%}‘g%%nrce phase by an amount of 5% or less (excluding 0%) of the pitch. 2. A carbide
end mill accorqal'ng o 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 endmill Fascthiéel demerelperigHerakeutting edges; atteastagpairfofpbuiphsral cutting edges
of the adjacent peripheral cutting edges have no phase deviation from the respective reference

phases of tHehefsrehee Pefipgadl Ritidg bBgESRAeleh, IHE At EriRETekréMe piidse is an
amount corresponding to a value obtained by dividing the pitch of the nicks oy wayeform of t
reference péfpﬂé?él”&ﬁﬂn&gﬁﬁé by WH&%BEF‘ ff?w%eq%ﬂh}t)iﬁgts& ésaa\ﬁethéjgerheilun%]éf Bﬁattfsge
deviation of ining: perinhera! cpiting.edaes from.the r%stpfffﬂigggegqﬂggﬁhases are unequal
with each otﬁge%%mﬁ'cg%i een I%” accord%ng to claim 1, wherein each peripheral cutting edge has
a plurality oftnigks; whernane perigheralgidting edge pag itstieks areMgwed 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 th& nick 62 AREASIdE BRIl hcaGIHF I Taik? 4 3RHe i Ha T Skt BRd bf i §roove of

each nick is connected with the tool-shank-side yound portion via a straight portion_o rye portion
which is coﬁ'ﬁé%a oWk, BrESK éacl:[gé w"ﬁftlﬁqigér%gol?scf%ﬁﬁ-s?d%e ro%%%epro%#o%\gléﬂa éiraight
portion and g curve, pottion 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-sidéFountled porticirofsgat midi, axccthediopth SPeathadiok & 0.82BTBI0I05DE7. A carbide
end mill according to any one of claims 1 to 6, wherein, the carbide end mill jncludes theFElléJéﬁ:lity of

peripheral g &k, Rd COMRE et fand g e BRH cdfF6Te 8 a BlrdiYS
suraces; tne pualty. of gash surfages nclide s+ gash sudage, SRy cuting ace oL e

correspondlng%n]f.j cur%tingoe g€, a second gash surface provided on the side toward the rotational

center of the. fonl axisf the end ilk, ancha thitd gasihsudacenroyidegibibemeriphpest side of the
end mill; a first gas'h angle of 15 to 35 is formed between a crossing portion between the first gash
surface anddheseaamnd gasly surdade; aherec planepelperdiedady intersactng-thrertoskskisifa second
gash angle of 40 to 600 is formed between a crossing portion between the first gash surface and the
third gash sadfsegraritethe planepepehdcalaririaterssedng tha r axistBfd He Rhgth of a
connection portion between the second gash surface and the thigi]%nash surface is not less than 59.0-

the tool diarﬁ@?é’?%% rﬁéé’iﬂﬂd Gio ?ﬂ@?oo??&l%ﬁ&ﬁ%&%%ﬁfle ah 200 e oo Waiheter. S. A
formed of Sty S S H oy ATy SO Sl for ol eehing e g for Rt working,
stainless steg|tapivet aligk OF super-Realdgpisiit@llokyer including the
innermost layer and the putermost 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.
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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 25 theﬁnner ost layer and the second layers having the same composition as the
E’%&s‘ﬁ% 5)& iﬂ&%&ir@%ﬁ@#ﬁﬁé}ﬂm%wﬂ?@hﬂdltﬁe ovhgrmLRId/eE and one

outermost layer, or'a Som
or more intermgdigte rs i osed.therebetween; and,the outermgpst |ayer is greater in oxidation
resistance and wear é&gﬁtgrﬁg%ﬁaﬁﬁhggﬁz}?ﬂrﬁ (I:a?/%. 1%, ﬁ%%[fﬁ e ThdTRMRELBHing to claim
10, wherein #heligaemaDst fayer ohtheharg mﬁﬁggrpegaog&gmp&lmeﬁel%q g from que of a nitride,
carbonitride, oxynitride, and oxycarbonitride containing Ti and Al as main metaflic components, and
the outermogtnigyer:tif e hari¢oatds faroredhofrcompamndsselecied from gna of amitride
carbonitride, oxynitride, or oxycarbonitride containing Ti and Si as main metallic components. 12. A
carbide end FFREQTBIG oGRS \idreFpatinAayrost tef ek lof tHetrar doset istformed of a
nitride conta’pin Qne ormore metal ele%;tants selected from among Al, Cr, Ti, and Si; the intermediate

layer is formed of a compo%%%pgo%élm% S S mbFREThet % 18rheAtdddi&dE s from among Al Cr, Ti,
and Si, and eagBbiinEe elments selaciad oM. amang oG AN Gl and fhe oylermast laver of
the hard coat is formed of a compdund containing one dr more metal eléments Se18eted from among
Ti and Si, anchahesdr awrenelomenis selecéed-bamaaarg 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-ridif Ti". 81 FRIRYFE | 8R< 5541 12K 2ER5188 ehdl rAllatBofding rhamebne bhelaims 1 to

6, wherein the end mill is 0C orkpiece formed of structural steel, structural alloy steel, die
steel for colg' or Eot wo&i#g%}%e%n%%s s\%eel, ﬁﬁﬁuﬁwﬂgﬁoyl,%rgﬁﬁ% aPleds@ntaidfand  the

carbide enddai iRcwdes;theRluityefRerpbeLal cgitg}ge%cpjess §T9 &lgi g I:d es %le ashes each
composed of a plurality of gash surfaces; the plurality of gash surfaces include a |rsét gash surface
serving as ardutting-faceiqf thedosespeniding god eWding-edge; Ms6c0pd gashmiyifage pyovided on
the side toward the rotational center of the tool axis of the end mill, and a third gash surface provided
on the periphefR 2lddoftRE enitrhiiiga $inst gashrerie nELs 1o 85@nsiormeddbiveer atressing
portion between the first gash surface and the second gash surface, and a plane perpendicularly

intersecting tH& bl Axrs; 4sechhd g28H ahyte GUDCRFCPR MBFREd DERNEET & cPesepertion

between the:-first 9ash surface gnd the third gash surface, and the plane perpendicularly intersecting
the tool axis; and the Ien%t of g'co(g;]egﬁlé %%rti‘%ﬂ%;Lf(\:/tvleéer'T‘r ﬂ%%ﬁfb?ﬁ edurfice the third

gash surfacedsaotlgss than sUrthedoaldigmelsr maégqggaf_riq@ﬁ%e ("F%OI rotation axis and less
than 20% the tool diameter. 15. A carbide end mill according to any oné o claims 1'to e6 wherein the
carbide endnaitidincledles¢he:plusality ot perigherl cuiting edges RndsGUlting, gdges, and gashes each
composed of a plurality of gash surfaces; the plurality of gash surfaces include a first gash surface
serving as &EGfinGtaREBlthe®rsheAdihg@hdanting Bdgs,a Secanthgash 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 firstgash syrface and the second gash surface, and a plane perpendicularly
intersecting the tool axis; a secont? gash ang']_jlgco%ﬂ%1 0 Oﬁbqs?or%lgﬂ £§Meeélﬁeef gﬁ&%s%’ﬂbrtion

between the firsfigash-susiage andithedhird, gash gurfacs. andibe pﬂrﬁ_};}e rpgndicularly intersecting
the tool axis; and the length of a connection portion between the second gash surface and the third
gash surfacesisTftiessd than 5% fhertopt diameiesas mnepsnied fremdbedasl piation axis and less
than 20% the tool diameter; and the wavy peripheral cutting edges are covered with a hard coat.
16. A carbid&BRE TRt aEoRihd-ftrclapyms l@h&deiA theNard-beatis nemmosed bé gavuiermost layer
and an inngmost layer whjch is stacked directly on the surfaces of the peripheral cutting edges, or the

hard coat is Fored Gt dorhpaditivayériialied by wpdatify sulfstantially the Shmeand

the outermost layer is formed of aluminum-rich TipAli_ N

(1.e., 0 £ x < 0.5).
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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 accordinq%to claim 16, wherein the innermost layer of the hard coat is formed of a

nitride contakfing e Thd@emen elndntd SeREt T Hom by ARCP i A8 the ihtermediate
layer is formed of a compoynd containing,qne or more, metal elements_selected fro g, Cr, Ti,
and Si, and gﬁe %ﬁ?n%‘?é‘ %I;i:rrheent%ns%elé?: el from élr%gﬁlg , Bmgt aand""'&]:ar%dti t%%éou?ebr%ngl;%glayer of the
hard coat is fqrmgd;Qf,a,60mpernd cariaining, eae Ok Qs melakalements seleateddim agaeng Ti
and Si, and one or more elements selected from among N, 5, C, and B. 19. A carbide end mill
according tocglainb 16 wighereiimeadt of e imesnestlayeriandithenoddhegst layer ssiformed of a
nitrogen-containing TiAl compound which is represented by the formula Ti,A11_,N, the innermost
layer is formed df titradratdohtTiIRANNY ¢.e21615 C x1), and the outermost layer is formed of

aluminume-rich TixAli_A (i.e., 0 x C 0.5). 20. A carbide end milhgaecccgdilr_;%#o claim 15, wherein a
cutting edge portiorF FoP et cdenifeds BeththAB§ HideRed i aRodiiittdihg pdftion. 21. A carbide

end mill according.to_any: one claimsé t0 6, W ggfi% i gq portign fopmed, ot carbige is
Cetachably BB oG s 2R A e B e I Py
peripheral cuiting $dgas sach having-alterpatg £regt portionsrand EoUEh BORIDAS a0k & plusality of
peripheral cutting edges each having a plurality of nicks for breaking chips, wherein the carbide end
mill includesgthetpluralityoferiphefal datting £dges, errdbutting Ealges samrgashesseach composed
of a plurality of gash surfaces; the plurality of gash surfaces include a first gI;%h surface serving as a
cutting face SR iHelareSpeRdng ditbcitird eagereliscorRigasHlridte f8oReddniRe

toward the rotational center of the tqol axis of th& end mill, and a t irchqash snég ce Plracl)i/ided on the

peripheral s M EAGTRIPE OHAT§Hs P Bn g% A5YS 35078 ¥ormed bé&ivedh s &fdssing portion
petween the iakagsh.suriace qngbiheseeond pashsudage.Anca piane pereRadiquigdeintersecting

the tool axis; a second gash angle of 40 to 600 is formed between a crossing portion between the first

gash surface gpd 4ke thigashesuriace: aad tea-plene Rerpendieulaty tierseathgutheltpokaxis; and
the length of a connection portion between the second gash surface and the third gash surface is not

less than 5% ihestoohdisinetagas megisuBEd frionbtife too| feiatien akie tanedessathandz094 tige tool
diameter. 23. A cutting method characterized by comprising the step of successively performing at

least two tyardHiceminees s aliond e €4k i hgtidmakfeaPdutilg 15@FAHEedEGing, and

oblique cutting, hy use of a carbide end mill, wherein the _carbide end mill inclydes a plurality of
wavy periphﬁ\gﬁ%ﬁﬁﬁg édyds®e iahrﬁevir?gegl?eerﬁ tleccur%\Etj']oic}'fticl>rr1]l§,d~ ) ?r%éﬂ%o%?b%s?gﬁuaf plurality

of peripheral %le_tgi?g aed(%%s &q@h §€¥Wga%%lﬁéa”@§f°wa€k§ foryeakingeehips. £nd-Gutting.edges, and
gashes each compose or a plurality of gash surfaces;
crossing portion between the first gash surface and the
third gash surface, and the plane perpendicularly
intersecting the teool axis; and the length of a connection
portion between the second gash surface and the third gash
aurface 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 acceording to any cne of claims 1 to
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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 15to 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 cfossiitEFEHion beBvadTinbdfsegasmsuriacemariditmsthirt gy aphsosfat e yamfthe plane
perpendicularly intersecting the tool axis; the length of a connection portion between the second

gash surfac®SAd EREFY ﬁéﬁ%&c@#@ﬁﬁfle@g%ﬁg@’}fﬁ% B8IAG Emeterh Imehsdre®ar o the
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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
porbtion 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 €0° 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 toeol 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 ceoat is composed of an oukermost layer and an innermost
layer which is stacked directly on the surfaces of the
peripheral cuktting edges, or the hard coat is formed of a

composite layer stacked by repeating substantially the same
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composition of the outermost layer and the innermost layer,
or the hard coat is formed of a composite layer including

orne 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. & carbide end mill according to claim 16, wherein the
innermost layer of the hard ceat is formed of selecting from
a2 niktride, carbonitride, oxynitride, and oxycarbonitride
containing Ti and A1 as main metallic compeonents, and the
ocutermost layer of the hard coat is formed of a nitride,
carbonitride, oxynitride, or oxycarbonitride containing Ti

and Si as main metallic components.

18. 2 carbide end mill according bt¢ 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 5i:; the intermediate layer is formed of a
compound contalning one or moere metal elements selected from
among Al, Cr, Ti, and Si, and one or more elements selected
from among R, B, C, and O; and the cutermost 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 salected from among W, 2, C, and B,

19. A carbide end mill according to claim 16, wherein each
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of the innermost layer and the outermost layer is formed of
a nitrogen-containing TiAl compound which is represented by
the formula Ti,A1; .M, the innermost layer is formed of
titaniuvum-rich TigAly N (i.e., 0.5 < x = 1), and the
outermost layer is formed of aluminum-rich Ti,21,_.N {(i.e., O

= X < 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
cuktting edges each having a plurality of nicks for breaking
chips, wherein the carbide end mill includes the plurality
¢f 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
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First gash angle of 15° to 35° is formed between a crossing
porcion between the first gash surface and the sscond gash
surface, and a plane perpendicularly intersecting the teol
axis; a second gash angle of 407 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.

23. A cutting method characterized by comprising the step
of successively performing at least two types of cutting
cperations 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 cuktting edges, and gashes each composed of a
plurality of gash surfaces;

the peripheral cukting =dges 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
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cutting edge, a second gash surface provided on the side
Toward the rotaticnal 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 betweesn a
crossing portion between the first gash surface and the
second gash surface, and a plane perpendicularly
intersecting the teool axis;

a2 second gash angle of 40° to &0° i= formed between a
crossing portion betwgen 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 toonl diameter; and

the peripheral cutting edges are formed such that, when
a certaln peripheral cukting edge is considerad 3 reference
peripheral cutting edge having reference phases, wherein the
distance of the reference phase is an amount corresponding
to a value cbtained by dividing the pitch of the nicks ar
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 referance

phase by an amount of 5% or less ({excluding 0%) of the pitch.
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