[ Document Name] Specification [Title of the Invention] Drill [TECHNICAL FIELD] [ 0001]
Thepresentinventionrelates to a drill, in particular, a drill preferably used for drilling holes by manpower
using a hand drill, a drill press or the like. [BACKGROUND OF THE INVENTION] [ 0002]  Recently,
among machine tools such as machining centers etc, fully automatic types allowing unmanned
processing are becoming the mainstream and thus many kinds of drills corresponding to the fully
automa i%g/ﬁ)e% hf;u,\C/ererge developed and sold. However, drills used for devices requiring operator's
power to dri %orés, such as a hand drill or a drill press, have not been positively researched or
develop@d2As alreatiit drills in almost same configurations have been used over several decades.
[0003] | TSinte the dilis: used fordbetiand drill and drill press etc drill holes with the use of operator's
arm, strepgth; they have problems in drilling holes if drilling resistance is high. However,
manufacturers of drills have spent little time on research for decreasing the high drilling resistance. It is
partly b%%ﬂﬁ@%&w ese conventional drills should be firstly assured for their strength and
stiffnes$, @ndldecause operators who bought drills actually used to grind by themselves and utilize the

drills as they wanted.J0004] ; . Ggrerally- amethod for narrowing, a chisel width.by performing

thinning on a cutting blade js known as a. method for decreasing drilling resistance of a drill. (For
examplé,'se etﬁ%’?(ﬁ?’o%ﬁweg%g?&tdﬁé UMt 15 UL, EeRveRon &I thinRify Was beformed from a
central parito-a heekpar of tha tall {seesfigure 16(a)), or only narrow area of the drill's central part
(see figurent(bRo tnvthe-figures 16:x(axand ¢y, apart on which thinning was performed is hatched and
a cuttin%; g[ﬂ@% shaped by thinning is shown as (Si) Although these drills on which thinning is

performed have more effect on reduction of drilling resistance compared to drills on which no thinning
is performed (eefigute’ 163 h&RE6 hoEhaee efotigRltesistarce redtttor efféetit tifgirare used
for drillirig: hales avithomanipowsrsing suchras @ handdrlber @ dill Press, and tbus an perator must
withstand,eqo: #taip A AIms JA0a 1 e folleving prientdacLment & e pressit applicant
proposes a drill preferably used for exfoliating a spot welding part of a car's body whic Is made of
high hardhes¥ St8&CSHEets THIRSHifl fids W&&%&%a&&&m%%%yrﬁ%ﬁﬁ@aw alsbit thé axis of
rotationypkasiafiprpart vhossichakimningrs performed rand has:056.3 mrh chisel avidths @od its

thinning.is performed-atiandpclined;angle of 14 toward the straight linejoining blade. edges. of both
cutting blades when segn fzglom the drill'f tip sc}de. ccording to the document 2, this drill has less thrust
resistande at the time<ot drlling ard FeUirestéss éwéPagﬁ’i“—é%SEy SABPeratBr demMpared iy’
conventigriat diifts: rsingeeits elieel witlile issnarfsw afgshinning is performed at said angle. However,
this drilk hesesrake angle shaped by thinning to more than 90 in order to correspond to the high
hardness steg|.sheets., Therefore, the drilling force of the central part becomes weak, and at the time
of drillin V\'Iith@é gﬁdscd?ﬁl,xé@jf?ﬁlcsan]tlagéve%v%uﬁl Eelt}%fjl%rg& whille the d}‘{lﬁi]hig]%)? m%sgril?ﬁﬁ from a
central part to-apRlipRerat Etting Dlatehas besieperiormed, Skirfy-inte e workpiacel Moteover, a
tip tends te-chiprwhen dsed since thelchiselwidth is very narow. anddniparicytar, adigota drill made
from poyder, biohespesd.stgel hacomes fagjle and.more easily.chinged. [0006] ., Furhepmore, the

following patent documents 3 and 4 also describe the drills on which thinning is performed,
respectively” $HE Uil d&seribet i the pateAt d6&dments fs usedioreeh Hblegfiactifing atd has
longer thinpinghdutting biadecior the:purpase of pitoviding@nbdghspace withva Husningpatket (a
recess defined by:thinning face) and smaathly discharging swar from the thinning, pogket, The drill

described in the patent document 4 is a small-diameter drill for a wired printed plate and general
thinning%?b%?f?)rgn%%ugn E?@ Rl Preveting the drill NATE & cament dééﬁﬁdé}ﬁ%rﬂfﬁ?fﬁpﬁng in
order toAdrillthsie's BaEHRSin board including glass fiber. Additionally, the drill described in the
following gatent document 1 is a twist drill which has x shape thinning. [0007]  Thinning has been
performed onevery drills described in. the patent documents 1.3, and 4, but the thinning was not done
for decreasing %Iﬁﬁing regi’st§nr8§.!Cs ﬁe%ye?gr%,ri% éb?nwe%gsgsf: c%’r%lﬁr?g rgé"i%t%Hn%)ey n%i@yrt?é) %%}ggsed but
not deciéaset byAtsthirhingt ahd tRuPtheds diifls EBAHBt Sistaih dccepbably highieffisieasgyetough to
drill holes-takinghadvantdge: ef manpéwer dstichlas a hand erillniPrior-Art Bocuments] {RBatent
documentsldAQ0BLiateon doeyment 1. 19k kal S00:RZAGHL Paterh foaument 2 Lokl o
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from a central part to a heel part of the drill (see figure 16(a}},

or only narrow area of the drill’ s central part (see figure 16(b)).

In the figures 16 (a) and (b), a part onwhich thinning was performed

1



Patent document 3: Tokukaihei 7-40119 Patent document 4: Tokukaihei 7-164228 [SUMMARY OF
THE INVENTION] [Problems to be solved by the invention] [00091  The present invention is made
to solve the problems of above-described Prior-Art, and proposes a drill which can substantially
decrease drilling resistance, and allow for easy hole-drilling by manpower using a hand drill, a drill
press, and the like. [Means for solving the problems] [0010]  The present invention according to

claimlrelartle t rill with a_tip part on which thinning is performed, camprising twq cutting blades
which a%esfor%e%%ﬁm%ﬁl\érﬁ:a ua%gb? nga%\((éllg'i of Sr%‘t%%%r% %gl)d% %&tﬁﬁé ‘bladés %%%Vs%%tﬁlsg gf%taﬂhinning

cutting Btadé ex@EhdifiEmr éhisél sdyertonaid alperipheral SRR Bfif Yo Beeemearshape
including tieves whenseenfiam tiprside of tHe: driltcandsa smaip cutting:bladeextending érasa an end

part of said thinping eutting hlade tofhe periphgral end of the Qg"qvghzr@m a thipningsurface shaped
by said thinning cuttl(g% blade is substantially parabolic, inclining toward the drill axis direction when
t

seen froM fOnCSiaE S the i fot19]  “THRTreSént fveRtion adcoldifiy t¢&Rint's $elatkl%o the drill
of claimdl; Wherein an-extension limenextending: mia drifltiprdrectohankihelalong the degpestiportion of

said thinnieg surtace iseffsetto heelside ercuttingblade side,atthe drill without grassing the central
part of a{%lg tip, when seen from front side of the drill. [0012]  The present invention according to
claim 3re ates] to the drill of claim 2, wherein width of said offset is equal to or smaller than 10% of a
drill diameter.JJ00E3]e frhel presedit IERICN actordingto elaint dselatssstorthe dfil-of ¢kairh 2 or 3,
whereincsaigh extensiondinglis affset to-theiReel side ofthedrillo [00414] ng Thespresentinygnation
accordi clajm_5 relate the drill.of clai or_3, wherein said extension line.is offset to the
cutting g%(%i% side of %i%e%dr%%ﬂgﬁ?ﬁ%gl'zﬁe%i%\r\]/ﬁﬁtc%n Cg:f;c%rld#r}llg %1 g%(?r%%s reﬁgt%%jtostﬁg %I%ﬁ of claim 1,
wherein‘ah- &xtéhsion fife ekténding it a Arittir Gife ctihCa lIRERISHG HT- désipestidoition B 2aid
thinningssurfacefcrosses thercentral partatthesdrill tip, when-seen: from frgnt side<of the gt [0016]

The pregent ipyentipmaccerdingfo claim. 1 relates o the grill of claims 2,104, wherginga fake,angle is
formed in a part inc u%lr%%na part just below the chisel of said thlnnlng_cu,ttmg blade. [0017] The
[

| .
present nvERtioA actording 18 chaifit 8'refate5 T8 HE drifof iy oFALims 2 3 B Ahd% BbRgrin a rake
angle issfogred & dogdrtwhich: isratjadeniete bitdoessrot iAcludetapartjustl belowi thes chisel of said

thinningacuttingiblade: o the document 2, this drill has less thrust resistance
at the time of drilling and requires less power applied by an
operator compared to conventional drills, since its chisel width
is narrow and thinning is performed at said angle. However, this
drill has a rake angle shaped by thinning to more than 90° in order
to correspond to the high hardness steel shests. Therefore, the
drilling force of the central part becomes weak, and at the time
of drilling with a hand drxill, sgignificant power would be required
while the drilling by the drill tip from a central part to a
peripheral cutting blade has been performed, sinking into the
workpiece. Moreover, a tip tends to chip when used since the chisel
width is very narrow, and in particular, a tip of a drill made from
powder high-speed steel becomes fragile and more easily chipped.
[ 0CC#8]

Furthermore, the following patent documents 3 and 4 also
describe the drills on which thinning is performed, respectively.
The drill described in the patent document 3 is used for deep hole
machining and has longer thinning cutting blade for the purpose
of providing enough space with a thinning pocket (a recess defined
by thinning face} and smoothly discharging swarf from the thinning

pocket. The drill described in the patent document 4 1is a



[0018] The present invention according to claim 9 relates to the drill of any of claims 1 to 8, wherein
a rake angle 81 formed by said main cutting blade and a rake angle’e2 formed by said thinning cutting
blade satisfy 01>02>0, except for a part just below the chisel. [Effects of The Invention] [0019]
According to the invention of claim 1, there is a drill provided which can substantially decrease drilling
resistance compared with the conventional drill and can easily drill holes by manpower using a hand
drill, a man rill press, or the like. Moreaver, the reduction of drilling resistance improves drilling
accu racflmaarL\{L @%ﬁgggsfhéerti#nrel okd?iﬁﬁgléqs{* ]feéadg to fﬁr%&r(g\}%?n%légrﬁ 5 v%?l%irﬁ‘a re‘?'gcifi’efr{:]c??ﬁ& fthermore,
it also all6WRFSE SigHFidantindieass in theodalvs ifelsparkjeodolt L 1 Avedrdihgee thetirention of claim
2, an extensiondng extendingdn andrill tip dirgetionta ling-alongithe deepest:portien af said thinning
surface j to heel side or cutting hlade.side of t dr'gj ithout, grossing the central part of the
drill tip, \%vspﬁ%fliq%g%e%é;régr%gf%%t fsfd%%?'th%%gfiﬂf%%rge ?PZ: .ag |§tlin%%%all(<ie afaer?%gﬁ%% o?"rrﬁe% fom chisel
to the citfing BrAde (IRAGERG S PSTHBRoF the Réel pafttody, otftom cRiseFRelyBorhoddaBRcept for
just belaw then chisel, to the cutting blade. This leads to significant improvement of sharpness of the
cutting blade-[0021]  According to the Invention of claim 3, width of said offset is equal to or smaller
than 10% of a drill diameter and therefore the drilling resistance can be more surely decreased, which
drastically impfoves High Bficienty oftRt Ut baeS[6028] 4 aAdcordmtth thE ThvehtiorFof claim
4, said @xtersiondineigieffset to the heehdidé of the: diillcand therefote aaistinet rakenpart can be
formed fremyehiseltg theicuttingsblade (nelhding amortion,etthe heehpart 4Q@)s This resuitsjn a
distinct %létti:rcg bé%%eefrr%n tr})eecgiggL%%ré éo tkg)% (C:ugigg gg% grt gng its. ,drilllr}%efﬁciencg significantly
improves. Eurtﬁermore, tHe drilling force ogtalned from the fotation of the drill “gen%?e{tlélgf om the
momentthesdii -5 Bontdcts & Weikpidee Kinde atrake s gl provisledeatithe gl aip, ComisBnent force
for the rakecangle geneeates:evendy: foraxampledotationof.an-airdritkfram the mament the drill
contacts the: workpiece, and this.component force affects the workpiece), and the power which an
operator needs to apply on the drill may be smaller. Additionally, the rake angle becomes
comparativel Hrg8rand &ie-dfilling force becomes the largest, compared with the cases where said
extensiori liie]s offset to the cutting blade side of the drill and where said extension line crosses the

central part of the,drill.tin. {00231 -~ ,,Agcording t@ the;inyention of claim 5, said extension line is offset
to the c%téi of the drill, and therefare a di e is obtained from the chisel neighborhood to

ng blad %el tinct
the cuttingtbgg‘&e,dgﬂ%gﬁ? for a%ar?ﬁl@%%%v@% é“t:%ge%r% Ithough there is no rake provided just below
the chisék the Ehigerwitth s muchmasrowerahan if4aid éxtension line is offset to the heel side (case
1), and the-chiselwidthuisrsubstantially same-as inthe . case said extension line crosses the central part

of the d{'%B&a@?{S@ %)F “}%Qdifiﬁ{}gﬂﬁﬁl\ larger thinning part can be formed, drilling resistance can be

decreased and the high efficiency equal to or greater than that of the above-described two cases
(cases 1 ah82)¥aR betobtaintd eirsh iPHo Take is'pidvigedjust below the chisel. [0024]  According
to the invention of claim 6, the extension line extending in a drill tip direction a line along the deepest

portion of said finia.suface ergsaee i cantralpRrLof e diilip. when seaigm frontside of the

drill. Therefore, a distinct cutting blade is shaped from the chisel neighborhood, except for a part just
below &’ eRigel 6 tHe Eltting ’%Htﬂ-:fﬁ%‘énd the high BAMRG Eficiéncy' Wil dignitizARtly ifipfove.
Since thexthiselwidthlisyedgcetttosa: mimimuim rdrillingsreststance, decrdaseslinstead and4hg same
drilling f@&%&l@@@@&%if@?iqﬂ%ﬁ%@ﬂ linesis offsef, o, the-heel side, can;he abtalned. [00251
Accordingto ih%(ninvention of claim 7, a rake angle is formed in a part including a part just below the
chisel oFa%hin‘ﬁl %‘cutting blade. Therefore, the invention has the advantage that a rake angle is
formed a¥ssallithe partsContacting the wworkpiece from a part just below the chisel to the cutting
blade, anglalbthe parts serve as cutting blade, thereby increasing the drilling force (see the
below-descrihed figure 12 (a)). [0026]. . According to the invention.of claim 8, a .rake angle js formed
in a part whic is a%jraecse%?%o %B[Fggé'sl‘ Rot e uodreg“g“ %%rﬁﬁsf SToW éherggi%n%’fag’f été}ldath#l]%ggi cutting
blade, dftitherefdreth& part comtatiingthé Workpiete, eXcESLTOP A}t juSEHEIbWIhB Ehised, serves
as cutting: blatteg Althougihsthisicanrgenerater a dtidling foneeachit senllerdban therforegigenerated in
the case fa fake,ngle:is lormed.da a pariduchiding 2 nartjus: Delwihe £hiselaf & bigningcutting
blade (case 3), a chisel tip part becomes narrower and the drilling resistance on the chisel tip part
decreasest tHETEBY obtaifling thet S5meSdififinG ftiéhdy REObRAIREE In THE'BagE Ffsedithel L
below-desctibeg figuee 42gbrand c)) dlinvadditiav,ccompanng with theaaseid; thisthasthe-advantage
that a thinning part,can he;muchwider. Therefore, athinning pesitioncan.he ¢hangedrand adjusted in
accordance with workpiece materials and the drill diameter. Some ingenuity can be added. For
example, if the workpiece is made of relatively hard materials or the drill diameter is larger, the thinning
position can be moved to the cutting blade, and if the workpiece is made of soft materials or the drill
diameter is smaller, the thinning position can be moved to the heel side. [0027]  According to the
invention of claim 9, a rake angle 81 formed by said main cutting blade and a rake angle B2 formed by

said thinning cutting blade satisfy €2>92, except for apart just below the chisel. Therefore, an apparent
ralke anale heromecec emallar and the lace nortinn of the hlade edoe diae deen into the workniece



[Figure 1] It shows a drill according to the first embodiment of the present invention, (a) is a top view (a
figure seeing the drill from the tip side), and (b) is a front view of the tip part. [Fig. 2] 1t shows the drill
according to the present invention seen from only slightly left to the figure 1(b). [Fig. 3] It is a figure
defining a clearance angle. [Fig. 4] It shows an angle at which a drill is applied to a whetstone at the
time of thinning formation. [Fig. 5] It shows an angle of thinning. [Fig. 6] (a) shows a cross sectional
view perpendicular to the.thinni art, and (b) shaws a cross-sectignal part (A-A cross section) of (a).
[Fig. 7] I{%Q}s.ﬁgf/lvlé ahother ex mb$e% 891? trtlceoe%l%% 1)%%* aer"aiqe face. ?ﬁg. %Iéélalﬁénwa%\gveé“fn an tip part
showingtangthéréxasmple! (& @it fof Spataneldirig ExfofiatibA) fthé Secordtérbadifentof the drill
accordingitosthenpresentinention.] [Fg. 9hi showsa deillof the Hiaird embodiment of-thepresent
invention, and (a).is a-top,view (3 figute,seeipg.the dyll from the tip side), and (b) is a front view of the
tip part. [Fig. 10] It shows a drill of the fourth embodiment of the present invention, and (a) is a top view
(a figuré Qﬁéﬁb the drill from the tip side), and (b) is a front view of the tip part. [Fig. 11] It shows a drill
of the fifth embogdintent efithe present invention; @ndd &) isal toprview €4 figare seeing: the drill from the
tip side), and {B) s a frontrdew of thetin. pad,Fig,12] Itjs aLress sectional, view.cutting thedrill
according to thg.preseqt.invenﬁi_on in%he Ion%i%Jdinal direction %the directiqn, of drill length) along the
chisel, adt (3 i the Arilrofthe third embodiment. (b 1¢ the dtilf of Ihe fou ﬁrélﬁ%]c?di?h%#?gﬁd (c) is
the drill 6ftiee fifih erabotitents | Fiy.cI3]At Shiows dnlexmpledsf the Wwhetsioneé profiléforgénerating
the thinping £aiting bladedathe diill ageerding to theipresent inventiaaand shows s-rotatignal end
part (a pseir' #eéﬁl e&g_}e) (%1; itﬁ?f whetstone. [Fig. 14] It shows an example of the whetstone profile for
generating the thinning cutting blade in the drill according to the present invention, and shows a
rotationa"éHd part (a peripheral edge) of the whetstone. [Fig. 15] It shows a test method of the drills of
the examplesiand compatative examples sfEdg: 6] ttis-a top view {arfigureseeing-the drilt from the tip
side) of e coguentional, gl RETALER, DESCRIPTION OF. THE INVENTION 0028 Herginatter
preferred embodiments of the drill according to the present invention will be set forth with reference to
the drawing®. Fig® 1%hotvsthé fitstErfBsdirfent of the drill according to the present invention, and (a)
is a topvieWw (a figure seeing the drill from the tip side), and (b) is a front view of the tip part. [00301

The drill accorgingte-the presentinvention hastwo-cytting-hladesvhich-arefarmed symmetrical about
an axis offrotftion, nd ha3s a t'%}part on which th@ninsgjtisrpﬁrformed. Ti}efcuttin blades confist of a
thinningocut(ﬁnél bla e?f) axten |ﬁﬁ“ﬁgeﬁ8mS achisél e%lbe OWard %epéﬁpﬁ)era%ﬁie St theSdriiffo'become a
shape irféldding ‘cures, @ndllal main cutting blade (2) extending from an end part of the thinning cutting
blade ()30 the peripheral end of the drill, when seen from tip side of the drill. In the illustrated
example, the mai tti I extends in a linear fashion.from an.end part of the thinning cutting
blade (1) to tr@%&%%%%% %r?(jt %f%?]glcﬁ?ﬁ,%éu(?ftrrééf? %x%gna%t lafncur\}?ee gcs F|%orj1é . nté Gﬁn%q}é% fa?shion,

and in &linE3raRdcarvett FASRER IThisistEmRToNsiRcal e Eniodifiats SrtHe frésent imiention. In
the illustratetkdraiviag,o(8) isha frank face, (4) is a chisel, (5) is a rake face shaped by the main cutting
blade (2)(6)ds a new rake face shaped by thinning, and (W) is a chisel width. [0031] ~ Given that
regarding the length of the cutting blade in the extending direction of the main cutting blade (2), the

length of the Mafn Uiy BH1IR0eAEY 7¢ CA Shane RAGH §rahé Biriniy T ety Biadel (B8 {®), the drill
of the fifst emisodirhentsatisfies 0KA:5-2B.iethedengthi(®) of thexthiiming ctiftingblade (I)is set to be

equal to,on larger thantherength.(A) of the maincutting blagde. €2) nthe-drilkcan in some cases,
5|gn|f|catrlﬁl dceézé%%geldrllgn% r%%stgglge é:rom&ar?d W|thw@enconé/egtloggg%nII which satisfies A>B, as
shown in the exampTes SRd comparative examp esdestribed befow. Howeng,Olﬁ thé b et invention
as showri thé ‘embodiments (see Fig. 9 and Fig. 11) described later, A>B may be also preferable.
[ 001¢]
The present invention according to claim 7 relates to the drill
of claims 2 to 4, wherein a rake angle is formed in a part including
a part just below the chisel of said thinning cutting blade.
[ 00173
The present invention according to claim 8 relates to the drill
of any of claims 2, 3, 5, and 6, wherein a rake angle is formed

in a part which is adjacent to but does not include a part just

4



[0032]  With reference to the drill of the first embodiment, it is desirable to lengthen the length (B) of
the thinning cutting blade (1) and to shorten the length (A) of the main cutting blade (2) as much as
possible, since the higher the percentage (B/(A+B)) of the length (B) of the thinning cutting blade (1) in
the total length of the cutting blade (A+B) is, the more the drilling resistance is decreased. However, if
the length (A) of the main cutting blade (2) is O, profile irregularity of the drilled hole will be reduced.
Therefoye, A is required 1o be larger tha O<A). It is preferabl set the lengths so that it can
satisfy f&iWA % rggﬁggﬁooa%rﬁﬁrla%}u%l(@?gdb%BC]‘BrceCﬁagz%tﬁ%\f% a drill of the first embodiment
seen frérA %?9 slightly left to the front side. The rake angle (01) formed by the main cutting blade (2)
and the rake @hgle> (@2 darmedythedhinning catting bltade. Elirsatisky el=02> 0 titoweyer, it
becomes 025> Q {€270:,AMestQ) pnly justbelpw.a chisel (4),The factthal the rake anglg (62)
formed by the %/hlnnmg cutting blade (1) is smaller than the rake angle (81) formed bythe main cutting
blade (ZJTMEansthalthé hp ﬁr@ﬁﬁé‘kﬁ%%%gwgplyystﬁ%ﬂiﬁé?*T‘ﬁ‘é%éjéﬁﬁéqgke angle

is, the idrecihe portiers/obthebidie, edga-digtddeprinto therworkpigcd 4l causesenaprobtem when the
drill is rotateekby a powersoufeR,sueh as@ mechanical tool, but it does cause a problem when for
exampl ’otgﬁéﬂri" is pressed against the workpiece by manpower such as a hand drill, and
consequently“the cutting blade has trouble in drilling the workpiece due to a lack of the manpower
against load. ¢ fier preseritinvaation Viietthinhing edting Blade €1 Fisi shaptditolsatisfy eds02, so that
the apparentrakearglipds sat-to-he smaller anddhedess pedionr of the-blade-edgea:diggs.intg the
workpiece, ther aking th tin em easier to cut.even if the drill is pressed against the
workpieggpb:/& (r)n%%\&g%vle%??%}cégﬁgh%ﬁ? g:r?lp [%%%ﬁ]%y C{'Ighlefrktlaefllsoo%e.orbs}étz'ﬁ%léjmc})%‘%f)ilsul‘T3 ﬁwme%rake
angle (62) tefed By e thindiRg Bating bldde @) %sT driflihg TeSistahts willaekaN§ incrédse and the
drilling efficienty will détetiotdte i Withrreferenee te: thiengonventiodalidrill) thinsingus pekformed so that

the rake apgle canlbe minys farthg reason that Jf thesake is grovided,inthe central part, a hlade edge
can be easily chipped. Lg)ﬁ%%%lnghere are some helix_angles of a'drill depending on a kind of drills,

and the Helix ahgie g g BCAtarolihid 80" HGWevar= at this angie’ Grififg reditrtasE large and
it is not apprdpriate forldritling.eles byrmanpower using a hand drill. Although some methods reduce
drilling resistance by making a helix angle smaller and thus making a rake angle smaller, a method of
changing apparent rake angle by, thinning only, like the present invention, without changing the original
helix angle o aroun %grat%%rt %% pEr“éjdgu(;“c‘:fi1r%l 3%riﬁ§y %F?aar%é?ngr;b the %%Iixegr?gﬁa%%%%hei %?Wantage of
doing tHiE ERiremety easiyd[00B6]" I PAR iReldea arglel(ad fofmed by thédrain cutting blade (2) and
the includedsanglet(a2y formedshy the-thinning catting bladedd) satisy alsa2<90-(Se¢ bigs &dor al and
a2). [00 re, supplementat natj t ra n included angle will be
added. \%t ereéf_éfere"nhi:ge tBbEt grélﬁ%%???‘ra%%@ﬁ %ego}% té%%%%?ﬁ%%n?&%%ﬁﬂ% %rﬁljf originally
has, thebihBludEeangRSE t6b Sharp ahb tﬁéd(ﬁaag édye digsideed itid HEOWBrkpictediké s vedge,
therebytadregsing-the drifling resistantecBycperferining thirningi: therakel angle (redutes angd the
included, angle ingreases, dherehy,improving the drilling.efficiency: (decreasing:drilling sesistance). In
particular, according to_the thinnin p,erformed on the drill, a Joose rake angle and a larger included
angle stitable ot arSpétatorsarm stréhgth Wil Eg%eﬁéll%]féd?%d%fge ‘A Digatané@ aigleqs) is set
to satisfy 0= Bx& Prefarablyyitissdt to Satibh@rSs54c Gearderally; ittisrconsidered that high drilling
efficiencynean be obtained by forming a sharp blade edge by setting the clearance angle larger and the
rake angle lar gcr:,oarrg:giglustcgrr%rperqi%llyé%\éalilagleo riI(I:slh%\r/E t?is kingto{ pcgg:fileaitn Cgom on. However,
if the clearance angle’is Letfo be‘?ar@"ér &< Well ‘asthe Take angle, the bl‘ade‘edsgelgetcs) S Sa?per, more
portionst6f thetadé edye digadeeptintd e workpiéce dhelthlsdtliaetieablaid diitigthentorkpiece
if the driflis pressed againsidhe wotk piece by maapowerssueh as ayhand drill sknthe presest
inventio it learance angl aller,-at 0 < 54 allo S partions of.the blade edge to dig
deep int%rt %%%rﬁ%%%e%%&c?ﬁe% r%Ia g%ngefaa 3%%5%\}28 I ?ﬁlég%rii%i‘s%gierz%oeé é%cglenét the workpiece
by manbtg\%lz,}such as a hand drill. (0039] Here, the clearance angle (p) is defined by the following
X)or (Y). @EQcarangke between ivhetstanes hofizohtalrcehieslineland deill's:cential axis kne,
obtained by aligning a.center of theydrilfss tip-part omthe whetsiane's hodzonialgenterling of
whetstone's_rper%r‘lzt%y which h S radius of 50 mm or more , contactlnﬁ the cuttlnglblade of the drill's
[

tip part With th& Whetston@ S Wdtizontat centéivine"in & ParafidF (CHSFizBnen fashiont afdHoding the
drill's pasteticraend beldw: the whetstone's horizoital cerites liné svhile setting-thedrili’sitip past as a
supporting-paint{see Fig.s3 (@) se {Y)ARangle between, whetstonelsherizontal centes line and drill's
central axis line, obtained by aligning a center of the drill' s tip part on the whetstone's horizontal center
line of whetstone's lateral side (vertical surface), contacting the cutting blade of the drill's tip part with
the whetstone's horizontal center line in a parallel %:horizontal) fashion, and moving the drill's posterior
end below the whetstone's horizontal center line while setting the drill's tip part as a supporting point
(See Fig. 3 (b)). [0040] However, (X) and (Y) have small difference of a certain angle occurred by

the whetstone's radius shown in Fig. 3 (a) and a distance from the drill center to the cutting blade: 1/2
\A (\N: webh thicknace) (the annle ic abniit 0D 572 if the web thicknace (A M) ie 2 mm in the ~race nf the



(X) In the case of Fig. 3 (a): the clearance angle=p+tan-1 ((I-cos (sin-10.5 W/R))R/0.5W) (Y) In the
case of Fig. 3 (b): clearance angle=For example, the actual clearance angle of a drill with a diameter of
10 mm and a web thickness of 2mmwhich performs grinding with a whetstone with a radius (R) of 50
mm and a clearance of 3 will be about 3.573. [ 0041] It is preferable to set the chisel width (W) (see
figure 1(a)) smaller so that the blade can easily cut the workpiece even if the drill is pressed against

the workgleqs by, manpeyet such as.a hand dil, Specifically. s desirable. 0,961 she chigelidth (o

10% or less of a diameter of the drill. For example, ifa drill diameter 0 is 2-13 mm, the chise?width (W)

is set toWe'ih'a Fahge>516. 128,85t YepBlling 6n Titr8aseana dethéastror' theafrilFdiafeter. [0042]
In the present inventionsarn angte df-thinning s setrtodoe-smallerecompares wWith the:canvertional drill.
Conventigna| thinning.pregedes strepgth.and _&igig'ﬂ%s of the-drll, 1self and-thus.sets farger the.angle (e)
of contactlng the drill to the whetstone at the time of thinning formation. (See Fig. 4(a)). If the angle (6)
is set toBt7a§ sHEFESHESsiBIE"And the RenteF BIHE dfifl 7$ oV d Clo&ét ©'d tarfdential fifte of a
grindingtswrfacersithe Whetstone L drilfing resistanbe onca senitealpareofthaldiitl, callerba web, will be
reduced; sesidting ﬁ@@@iﬂg@]h&d&@ﬂ@ha eqf,tflb@ndriliri]ng resist %nﬁﬁigﬁea%%ﬁe(]?%)lﬁﬁoﬂgkds l g Eh)e 0
present_ invention, it is desiraple 10 set the angle of thinni 0.as to satis e fallowing ().and (I1). (I
e angie (B0 Hla s B tho B el B s St o Soied o A S WhStstone
which pef6rAs$ thiffigds BL207eHl Theraifgle etivédr? the-drilis eéntfal 6@ MFECaRE A déitter line in
the widthirestion mmgmm_mmemwmsmiem@giﬁ @Qt%}(si&ﬁflg.r@.is diawever, a
range ot thegnole of iinaing of dne sbave-gescriedIl i oplained e oasg of anglatandle of
118and a helix angle of 30, and Is not necessarllygreferable for all the drills. In theory, an upper limit
of the thirmifg QRGREEFthe HhovaihEAtioms (1) Can Beséttd alrany® of a half of the angle (i.e. if the
angle is X1B; #lis 59) at a position (=a point angle) parallel to the blade edge of the drill. [ 00441
gle(zé;[) thinnin%ga%l tw%grl]gb%héegggtq.rﬁtjg?%] ﬁ%s'lalgl/\lé Jﬁagrlgsg ,s?é:giggagyg%/égi%rgr%%éeggon of It:I(g
perpendicular tg the thinnin of the drill. In the example shown in Fig. 6 (a), the edge part (a
bou nda@ggé:’r? E/i%Othtehfealgeufé%%n(%)p%r?‘r?eed By tE%emgf:nléuit(ﬁnafb%a %?fﬁ lg‘f ﬁge ?a%g Ydce'{6) formed
by thinnirgfie achShiapedasy anadids R ofthinninga b addition, (R1) iszaratius af & rdeve part of
]Ehe drgl -g%%#@&r@&d ,atr@ar@keg[%ﬁgietﬁ)ﬁlbﬁ@rmeg by the m.aiﬂﬁﬂﬂmgg@iﬁﬂﬁd%}aaﬁg the Ir@&fafngle (32)
orme the thinning cutting blade (1) satisfy.81>82>0. Furthermore, the included angle (al) forme
by the T L DD (or e o e o B T e A BE (o
satisfy dlea&?<9¢ [0645] *hethelpreséntimvention, the'edge fofif oftRe réké'facemag not only be an
arc-shaaa@ut_also cahfosraa_lcombimi’@gw al’ﬁiﬁ&ﬂdaalsttaighy_li%ﬁ@%@giﬁ.).t'_ﬁféae westars canfirmed
through gxperiments ihaldt the.edac farm, of e ake face s An argsshiape {Fig, § (@) and.g form

combining an arc and a straight line (Fig. 7), cutting blades in both cases have equal drilling efficiency
and have'né ditferénce irf dfiifgFesrtice. f0048]- " 9TRE GrllGRR R Ging 6 TRE préddntindéntion may
be a drilt for ispot wedding exigliatien whictehas adormh astshowreihFig.i8 (eremafter, referced to as
the SGC%QWQQC’EB%@D-@H?@@P”@H@ F%_@v@@@%%@?ﬁﬁ%@?é@%@ "@_é@%@é‘” of QQHre | are
given the same numerals. Given that regarding the length of the cutting blade in the extending
direction, b (18 A ECELHG LIRHE ). Ine fehGHhrof ihé AR CEitind Blads (3)1s (R} SHd e fongth of
the thinhiRg<titting blade (1) is (B), the drill of the second embodiment also satisfies O<A.S[B. More
preferably, tha&ag&@sb?gehw tQ§@tli(SiYﬂ?é<iQt1j[63L?d&iﬂg&§§EﬁnG¢ tqaéadé&%ﬁ)s @Bttée%rﬂb ) |
Moreover, it is preferable that the rake angle (91) formed by the main_cutting blade and the rake angle
B o e B e e R e e
includecPangfe @I} forfiet By thé At Gt BRade &nadhé iclubed arijfe (82) ¥6rdd biFthe
above-mentiosed thinning foutting ladecsatisfly alca?2¥90rir addition, thedclearance anglei(ts )

preferably satisfies Q.54,[0047],, With reference to.the drill according fo.the present inyention, a
thinning surface (8) formed by thinning cutting blade gl) Is substantially parabolic (substantially
u-shaped Shclitfig towdrd the dfif axis bitectith (€3 seEhFrEm RNt sitiBdf thedE@Ee Fig. 2
and Figd8): Asiiusteatéd ctherdinectioh of giltomoves-froml theithimningecutting dtade ¢1)csidedd the
main-cuffing-edge (2)side fdiaganally downward leftiwhen-seen-fromdhe.frontside) asdt mayes from
the driII's%izgsi e to the btgse. d side. The angle g%of th%tiIIP set,tg be |n a range of 20-35 (for
examplé 57 5y A Hignfidned above, HhisSartle Setitiy cah be achicved by 28ting the Sndié between
the centef firé in thie Witkh diréétichlofthe WvhetSOnelvisieR performs thinning and the drill's central
axis line inger@nge of 20-35 (See Fig. 5). In consideration of the helix angle of the drill, when thinning
is performed, an angle of tilting the center of the whetstone (see an alternate long and short dash line
(L) in figure 1 (a)) may be preferably set to a range of helix angle -10to helix angle +10. However, in
theory, this angle can be set to a range of helix angle -100 to 1/2 of the point angle on the cutting
blade side. These configurations (the form of the thinning cutting blade, the direction of tilt, and the
angle of tilt) are common to the drills of all the embodiments of the present invention.



[0048] Fig. 9 shows the drill of the third embodiment of the present invention, and (a) is a top view
(a figure seeing the drill from the tip side), and (b) is a front view of the tip part. Also, with reference to
the drill according to the third embodiment, a thinning surface (8) formed by thinning cutting blade (1)
is substantially parabolic (substantially u-shaped) , inclining toward the drill axis direction (C) when
seen from front side of the drill (see Fig. 9(b)). When an extension line (D) extending in a drill tip
direction a line along.the deepest partion (the deepest part cut by thinning) of the thinning surface (8)
formed by theﬁ‘t%(i:non]i’gr(ligwL %gtt%%p%?é el& fsrq;)cf%soer% té) jﬁece Side chf the dril ,ew%ﬁl& %r%gsigagﬁgéentral
part (7) 6F tRedil Ftip) GrhieRiseen PemMTroREsideorthd birlc Prefetably aldrgth of bifsat {d)isequal to
or smallter than. 10%eoktherdrill diameteraThisds because:ifitexceedsd %: drilling xesistance
increases,apd drilling efficiency of the eteriorat 0] S?d The rake angle is formed in a part
s { aadrecg féw{%g§i[ﬂ£§ I%quo : Egll@ gé}roa (%‘)’p%rgnumeral

including a part just below the chisel (4) of the thinning cutti . Inthe Fig.

(10) shoWthe Fake" e drminG thé raké arfghe: Sintethe Take 2MgIé s fdhfed i & paititiuding a
part justlzelowtthe chisel £4) the pertism/(9) whoseawidth irha direcfidr parailettosthesehisehis narrower
than the,chisel widi.(W), isformgd just-pelow {he chisel (4) (See Fig.12 (a)) . [0050]  Given that
regardinwgéength of the cutting blade in the extending direction of the main cutting blade (2), the
length of ain cutting blade (2) is (A) and the length of the thinning cutting blade (1) is (B), the drill
of the third endlsodirent satisfie$ A>Br Thetrake angle(81)fotmed by Hve aain eutting btaded(2) and
the r?}'/@ti@ngsle;&Q&I)tfoﬂ”rﬂ?ﬁé}#Yitlﬂ(efﬁi%ﬁﬁ‘&fdﬂﬁi;&_}g 1@1{%@90@& §aﬁiﬁa‘g _ lﬁ%ﬁ%&% TQﬁg@kb% 3;?19&@@ alfsc;]
satis is.just below the chisel_(4). ig. ows the drill of the fourth embodiment of the
presenttllgr‘ile\/ﬂecﬁ'fiio%nle?‘%mC (éﬁshotgps)\ﬁé\?vo ?ajlh fllé}unr%% ecfrzfighfhlenﬁfri]ffi‘rcﬁ(i)crin@fhé?L ?if):1 %%&F%naiﬁ)%s front
view of Biettip part.tAISh Wwith FBferdrce @ the rillsateobding 96 thie foukth erBadiRfekt a thifning
surface ¢8)ifesned by the: thinnring: cutting blaste=(ds is substantially parabotic (substantialiy ushaped),
inclining {pyard fhe dil gxis,direction, () wben;seen framgoni side of ihe il (see Fig. 10.(b). When
an extension line (D) extending in a drill tip direction a line along the deepest portion of the thinning
surface 18) Brmad byhe tRinhmg QUtliTg bided 17 frdifdet $5 Lttty Hladé Side ot the il SWithout
crossing-the céntead part (2) ohthendnilktipwhem seehdram frontside of thediikePreferally ength of
offset is.equakiasor smaller than 4% of he drill diameter, This-is bcause it exqeeds 1000, drilling
resistance increases anqjdrllllgj efficiency of the blade deteriorates. [ 0052] _ _The rake angle is
formed T4 paft Which is Aajacent bt doed hotintludé Bpartjasteic fhbcHiséidy ofthe thinning
cutting lsfatle {NeMdre dpecifically, the salke angledie formed ictheadinfdutting blade €2) side rather
th«';(m {c usg !é}elpvv Ibﬁﬁﬂ&ﬁii 1(6)191; Baﬁn%%gm Ag g&%@g@k@d@a@%m F@igail@ éaaﬁstftﬁﬁumﬁfahélépﬁhqwshthe
rake face forming the rake angle. iven that regarding.the length of the cutting blade in the
extendirﬁi’agh (azli%ecf—%ior%] %%?ﬁé maj &}{[%né: é%dg?Z)ﬂhcgl Ieﬁé?%gf'thg %&ﬁﬁ%ﬁ%g b‘—fladtzh is E&‘Y') and the
length of &¥e - thirtiing Tuthify Bladei@d i3 18), aHe &l ot the fedrr BATiodent BatisfiégdeAs -B. The
rake angled81) formedbythe raiicutting hiadeA2)sandthe rakeangle {82) fermed by thedhinning
cuting Hadersatisfy BlzfesOi Honeyel Jt fegames 02406270, 5 mostOnaRlyjystielgw the

chisel (4). [00541 Fig.11 shows the drill of the fifth embodiment of the present invention, and (a) is a
top view- (Ffigiire skefng e Gl from et sidE]iand () 7s A Frdift View BFtePfip BartN RSS! with
referendestd the duilt acegrdihgde therfauith embodiment cacthinning serfaCesfofmetkly: thes thinning
cutting blader(d)4s substantially parabalic (substantially4-shaped) cinclining toward the,drill axis
direction (C) when seen from front side of the drill (see Fig.11(b)). \%lhen an extension line (D)
extendir intgﬁri?f%%ir%%ﬁgn a line along the deepest portion of the thinning surface (8) formed by

the thinhikg<ditting blade (1) crosses the central part (7) of the drill tip, when seen from front side of
the %rilll- [Ooﬁﬂchcoﬁﬂqf@;%ngr]&ismw% irngl Q?ft(wh@msgadjac%@tkti@ @#QP@%QOEW a pgrt
just below the chisel.(4) of the thinning cutting blade (1). More.specifically, the rake angle is formed in
e mais e e e e T e e (1. I
Fig. 11 @) theumerald £0) shows the fakeraceRérinitig therakel aiglec $0056 1 he Givehahat
regardinththedength of dhe euitingsaladerinitbe extending:ditection ofitha mainkadtting dlades2), the
length naj ti I [ a I f thinpi ' lade, (1).i , the drill
of the fi %%n%gntgga%s%%%%éT e rakg]gngl%g 1(% %E?ne%'ﬂt?yr}[%%%r%%%%?ﬁﬁn t(%%a%%% ) and the
rake anfR (&2 Frorhied by the thirtiAg Gulting blade tBrsatikny BI>8356. HéwE@@r,qg:Bééonﬁés e2-40
(02<0, atmoste0) ety just below theschisel(d. 0057k npWithrreferehnce 0 thendrilts according to the
above-mentioned,third 4o fifth erabodiments..as well as the: drills obthe.abgvemeptioned firstand
second embodiments, the thinning cutting blade (1) has a feature of being substantially parabolic
(substantiallyU-shaped), inclining toward the drill axis direction (C) when seen from front side of the
drill. This can reduce the load on the chisel and nafrow the chisel width even if the formula 0<A-28-B is
not satisfied. Specifically, the chisel width after thinning can be narrowed to about 3 to 5% of a drill
diameter. Therefore, the drill can reduce the drilling resistance and thus obtain ultra-high efficiency of
the blade, which exerts a great effect on drilling holes by manpower.



[0058] Described below is the whetstone profile for the generation of the thinning cutting blade (1)
in the drill according to the present invention. Fig. 13 and Fig. 14 illustrate an example of whetstone
profile and a rotational end part (periphery part) of the whetstone. The whetstone has one or more radii
of curvature in the rotational end part. One of the radii of curvature of the whetstone is R1 and this R1
is a radius for the generation of the thinning cutting blade that is mainly applied to the cutting blade.

Next, a Bad;{%s of curvature 0&2 fordr;ji:[l? a %urvq:deglirf%cenwhicg IS %c%jaagerslt to R1 an%s%rﬁgothl
connected With K1 is provided so tha |]t m%nly contacts with a hee par? [00 ]e dsed Oif the
combin&tiohl6Fithe Woadit 6f ed¥affe -R1 and R2, a size relation of R1 and R2 (R1-122, Ri<R2,
R1>R2) isriteredyiger RBisprovwded between R1 and R2 in order to correspond to a thicker drill, or
smaller R4 R5 are formed in a whetstone corner in order to converge a large radius of curvature to

whetstone width, according to a ratio of a diameter and a core thickness of the drill as shown in Fig.
13. Morkvét! a whdtstone that Eombites oné 6F idie Hhove-rhihtioned radibidiistiFe 8an also be
used. Futtkermere: thinhingzmaycalso be) pedoemenkby ircludnd agtnaighbieart hetiween:thé R parts or
providing & tilt pndhe sideassshown insFig, 144 [EXAMPLES]{ 0060L, = Hereipafter, the effect of the

present inv_entiog will be clearer, bg/ Igihowm test results on the drill in the examples and comparative

examples Bélovr actordingts thepresentifventbh - Hewsver the préseht inddmion s hSiited to the
following examples/insaryavay {006 £ t¢. Altestdiasetkon! the!l relation between a length of the main

cutting plade (Apand a lergth of the thinping cuiting bladedBY. test dx therelation between a length
of the main cutting blade (A) and a length of the. thinning cutting blade, (B)> Six different kinds of
thinning’“z\a/%vrilﬁ?B éi]zegﬁs %V%H?na‘fla%fégrli%vg% g%rjfé}mae oﬂf%tidllf?ﬁ v%ﬁ)ﬁbgig%r?ﬁnad@n%gtseg?ﬁg 5mm in
radius), 2hddifiis - fife eXarhpledrditPcdifparativé examples were produced. All Clearance angles of
the drills wete sef asi4 andallschiselavidths weretsetasi®:Gmm. [0062] [Table 1] A(mm) B(mm)

Exan“ﬂﬁﬁfﬁ54§?E%%mpgh%&é)gﬂé@gggmgé%%gé%gl view perpendicular to the
thinning part, and (b) shows a cross-sectioconal part (A-A cross
section) of (a).

[ Fig. 7] It shows another example of the edge form of a rake face.
[ Fig. 8] It is a front view of an tip part showing another example
(a drill for spot welding exfeliation) (the second embodiment) of
the drill according to the present invention.

[ Fig. 9] It shows a drill of the third embodiment of the present
invention, and (a) is a top view (a figure seeing the drill from
the tip side), and (b) is a front view of the tip part.

[ Fig. 10] It shows a drill of the fourth embodiment of the present
invention, and (a) is a top view {a figure seeing the drill from
the tip side), and (b)) 1s a freont view of the tip part.

[ Fig. 11} It shows a drill of the fifth embodiment of the present
invention, and (a) is a top view (a figure seeing the drill from
the tip side), and (b} is a front view of the tip part.

[ Fig. 12] It is a cross sectional view cutting the drill according
to the present inventien in the longitudinal direction {the
direction of drill length) along the chisel, and (a) is the drill
of the third embodiment, (b) ig the drill of the fourth embodiment,
and (¢) is the drill of the fifth embodiment.

[ Fig. 13] It shows an example of the whetstone profile for generating
the thinning cutting blade in the drill according to the present

invention, and shows a rotational end part (a peripheral edge) of



Example 4 2.5 2.5 Comparative Example 1 3.0 2.0 ComparativeExample2 4.0 1.0 [0063]  Following
the attachment of the drills in-the above-mentioned examples and comparative examples to a
rechargeable drill driver (manufactured by Panasonic), in all examples in Table 1, the same operator
conducted a cutting operation until the peripheral cutting blade was sunk into a metal plate (quality of
the material SS400 and 9mm in thickness) by manpower (see Fig. 15) .Operators evaluated the ease
of the c%ging ogejéaticon I%y each drill based on the following standards. Evaluation results are shown in
Table 2 -2€riterionTor éValuation> g *light (requiring little force for drilling) O relatively light (requiring
a little foree or dfillidg) X chesany @EqUirng & fargefolcetior ariling) §0064] [rables2]e :Rvaluation

Exampledeg Exampled cutting blade in the drill according to the present
invention, and shows a rotational end part (a2 peripheral edge) of
the whetstone.

[ Fig. 15] It shows a test method of the drills of the examples and
comparative examples.

[ Fig. 16] It is a top view (a figure seeing the drill from the tip
side) of the conventional drill.

DETATLED DESCRIPTION OF THE INVENTION

[ 0028] Hereinafter, preferred embodiments of the drill according
to the present inventicn will be set forth with reference to the
drawings. ¥ig. 1 shows the first embodiment of the drill according
to the present invention, and (a} is a top view (a figure seeing
the drill from the tip side), and (k) is a front view of the tip
part.

[ 0030]

The drill according tc¢ the present invention has two cutting
blades which are formed symmetrical about an axis of rotation, and
has a tip part on which thinning is performed. The cutting blades
consist of a thinning cutting klade (1} extending from a chisel
edge toward a peripheral side of the drill to become a shape
including curves, and a main cutting blade (2) extending from an
end part of the thinning cutting blade (1) to the peripheral end
of the drill, when seen fromtip side cf thedrill. In the illustrated
example, the main cutting blade (2) extends in a linear fashion
from an end part of the thinning cutting blade (1) to the peripheral
end of the drill, but it may extend in a curved fashion, in a linear
fachion, and in a linear and curved fashlon. This is common in all
the embodiments of the present invention. Inthe illustrated drawing,
(3) is a frank face, (4) is a chisel, (5) is a rake face shaped
by the main cutting blade (2), (6) 1s a new rake face shaped by
thinning, and (W) is a chisel width.

[ 0031

Given that regarding the length of the cutting blade in the
extending direction of the main cutting blade (2), the length of
the main cutting blade (2) 1s (A) and the length of the thinning



Example 3 (c) Example 4 0 Comparative Example 1 X Comparative Example 2 X [0065]  As shown
in Table 2, the drills in the examples (0<A-54B) were able to easily drill the metal plate compared to
the drills (A>B) in the comparative examples. That is, the drilling resistance was small. In particular,
the drills in the examples 1-3 (0<A<B) had very small drilling resistance. [ 0066] <Test 2: Comparison
1 with competitors' products, etc.>  Four kinds of drills (08.5mm in diameter) shown in Table 3 were

prepared. The drill in the mple 5 is a drill according to the present 'nvention%see Fig. 1) and the
il In 15 COIPATANE oL 515 Fre e SOnf oA onb S A e g e 2 (0, Feecively.
[0067] [PaBleB] ProduceNbatew ConfigurationtExamplens Preseritti Aventidm fig. (1L Compaeativ

Example3 be equal to or larger than the length (A) of the main cutting
blade (2), the drill can, in some cases, significantly decrease
drilling resistance compared with the conventional drill which
satisfies A>B, as shown in the examples and comparative examples
described below. However, in the present invention as shown in the
erbodiments (see Fig. 9 and Fig. 11) described later, A>B may be
also preferable. '

[ 0032]

With reference to the drill of the first embodiment, it is
desirable to lengthen the length (B} of the thinning cutting blade
(1) and to sherten the length (A) of the main cutting blade (2)
as much as possible, since the higher the percentage (B/{A+B)) of
the length (B) of the thinning cutting blade (1) in the total length
of the cutting blade (A+B) is, the more the drilling resistance
is decreased. However, if the length (A) of the main cutting blade
(2 is 0, profile irregularity cf the drilled hole will be reduced.
Therefore, A is required to be larger than 0 (C<A). It is preferable
to set the lengths so that it can satisfy Rx0.1=2A with respect to
a drill radius (R).

[ 0033]

Fig. Z shows a drill of the first embodiment seen from only
slightly left to the front side. The rake angle (9;) formed by the
main cutting blade (2) and the rake angle {6;) formed by the thinning
cuttingblade (1) satisfy 6,>8,>0°. However, it becomes 8,50° (8,<0° ,
almost 0° ) only just below a chisel (4). The fact that the rake
angle (8;) formed by the thinning cutting blade (1) is smaller than
the rake angle (8;) formed by the main cutting blade (2) means that
the apparent rake angle becomes smaller by thinning. The larger
the rake angle is, the more the portions of the blade edge dig deep
into the workpiece. It causes no problem when the drill is rotated
by a power source such as a mechanical tocl, but it does cause a
problem when for example, the drill is pressed against the workpiece
by manpower such as a hand drill, and conseguently the cutting blade
has trouble in drilling the workpiece due to a lack of the manpower

against load. In the present invention, the thinning cutting blade
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Cobalt MasamuneDrill manufactured by Ishihashi Seiko Co.,Ltd Fig. 16 (a) Comparativ e Example 4
Geneéral-purposeDrillmanufacturedby Mitsubishi Materials Kobe tools division Fig. 16 (c) Comparativ e
Example 5 Drill in thecomparative example4on whichthinningwasperformedbythe applicant Fig. 16 (b)
[0068] Following the attachment of the drill in the above-mentioned example 5 and the comparative
examples 3 - 5 to the rechargeable drill driver (manufactured by Panasonic), in all examples in Table

3,thes operator conducted a drillin ration Qn the metal plate (quality of the material SS400
and 9m?§1q'1iﬁ th?ck%é%@?gydcrﬁaﬁ&?ﬁgé W gﬁ%boﬁ? 7 %}oagf;%é eﬁ%%af%rrﬁ hgag?ﬁl t?ﬁ)l ﬁ)ﬁl elﬁeripheral

cutting sladetsafieir el weikpiece Fillihg Yas terhperarily stéyspéd. st after cheekingitheshape of
the hole; déllingrwas €oatinued tbikthesperipherad cuttingi blade1sank teepesakvaluationdesults on

e hanLaft houniy [ e et e e e R e SR e o
[0069] such as a hand drill.
[ 0034)

The reascon for setting 6;>0° is if the rake angle (8,) formed
by the thinning cutting blade (1) is =0°, drilling resistance will
actually increase and the drilling efficiency will deteriorate.
With reference to the conventional drill, thinning is performed
so that the rake angle can be minus for the reason that 1f the rake
is provided in the central part, a blade edge can be easily chipped.
[ 0033]

There are some helix angles of & drill depending on a kind of
driils, and the helix angle is generally set at around 30°. However,
at this angle, drilling resistance is large and it is not appropriate
for drilling holes by manpower using a hand drill. Although some
methods reduce drilling resistance by making a helix angle smaller
and thus making a rake angle smaller, a method of changing apparent
rake angle by thinning only, like the present invention, without
changing the original helix angle of around 30° rather than
producing a drill by changing the helix angle has the advantage
of doing this extfemely easlly.

[ 0036]

An included angle (ol} formed by the main cutting blade (2)
and the included angle (uZ) formed by the thinning cutting blade
(1) satisfy al<a2<90°® (See Fig. 6 for ol and «2).

[ 0037]

Here, supplementary explanation about the rake angle and an
included angle will be added. With reference to the rake angle {(rake
angle before thinning formation) which the drill originally has,
the included angle 1s too sharp and the blade edge digs deep into
the workplece like a wedge, thereby increasing the drilling
resistance. By performing thinning, the rake angle reduces and the
included angle increases, thereby improving the drilling efficiency
(decreasing drilling resistance). In particular, according to the

thinning performed on the drill, a loose rake angle and a larger
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[Table 4] Hole Shape Drillbehavioruntiltheperipheral cutting blade sank in the workpiece Example 5
Cone Shape Rotating smoothly,and not moved rattly until the peripheral cutting blade sank
Comparative Example 3 Pentagon Starting to move ratttly from the middle, and continued until the
peripheral cutting blade sank Comparative Example 4 Triangle Starting to move ratttly from the middle,
and continued until the peripheral cutting blade sank Comparative Example 5 Triangle Starting to

move rattly from ghe, middle. and gontinued gl the peripheral cutting blade sank [0070] {Table 5

Drilling efficiency of the cutting blade and chips after the peripheral cutting blade sank in the workpiece
A

ExampléBNefy

fght. Fine consecutive chips were emitted. Comparative Example 3

F 0038

A clearance angle (B) is set to satisfy 0°<B< 8°, Preferably,
it is set to satisfy 0° <B=4" . Generally, it is considered that
high drilling efficiency can be cbtained by forming a sharp blade
edge by setting the clearance angle larger and the rake angle larger,
and thus commercially-availlable drills have this kind of profile
in common. However, i1f the clearance angle is set To be larger as
well as the rake angle, the blade edge gets sharper, mors portions
of the blade edge dig deep into the workpiece and thus it has trouble
in drilling the workpisce if the drill is pressed against the work
plece by manpower such as a hand drill. In the present invention,
setting the clearance angle smaller, at 0° <8 =4° allows less
porticns of the blade edge to dig deep into the workpiece, and the
blade can easily cut even if the drill is pressed against the
workpiece by manpower, such as a hand drill.
[ 0039]

Here, the clearance angle (f) is defined by the following (X)
or (Y).

(X} An angle between whetstone's horizontal center line and
drill's central axis line, obtained by aligning a center of the
drill' s tip part on the whetstone's horizontal center line of
whetstone's periphery which has a radius of 50 mm or more, contacting
the cutting blade of the drill's tip part with the whetstone's
horizontal center line in a parallel (=shorizontal) fashion, and
moving the drill’'s posterior end below the whetstcne's horizontal
center line while setting the drill's tip part as a supperting point.
(See Fig. 3 {(a)).

{Y) An angle between whetstone's horizontal center line and
drili's central axis line, obtained by aligning a center of the
drill'" s tip part on the whetstcne's horizontal center line of
whetstone's lateral side {vertical surface), contacting the cutting
blade of the drill's tip part with the whetstone's horizontal center
line in a paraliel (=horizeontal} fashion, and moving the drill's
posterior end below the whetstone's horizontal center line while

setting the drill's tip part as a supporting point (See Fig. 3 (b)) .
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Relatively light. Fine continuous chips were emitted. Comparative Example 4 Heavy. Intermittent chips
were emitted for a while. Comparative Example 5 A little heavy. Continuous chips were emitted, but
they are not fine. [00711  As seen clearly from Tables 4 and 5, since drilling resistance of the drills
in the examples is smaller and they have less fluctuation compared to the drills of the comparative
examples, drilling can be easily conducted with a small force and fine consecutive chips were emitted
while drilling.@peration. Besides, at the sites where a part such as autoparts and electrical parts is
manufactured In large quantities, consecutive chips_ with a Eossibility of coiling around a drill are not

preferable bef&Se 6Fa méchaRital'dutoniatorrAfid urim. Gstation® Therefore: drilF - |
manufacturers rravégivers prictity tothe 'develdoprmentoiardrifl Sditable forlaatornatitimachines that do
not emit-genseqiliverehips: Hovever, atithesites where adand drill4s ugeddeor fitting.ofa railroad
vehicle, tg% oglt}hel%it%sswggg%% ma drillf?;;escshig u&gg, %iggg}gggrastor f)nag(é'u%t remoyve chips,
operatingte |C|engy improves as the drilling’ effiCiency improveseven i Consecutive chlzf:l)rg aré emitted.
In additiohe chis ElGggineewithea 8k s dedp Aoles &iréfibved-becanse- of Hreadmission of the chips
along a thill greoves §@0 73] <lest @i Comparison2uwith competiters preducis sgte:» ¢ Four Kinds of
drils (0.5myg In diameten) shaun,in, Table 6,wre prepaad. e drl in fhe example & Js g diil
according to the present invention (see Fig. 1), and the drills in the comparative exampfes -8 have the
configurEtishs shewiPinfRige tely - (€), respedfivély CBESABS Stheteddon thatd - BiEfister® was set
as 6.5 num isXfor. nTaking the perpheralctdting:btadel o feachra fmetalplate(Brammiadhickness) which
will be mentioned-later before-the drill tip penetrates the metal plate. [0073] [Table 6] Product Name
Configura tion Example 6 Present Invention Fig.1l Comparativ e Exam?alejeﬁ

CobaltMaSamiinsBRllfrARGaturedby fshifidshi SEiko-Co 11 By P tan ((1-cos

{sin™*0.5 W/R))R/0.5W)
(Y) In the case of Fig. 3 (b): clearance angle=p

For example, the actual clearance angle of a drill with a
diameter of 10 mm and a web thickness of 2mm which performs grinding
with a whetstone with a radius (R) of 50 mm and a clearance of 3°
will be about 3.573°.

[ 0041]

It is preferable to set the chisel width (W) (see figure 1(a))}
smaller so that the blade can easily cut the workpiece even if the
drill is pressed agalinst the workpiece by manpower such as a hand
drill. Specifically, it is desirable to set the chisel width to
10% or less of a diameter of the drill. For example, if a drill
diameter ¢ is 2-13 mm, the chisel width (W) is set to be in a rangse
of 0.1-0.8 mm, depending on increase and decrease of the drill
diameter.

[ 0042]

In the present invention, an angle of thinning is set to be
smaller compared with the conventional drill. Conventional thinning
precedes strength and rigidity of the drill itself and thus sets
larger the angle (8) of contacting the drill to the whetstone at
the time of thinning formation. (See Fig. 4(a)). If the angle (8)
is set to be as small as possible and the center of the drill is
moved closer to a tangential line of a grinding surface of the
whetstone, drilling resistance on a central part of the drill,

called a web, will be reduced, resulting in significant reduction
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Comparativ e Example 7 General-purposeDrillmanufacturedby Mitsubishi Materials Kobe tools division
Fig. 16 (c) Comparativ e Example 8,thinning Drill in the comparative example 7 on which was
performed by the applicant Fig. 16 (b) [0074] By using the drill press (manufactured by Kitagawa
Iron Works Co., Ltd.) provided with the drills in the above-mentioned example 6 and the comparative
examples 6-8, in all examples in Table 6, the same operator conducted an operation to drill a through

hole in a metal plate.(quality of the material 55304, 3mm in thickness, 60mm in width, and 320mm in
length). %’Eetglpeg%ﬁ&nﬂyvja%%éo%%ﬁtl:tge%aélocn@‘[inuoﬁgl)f%ln%'stqopgg)d‘? hen the operator judged that the drill
was unlsabfe*{impossible to drill a hole), and then the operator evaluated the durability of the drill

depending ontthetmumperetthe drleshhales., Results ate shewnlia Table 4+ [@0:E5]{1gble 4} Results
Examplﬁ@il}qmﬁgbg%si%gs were, goé&ngf%ftecrrgéillﬂgﬂ%q,m Sy El).lt @gcpol% ggilling was continued

since the drilling resistance was nearly unchanged from thebeginning. A small increase of the

abrasiorls WasTguRdatter tiliig 268 hotds Bt 1hé Rold arifihg WasScomtiHued sifdd fo'craéks were
found and the drillirg. resistamceawas unehahded: Sineemmimoe crackshand pfogression ohabrasions
were found afterdrilling 300 holes, the hole drilling was stopped even though it seemed that the drilling

can be still onﬁ?ued. Comparative Ex mpl%ca The hole drilling was stopped when drilling 100 holes
W

since cracks wers 8l fh the p&Tidhery ard thinhirig OF e arill g sdge palt andthd diftfing resistance
increased- aftek drillggr9gitdles. :Comparativie Examipkt? Thesoleldrilling waststoppethsineea cracks
and largesabrasion ‘werefeund in the periphery and thinning of the drill's edge part after drilling 24

holes. Compa}gative Example 8 The hole drilling was. stopped since.cracks and large abrasion were
found in e e RO (ARG ot T8 QMo A At Al 50 hofes e esid
(IT) is obtained in the case of a point angle of 118%and a helix

angle of 30°, and is not necessarily preferable for all the drills.
In theory, an upper limit of the thinning angle of the
above-mentioned (II) can be set to a range of a half of the angle
(i.e. if the angle is 118°, it is 59°) at a position (=a point angle)
parallel to the blade edge of the drill.

[ 0044]

Next, thinning shape will be set forth. Fig. 6 (a) shows a cross
sectional view (A-A cross section of Fig. 6 (b)) perpendicular to
the thinning part of the drill. In the example shown in Fig. ¢ (a),
the edge part (a boundary part with the rake face (5) formed by
the main cutting blade (2)) of the rake face (6) formed by thinning
is ach-shaped by a radius (R2) of thinning. In addition, (R1) is
a radius of a groove part of the drill. As illustrated, the rake
angle (9;) formed by the main cutting blade (2) and the rake angle
(82) formed by the thinning cutting blade (1) satisfy 8.>8,>0°.
Furthermore, the included angle (ol) formed by the main cutting
blade (2) and the included angle («?2) formed by the thinning cutting
blade (1) satisfy ol<w2<90°.

[ 0045]

In the present invention, the edge form of the rake face may
not cnly ke an arc-shape but alsoc a form combining an arc and a
straight line (See Fig. 7.). The inventors confirmed through
experiments that 1f the edge form of the rake face is an arc-shape
(Fig. © (a)) and a form combining an arc and a straight line (Fig.

7), cutting blades in both cases have equal drilling efficiency
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[0076] As seen clearly from Table 7, The drills in the examples has the durability that far exceeds
that of the drills in the comparative examples against 5135304 which is a material more difficult to cut
than a SS material. [0077] <Test 4: Comparison with applicant's other inventions>  Three kinds of
drills (08.2mm in diameter) shown in Table 8 were prepared. The drill in the example 7 is a drill
according to the present invention (see Fig. 8). The drill in the comparative example 9 is a drill that

was described in Tok 10-203777 (the prior application by the applicant), and the drill in the
S S L Baschbeh ' S pHE

ug
comparative examplréol(s%{]ﬁé%ag driff that was n gg%lpseﬁ Af‘ddcument 2. Besides, there is

almost hd'difference in performance between qualities of the materials. In the drill in the example 6, a
tilt angle betwees the whetstone for perfarming shipring-and a giill axisowas set as: 22.5:(20r35 of

nole (so6 Bl A o 0) TOB76T Lrable 1 Chioichn L angle odalty o el ample 7

0.5mm 366G SKHBY EGmparative Ex&niisle BP0 38 AP SK 56 CHHIFAThtive Exatfplé 20°8.8mm 32

PowderkighESpeed, same components as shown in the drill of figure 1 are
given the same numerals. Given that regarding the length of the
cutting blade in the extending direction of the main cutting blade
(2), the length of the main cutting blade (2) is (A) and the length
of the thinning cutting blade (1) is (B}, the drill cf the second
embodiment also satisfies 0<ASB. More preferably, the lengths are
set to satisfy Rx0.1=A with reference to a radius (R) of the drill.
Moreover, it is preferable that the rake angle (9:) formed by the
main cutting blade and the rake angle (6:) formed by the thinning
cutting blade satisfy €:>0,>0°. Furthermore, it is preferable that
the included angle {(ul) formed by the main cutting blade and the
included angle {a2) formed by the above-mentioned thinning cutting
blade satisfy ol<e2<90°. In addition, the clearance angle (8)
preferably satisfies 0° <f =4°
[ 0047]

With reference to the drill according to the present invention,

a thinning surface (8) formed by thinning cutting blade (1) is
substantially parabolic (substantially u-shaped), inclining
toward the drill axis direction (C) when seen from front side of
the drill {see Fig. Z and Fig. 8). As illustrated, the direction
of tilt moves from the thinning cutting blade (1) side to the
main~cutting—@dge(2)sidé(diagonallydownwardleftwhenseenfrom
the front side) as it moves from the drill's tip side to the base
end side. The angle (y) of the tilt is set to be in a range of 20-35°
(for example, 27.5°). As mentioned above, this angle setting can
be achieved by setting the angle between the center line in the
width direction of the whetstone which performs thinning and the
drill's central axis line in a range of 20-35° (See ¥ig. 5). In
consideration of the helix angle of the drill, when thinning is
performed, an angle of tilting the center of the whetstons (see
an alternate leong and short dash line (L) in figure 1 (a)) may be

preferably set to & range of helix angle -10°to helix angle +10°.
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Steel [0079] By drilling holes in the workpiece (exchange panel, high-tensile steel plate of the
Daihatsu Move car) with the above-mentioned three kinds of drillS, the drilling efficiency and durability
of the drills were checked. The hole drilling was performed to the same extent of the depth in all
examples in Table 8 without drilling a through hole so as to avoid breakage. First, by drilling one hole
at a time using the above-mentioned three kinds of drills, the drilling efficiency of the drills was

checked, Results are shown in Table 9. [0080] [Table 9] Drilling efficiency Example 7 Cut very well.
Compa(r%ﬁ‘\'/"é3 Eltvery vi\}g)IﬁOE%érﬁ%?eJ‘“ l’%@n%pg?a?i\?%e@gr%pqg fO ]aﬁ%v%lﬁﬁe%%)ijﬁnx ﬁﬁ%g%%st power
kinds of drflls. &mohgdhe threkee[0oBi]t aFHelRolemrifing was pérerhed dsingihe drifls s the
above-mentinnecrexample 7 anddhercamparativerexamples:9-1Q. Thewopetatiopwas: condusted

continuosly. apd sfomped yehen the.pheratoriydged inat he drl was inusable (ymeossible o dril a

hole), and then the operator evaluated the durability of the drill depending on the number o tshe drilled

holes. R¥Esufts ardé BRofMTT bR, 16, (0683 T able et 1nvention.
1 0048)]

Fig. 9 shows the drill of the third embodiment of the present
invention, and {(a) is a top view {a figure seeing the drill from
the tip side), and (b) is a front view of the tip part. Alsc, with
reference to the drill according to the third embodiment, a thinning
surface (8) formed by thinning cutting blade {1} is substantially
parabolic {substantiallyu-shaped), inclining towardthedrill axis
direction (C) when seen from front side of the drill (see Fig. 9(b}).
When an extension line {D) extending in a drill tip direction a
line along the deepest portion (the deepest part cut by thinning)
of the thinning surface (8) formed by the thinning cutting blade
(1) is offset to heel side of the drill, without crossing the central
part (7) of the drill tip, when seen from front side of the drill.
Preferably, length of offset (d} is egual to or smaller than 10%
of the drill diameter. This is because if it exceeds 10%, drilling
resistance increases and drilling efficiency of the blade
deteriorates.

[ 0049]

The rake angle is formed in a part including a part just below
the chisel (4) cof the thinning cutting blade (1}. In the Fig. 9
(a), the numeral (10) shows the rake face forming the rake angle.
Since the rake angle is formed in a part including a part just below
the chisel {4), the portion (9} whose width in a direction parallel
to the chisel is narrower than the chisel width (W) is formed just
below the chisel (4) (See Fig.l2 (a)).

[ 0050] ..

Given that regarding the length of the cutting blade in the
extending directiocn of the main cutting blade (2), the length of
the main cutting blade (2} is (A} and the length of the thinning
cuttingblade (1} is (B), thedrill of the third embodiment satisfies
A>B. The rake angle (8;) formed by the main cutting blade (2) and
the rake angle (6:}) formed by the thinning cutting blade (1) satisfy
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Durability Example 7 Still possible to drill holes without requiring big power even after drilling 50 holes.
Comparative Example 9 Stopped the operation since it seems to require big power after drilling 15
holes. Comparative Example 10 Cut well until 3 holes were made, but the drilling efficiency gradually
deteriorated and it became very hard to cut after drilling 6 holes, and then stopped the operation since
it seemed to require big power after drilling 9 holes. [0083] As seen clearly from Table 10, it turned

out that the drill in the example 7 has both drilling efficiency and durability unlike, the drills in the
compargﬁvgjz exbarﬁplés% g%d& %Oérﬁ/%rggvgrg%?oégg-uﬁso%%e%\%t%rpdlfs t e%t/ﬁ:l)i of ¢ eg’%hedﬁ#%ﬁgv%ed that in

the drills Y the comparative examples 9 and 10 the chisel edges abraded largely, but on the other
hand, ir the=drill in the example 6 the abrasion of the chisel edge was small and the whole blade edge

abracled equally.dsspite. & pumber qthales s toe il .06 example . Singe te gilin e example 7

has the widest chisel width, it can be assumed that the power to push a operator's drill was distributed
and the chi<et bage wad Rss Blibjett fo & aBiddior Gompared to*fife difilsTindhe comparatife
examples$:9 dnd> 16, akowingrallarge numbef obholevdsiting fincaddition, itds tonfensplated. that the
rf?]sonhﬁfhez‘fgﬂg&ﬂgéor@@ ?GH@:‘@E%@ﬂE%@BElz%@ld@iaeﬂkgomlé}@af@%l%@%is%éwg@i\%% %ﬁqzlnged even
if the chisel width was enlarged is that the drill had, a rake.angle suitable for drilling. . Test
based o erHbec S RIIGL ) I tHe BH0Ue ribionehr TES -4 G b PP Ed It 1 il
which s&tisfieseg<A-BER ¥s excalRhe ntdrillidg efitientycobpared witkethechrill whieh doesirot satisfy
the sameci#s>8). Heweyer, 1as a resultaffushesadditipnahiests; dae inventors:have diservered that a
drill whi inning s e af th ecifi ape (specified.in Claim 1) may obtain excellent
g S e B e T e (o S K o o
below. ['6085]9% *AddifibRally; SH0F the dfills 1 the abo\e-AiehtioRBR TXAniEs 197 have &ltfinning
surface i &rspecificsshapec(spééifieddmdain §), and alhohtherdrillsun the gonipatativiel éxamples 1-10
do not havedhinning sifacein the specific shape. Sypplemental explanations on.the drill.used in the
above-mentioned Test 1 (the éxamples 1-4 and comparative examples 1 and 2) are given with regard

) 2
to this poffit “ffthePPast 1 five Rinds'6t siZes’of thiting Were F&FSrigdTor oheKind bFarilP fnainly for
the purpdse diséttingFthe fropdriion ofsA®: THiAnMytwas perfermved byccreatingatheer than
whetstonemaintyusedfor allowingifor4:5mm thinning;an the diillsespecially the whetstong;shown in

Fig. 13 (2). Since all of the chisel widths were set as 0.5mm, the Ig th, of the thinnin tting blade (B)
o o A ChEGG 6 A At P o Sk (o) S Pt R BrARE S 1A trinning
was shapeeRih@state &s shown in Fig. 4 (b) in which the whetstone made a deep contact with the
groove phthexrill (8< 20), although in the comparative examples 1 and 2 thinning had to be shaped in

a state nearly:as shawn in Fig, 4 (a) inwhich the whe relatively shallow, contact with the
groove of theij}sﬁl. I%‘(I%hus,r%he@rleesuﬁ Wa;g 8>%(1).) T té]jlret%gr)g,gﬂﬂ%g'r%@ iﬁ%heg gigr%%?e% f%f %&l\%e the

thinning“$iffacestofthe ‘dbovesmentioned Spetfficihape’ CPeéified it CI&im 1) SBGRSH the Gther
hand, incthetrcomparative ekamplgs dcang2dthé shapey whernsseeikg from the side>ofdbe drill tips

became.as afc shapes Neatlyas;shown jn Fig:16. (), and the thinping surfaces shaped by the

thinning cuttin%_blades did nat become substantially parabolic shapes, inclining toward the drill axis

direction's wheh S66ing oM R front SidBBrthe ild ut betame S%gpé@ Jats HESHIV HIBTE Rircles.
Besides! itlMid ot appsarinclinet towasd floe dfilh axisidirectiéns.40086].<Test 5: additional test 1> (1)
Setting pha ¢ltill diameter ~ Based on the actual situation of work sites, the drill diameter was set as

followings three fypes which are base,ole diameters of the screws: 1. M4 03, 3mem 2, M5:,04.2mm

extending direction of the main cutting blade (2), the length of
the main cutting blade (Z) is {(A) and the length of the thinning
cutting blade (1) is (B), the drill of the fourth embodiment
satisfies O0<AZR. The rake angle (6;) formed by the main cutting
blade (2) and the rake angle (8;) formed by the thinning cutting
blade (1) satisfy 0>0,>0°. However, i1t becomes 8,=0° (8 2<0°,
almost 0°) only just below the chisel (4).
[ 0054]

Fig.1l1l shows the drill of the fifth embodiment of the present

17



3. M6: 05.2mm [0087] (2) Manufacture and test of the drills in the examples  For the
above-mentioned three kinds of diameters, the drills in the examples 8-10 were manufactured on three
conditions shown in Table 11. [0088] (Table 11] DrillDiameter (mm) Drill Shape ChiselWidth (W)
Example 8 03.3 Fig. (a) 9, Fig. 12 0.23mm Example 9 04.2

invention, and {(a) is a top view (a figure seeing the drill from
the tip side}, and {b) is a front view of the tip part. Alsc, with
reference to the drill according to the fourth embodiment, a
thinning surface formed by the thinning cutting blade (1} is
Substantially parabolic (substantially U-shaped), inclining
toward the drill axis direction (C) when seen from front side of
the driil (see Fig.1ll(b)). When an extension line (D} extending
in a drill tip direction a line along the deepest portion of the
thinning surface (8) formed by the thinning cutting blade (1)
crosses the central part (7) of the drill tip, when seen from front
side of the drill.

[ CG55]

The rake angle is formed in a part which is adjacent to but
does not include a part just below the chisel {4) of the thinning
cutting bilade (1). More specifically, the rake angle ig formed in
the main cutting blade (2} side rather than just below the chisel
(4) of the thinning cutting blade (1). In Fig. 11 {(a), the numeral
(10) shows the rake face forming the rake angle.

[ 0056]

Given that regarding the length of the cutting blade in the
extending directicn of the main cutting blade (2), the length of
the main cutting blade (2} is (A) and the length of the thinning
cuttingblade (1) is (B), thedrill of the fifth embodiment satisfies
A>B. The rake angle (8:) formed by the main cuiting blade (2) and
the rake angle (8;) formed by the thinning cutting blade (1) satisfy
61>0,>0°. However, 1t becomes 6,=0° (6;<0°, almost 0°) only Jjust
below the chisel ({4).

[ CO57]

With reference to the drills according to the above-mentioned
third to fifth embodiments, as well as the drills of the
above-mentioned first and second embodiments, the thinning cutting
blade (1) has a feature of being szubstantlally parabolic
(substantially U-shaped}, inciining toward the drill axis direction
(C) when seen from front side ¢of the drill. This can reduce the
lcad on the chisel and narrow the chisel width even 1f the formula
0<KASB is not satisfied. Specifically, the chisel width after
thinning can be narrowed to about 3 to 5% of a drill diameter.
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Fig. (c) 11, Fig. 12 0.32mm Example 10 05.2 Fig. (b) 10, Fig. 12 0.34mm [00891 By using the i
drills in the above-mentioned examples 8-10, hole drilling tests were conducted to drill one hole in the
workpieces (5U5304 steel plates: 3mm in thickness x 100mm x 500mm) with the drill press
(manufactured by Kitagawa Industries Co., Ltd., Model Number KFS-410 (used at 320rpm/60Hz)),
time required for one hole drilling was measured, and chip shapes were observed. Results are shown

in Table;12 {Q@20Q){Table 12} Drll Example8 Examplesriiling resistance and thus
obtain ultra-high efficiency of the blade, which exerts a great
effect on drilling holes by manpower.
[ 0058]

Described below is the whetstone profile for the generation
of the thinning cutting blade (1) in the drill according to the
present invention. Fig. 13 and Fig. 14 illustrate an example of
whetstone preofile and a rotatiocnal end part (periphery part) of
the whetstone. The whetstone has one or more radii of curvature
in the rotational end part. One of the radii of curvature of the
whetstone is Rl and this R1 is a radius for the generation of the
thinning cutting blade that is mainly applied to the cutting blade.
Next, a radius of curvature RZ forming a curved surface which is
adjacent to Rl and smoothly connected with R1 ig provided so that
it mainly contacts with a heel part.

[ 0059]

Based on the combination of the two radii of curvature, R1 and
RZ, & size relation of Rl and R2Z (R1=R2Z, RI<R2, RI>R2Z) is altered,
larger R3 is provided between R1 and R2 in order to correspond to
a thicker drill, or smaller R4 and R5 are formed in a whetstone
corney in order to converge a large radius of curvature to whetstone
width, according to a ratioc of a diameter and a core thickness of
the drill as shown in Fig. 13. Moreover, a whetstone that combines
one or more above-mentioned radii of curvature can alsc be used.
Furthermore, thinning may also be performed by including a straight

part between the R parts or providing a tilt on the side as shown

in Fig. 14.
[ EXAMPLES]
[ 0060]

Hereinafter, the effect of the present inventionwill be clearer
by showing test results on the drill in the examples and comparative
examples below according to the present invention. However, the
present invention is not limited to the following examples in any
way .

[ 0061]

1. A test based on the relation between a length of the main

cutting blade {(A) and a length of the thinning cutting blade (B)
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9 Example 10 Hole Time Drilling (second) 14.6 16.7 21.4 Chip Shape Long Shape Curly Long
Shape Curly Long Shape Curly [0091]  Following the hole drilling tests with the drill press, by using
the same drills in the above-mentioned examples 8-10, hole drilling tests were conducted to drill holes
in the same workpieces with the pneumatic drill (hand drill) (manufactured by KTS. Co., Ltd., MODEL
AT12M, idling speed: 1200rpm). The workpieces were fixed vertically using the vise, and the hole
drilling conducted to rectangular directions in the warkpieces with the drills in.the examples 8-10
ina hori\gz%%tsa s?dte. ince the ocr)f%o?r)l?aT%%Fenqﬁlli%eéno%%pgenos Ig‘?gee@ %ﬁrfh%uatr%l&?e%d”t%&(% the
operatorstas BEY can-fotace theifBody waishis off Whé HFl cBhivared o the hole drilling to the
perpendicuas dif eetions; tlae_ cifingrfarne @rﬂh@g efficiency) isdikehnhtadbe xafle@pe_dén 1r_1um@ac_:a_d _
values.) Alr. pressute that drives.a pneumatic dill was, setas, 6:8kg/mm2. 4g addition, since,drilling time

changes depending on the arm strengrltéll of the operators, the hole drilling was conducted 3'times for

each drif"tespé 16 ddliGu Rt AVerag Ve B A sHae £ 7ol afkd BB ReSERs are
shown iATTable ¢3r[0082] frabled3pf the drills were set as 4° and all chisel

widths were set as 0.5mm.
[ 0062]
[ Table 1]

{mm) mm)

Example

Example

W] b

Example

Example 4

Comparative Example 1

Sl wlh N lol
Ol o WL

[ B ST I NG T O BT - Y =N B
olojlwvliaolo] v —~

Cemparative Example 2
{ 0063]

Following the attachment of the drills in the above-mentioned

examples and comparative examples tc a rechargealble drill driver
(manufactured by Panasonic), in all examples in Table 1, the same
operator conducted a cutting operationuntil the peripheral cutting
blade was sunk into a metal plate (guality of the material 55400
and 9mm in thickness) by manpower (see Fig. 15) . Operators evaluated
the ease of the cutting operation by each drill based on the
following standards. Evaluation results are shown in Table 2.

<Critericn for evaluation>

©@ -+ + - light (requiring little force for drilling)
O+« + *relatively light {(requiring a little force for drilling)
X+« rheavy (requiring a large force for drilling)
[ 0064]
[ Table 2]
Evaluation

Example

Example

00 0|0

1
Z
Example 3
4

Example
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23 Average Example 8 Time (second) 10.9 8.1 7.6 8.87 Chip Shape F Curly Shape Example 9 Time
(second) 9.6 12.2 10.1 10.63 Chip Shape Curly Shape Example

Comparative Example 1 | X

Comparative Example 2 | X
[ 0065]

As shown in Table 2, the drills in the examples {0<AZB) were
able to easily drill the metal plate compared to the drills (A>B)

in the comparative examples. That is, the drilling resistance was
small. In particular, the drills in the examples 1-3 (0<A<B) had
very small drilling resistance.
[ 0066]
<Test Z2: Comparison 1 with competitors' products, etc.>

Four kinds of drills (@8.5mm in diameter) shown in Table 3 were
prepared. The drill in the example 5 is a drill according to the

present invention (see Fig. 1) and the drills in the comparative

examples 3-5 have the configurations shown in Fig. 1é6(a) - (c},
respectively.
[ 00&7]
[ Table 3]
Product Name Configurat
ion
Example 5 Present Invention Fig. 1

Comparativ | Cobalt Masamune Drill manufactured by Fig. 16 {(a)

e Example 3 ) Ishihashi Seiko Co., Ltd

Comparativ | General-purpose Drill manufactured by ! Fig. 16 (c)

e Example 4 | Mitsubishi Materials Kobe tocls division

Comparativ [ Drill in the comparative example 4 on|Fig. 16 (b)

e Example 5 | which thinning was performed by the

applicant

[ 0068]

Following the attachment ¢f the drill in the above-menticned
exampie 5 and the comparative examples 3 - 5 to the rechargeable
drill driver {manufactured by Panasonic), in all examples in Table
2, the same cperatcor conducted a drilling operation on the metal
plate (guality of the material 855400 and 9mm in thickness) by
manpower . When about 70% of the length from the drill tip to the
peripheral cutting blade sank in the workpiece, drilling was
temporarily stopped, and after checking the shape of the hole,

drilling was continued until the peripheral cutting blade sank
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10 Time (second) 16.5 12.9 15.4 14.93 Chip Shape Curly Shape [0093] (3) Manufacturing and test
of the drills in the comparative examples  For the above-mentioned three kinds of diameters, the
drills in the comparative examples 11-13 were manufactured on three conditions shown in Table 14.
[0094] [Table 14] DrillDiameter (mm) Drill Shape Comparative Example 11 03.3

deeper. Evaluation results on each drill are shown in Table 4 and
5. Besides, the reason for having checked the hole shape is that
the hole shape cannot easily become a cone shape 1f drilling

reslistance changes during operations.

[ 0069]

[ Table 4]
Hole Drill behavior wuntil the peripheral
Shape cutting blade sank in the workpiece

Example 5 Cone Rotating smoothly, and not moved rattly
Shape until the peripheral cutting blade sank

Comparative | Pentagon Starting to move ratttly from the middle,
Example 3 and continued until the peripheral cutting

bilade sank

Comparative | Triangle Starting to move rattily from the middle,
Example 4 and continueduntil the peripheral cutting

biade sank

Comparative | Triangle Starting to move ratttly from the middle,

Example 5 and continued until the peripheral cutting
blade sank

[ 0070]

{ Table 5]

Drilling efficiency c¢f the cutting bplade and chips
after the peripheral cutting blade sank in the

workpiece

Example 5 Very light. Fine consecutive chips were emitted.

Comparative | Relatively light. Fine continuous chips were emitted.

Example 3

Comparative | Heavy. Intermittent chips were emitted for a while.

Example 4

Comparative | A littie heavy. Continuous chips were emitted, but

Example 5 they are not fine.
[ DCT71]

As seen clearly from Tables 4 and 5, since drilling resistance

cof the drills in the examples 1s smaller and they have less
fluctuation compared to the drills cof the comparative examples,
drilling can be easily conducted with a small force and fine

consecutive chips were emitted while drilling operation. Besides,
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Drilldescribedin Tokukaihei7-164228(Publication 1) Comparative Example 12 04.2 Drilldescribedin
Tokukai2000-271811(Publication 2) Comparative Example 13 05.2 Drilldescribedin
Tokukaihei7-40119(Publication 3) [0095] (3-1) The drill in the comparative example 11  Since the
drill of the comparative example 11 is below03.175mm including a curved line in thinning, it was
manufactured based on a 03.3mm of drill whose diameter is practically the closest to the diameter of

the drill belaw, 03L75mm,and compared with the Jestygsylis n e gxample & The.ather sz of the

drill in the comparative example 11 is shown below (see Publication 1). Chisel width: 0.15mm Tilt

angle of-CutSiHE - #6° A lehGth ' GFcifouts 8 1 21 nfim - RAKE 8RGIE 16710886 FB-2) THe dill in the
comparativesekampleyl2t cEhieldrilbiretheucomparditivé exanmple dR hasd«5115 of rakesrangle in

thinning. #t was manufactured based on:a D42mHR.of delt apd-camparedwith thedest resultsin the

examplg 2 The ofher sze gfte drln the comparative xaMple A2 p shon below (sge  Byblicaton

suitable for automatic machines that do not emit consecutive chips.
However, at the sites where a hand drill is used (for fitting of
a railreocad vehicle, etc.) or the sites where a manual drill press
is used, since operators may just remove chips, operatingefficiency
improves as the drilling efficiency improves even if consecutive
chips are emitted. In addition, chip clogging with a drill for deep
holes is removed because of the emission of the chips along a drill
groove.
[ 0072]
<Test 3: Comparison 2 with competitors' products, etc.>

Four kinds of drills (£6.5mm in diameter) shown in Table 6 were
prepared. The drill in the example 6 is a drill accerding to the
present invention (see Fig. 1), and the drills in the comparative
examples 6-8 have the configurations shown in Fig. 1é6(a) - (¢},
respectively. Besides, the reason that drill-diameter @ was set
as 6.5 mm 1s for making the peripheral cutting kblade to reach a
metal plate (3mm in thickness) which will be mentioned later before
the drill tip penetrates the metal plate.

[ 0073]
[ Table 6]
Product Name Configura
| tion
Example 6 Present Invention Fig. 1

Comparativ | Cobalt Masamune Drill manufactured by ! Fig. 16 (a)

e Example 6 | Ishihaghi Seiko Co., Ltd

Comparativ | General-purpose Drill manufactured by iFig. 16 (o)

e Example 7 | Mitsubishi Materials Kobe tools division

Comparativ | Drill in the comparative example 7 on which | Fig. 16 (b)
e Example B8 | thinning was performed by the applicant
[ 0074]

By using the drill press {(manufactured by Kitagawa Iron Works

Co., Ltd.) provided with the drills in the above-menticned example
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_ Chisel width: 0.19mm Rake angle: +5 [0097] (3-3) The drill in the comparative example 13 Since
the drill in the comparative example 13 has a feature that its thinning part (thinning cutting blade) is
longer than its cutting blade part (main cutting blade), it was manufactured based on a 05 . 2mm of drill
and compared with the test results in the example 10 where the shape of the thinning part in which the
length of the thinning part becomes longer offsets a cutting blade. The other size of the drill in the
comparati X le 13 | el ublication 3). isel width; Q. :0.86mm T2:
1.83mm% Ii%ll_alj%ﬂ% %%%tg%ﬁqu%g%aﬁ%% )?i 1% Fgé?(ea;%Ié%—%h%gsg]zgﬁﬂl:rg?%éeedr%fs in the
compardtife 8R4 pRRET R4 3T af R BEGHFRing P ERigs \Witth-was skt to the- BamiedRidfiT 48 that in
the drills.in theexamplés tbut gs: thel diflling efficiercyewas vepy Bad dchisehwidth thiat kvassset as 4 to
5% of djh diameters were manufastyred again. Consjderingthat the.drjlis-in the comparative;
examples 11-13 is for stainless steel wqrkpiece, time spent in drilling. one hole measured with the
order of th& diril prass EndMer e ha 'ﬁ%s% 8?8 fbre 2onsebiiive nolé Grifiihg is ot *
guaranteed. (Becauséof aligh possibiity that:the tuttingblade wilhraalein thesholedritlingrwith the
har;]d ﬁrwm@" %@m@ﬂﬁw geam@tﬂm@ﬂ@n@@a Qﬁa@a@ﬁﬁih@i!@iﬁéiﬁcﬁdgf WH'I t@%e@%@@emfg s dgﬁ'lllling hole
with the drill press. By using.the drills in the comparative examples 11-13, hole drilling tests
were co%qaﬁctgérdlv%%%zh gr]ﬂiagrésg%ssgclognsdu%feed in ﬁ‘é;%xﬁégnp gsbgﬁo?fime required for the hole
drilling W&$ measured, and chip shapes were observed. Results were shown in Table 15. [0100]
[Table 15} &sillCamparative Example 11 Comparative Example 12 Comparative Example 13 Hole
Drilling Time (Second) 5,4 42,3 96.3 Chip Shape

Example © Mincr abrasions were found after driliing 100 holes,
but the hole drilling was continued since the drilling
resistance was nearly unchanged from the beginning.
A small increase c¢f the abrasicns was found after
drilliing 200 holes, but the hole drillingwas continued
since no cracks were found and the drilling resistance
was unchanged. Since mincr cracks and progression of
abrasions were found after drilling 300 hcles, the hole
driiling was stopped even though it seemed that the

driiling can be still continued.

Comparative | The hole drilling was stopped when drilling 100 holes
Example © since cracks were found in the periphery and thinning
of the drill's edge part and the drilling resistance
increased after drilling 98 holes.

Comparative | The hole drilling was stopped since cracks and large
Example 7 abrasion were found in the periphery and thinning of

the drili's edge part after drilling 24 holes.

Comparative | The hole drilling was stopped since cracks and large

Example § abrasion were found in the periphery and thinning of

the drill's edge part after drilling 30 holes.

[ 007¢8]

As seen clearly from Tagble 7, The drills in the examples has
the durability that far exceeds that ¢f the drills in the comparative
examples against SUS304 which is a material more difficult to cut
than a 55 material.

[ 0GT77]
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Powdery shape+ threadyshape generatedin penetratinga through hole Powderyshape + curlyshape
generated in the middle of drilling hole Powderyshape + curlyshape generatedin penetratinga through
hole [0101]  After the hole drilling tests were conducted with the above-mentioned drill press, by
using the same drills in the above-mentioned examples 8-10, hole drilling tests were conducted with
the pneumatic drill (hand drill) as conducted in the examples 8-10, time required for the hole drilling

was measiied, Andchip shapes et abeged S%U'&.s  AeAeMLIaRg A8, [0102] [Table 16]
1123 Average Comparative Example 11 Time (second . )
Three kinds of drills (@8.2mm ln diameter) shown in Table 8

were prepared. The drill in the example 7 is a drill according to
the present invention (see Fig. 8}. The drill in the comparative
example 9 is a drill that was described in Tokugan 2010-203777 (the
prior applicaticon by the applicant), and the drill in the
comparative example 10 is a drill that was described in said patent
document Z. Besides, there is almost no difference in performance
between qualities of the materials. In the drill in the example
6, a tilt angle between the whetstone for performing thinning and
a drill axis was set as 27.5° (20-35° of mean value), and thinning
of the drill was performed along the tangent line of the whetstone
(thinning angle (see Fig. 4) 6= 0°).

[ 0078]
[ Table 8]
Chisel Width Helix Quality of Material
Angle

Example 7 0.5mm 30° SKH5S
Comparative | 0.38mm 32° SKH56
Example ©
Comparative | 0.3mm 32° Powder High - Speed
Example 10 Steel
[ 0079]

By drilling heles in the workpiece (exchange panel,

high-tensile steel plate of the Dailhatsu Move car) with the
above-mentioned three kinds of drills, the drilling efficiency and
durability of the drills were checked. The hole drilling was
performed to the same extent of the depth in all examples in Table
8 without drilling a through hole so as to avoid breakage. First,
by drilling one hole at a time using the above-mentioned three kinds
of drills, the drilling efficiency of the drills was checked.
Results are shown in Table &.

[ 0080]
[ Table 9]

Drilling efficiency
Example 7 Cut very well.
Comparative | Cut very well.
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46.1 45.5 44.87 Chip Shape Powdery shape Comparative Example 12 Time (second) 32.3 34.4 35.9
34.2 Chip Shape Powdery shape-PA Little Curly shape generated in penetrating a through hole
Comparative Example 13 Time (second) 53.1 56.3 68.2 59.2 Chip Shape Powdery shape

Example 9

Comparative Cut well, requiring the most power among the three
Example 10 kinds of drills.
[ 0081]

The hole drilling was performed using the drills in the

above-mentioned example 7 and the comparative examples 9-10. The
operation was conducted continuously and stopped when the operator
judged that the drill was unusable (impossible to drill a hole),
and then the operator evaluated the durability of the drill
depending on the number of the drilled holes. Results are shown
in Table 10.

[ 0082]

[ Table 10]

Durability

Example 7 Still possible to drill holes without requiring big

power even after drilling 50 holes.

Comparative | Stopped the operation since it seems to require big
Example 9 power after drilling 15 holes.

Comparative | Cut well until 3 holes were made, but the drilling
Example 10 |efficiency gradually deteriorated and it became very
hard to cut after drilling 6 holes, and then stopped

the operation since it seemed to reguire big power

after drilling 9 holes.

[ 0083]

As seen clearly from Table 10, it turned out that the drill
in the example 7 has both drilling efficiency and durability unlike
the drills in the comparative examples 9 and 10, Moreover, Close-up
observation of the tip of each drill showed that in the drills in
the comparative examples 9 and 10 the chisel edges abraded largely,
but on the other hand, in the drill in the example 6 the abrasion
of the chisel edge was small and the whole blade edge abraded equally
despite a number of holes in the drill in the example 6. Since the
drill in the example 7 has the widest chisel width, it can be assumed
that the power to push a operator's drill was distributed and the
chisel edge was less subject to the abrasion compared to the drills
in the comparative examples 9 and 10, allowing a large number of

hecle drilling. In addition, it is contemplated that the reason the
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[ 0103] (4) Comparisons The test results in the examples and comparative examples (time required
for the hole drilling (second)) were compared for the drills of the same diameters. Results are shown in
Table 17. [0104] [Table 17] Drill Diameter 03.3mm 1 Example 8 Comparative 11 Example Drill Press
,14.6 45.4 Pneumatic (average) Drill

drilling force equivalent to the one obtained from a narrcew chisel
width was acguired even if the chisel width was enlarged is that
the drill had a rake angle suitable for drilling.
[ 0084]
2. Test based on the shape of thinning

In the above-mentioned Test 1-4, it was confirmed that the drill
which satisfies 0<AS3B is excellent indrilling efficiency compared
with the drilill which does not satisfy the same (A>B). However, as
a result of further additional tests, the inventors have discovered
that a drill which has a thinning surface ¢of the specific shape
(specified in Claim 1) may obtain excellent drilling efficiency
even if the drill does not satisfy O0<A=B. The results of the
additional tests are shown below.
[ 0085}

Additionally, all of the drills in the above-mentioconed examples
1-7 have a thinning surface in a specific shape (specified in Claim
1), and &ll of the drills in the comparative examples 1-10 do not
have thinning surface 1in the specific shape. Supplemental
explanations on the drill used in the above-mentioned Test 1 (the
examples 1-4 and comparative examples 1 and 2) are given with regard
to this point, In the Test 1, five kinds of sizes of thinning were
performed for one kind of drill meinly for the purpose of setting
the proportion of A:B. Thinnihg was performed by czeating the
whetstone mainly used for allowing for 4.5mm thinning on the drill,
especlally the whetstone shown in Fig. 13 (2). Since all of the
chisel widths were set asg (0.5mm, the length of the thinning cutting
bladeﬁfB) was adjusted by changing 9 described in Fig. 4 {a) and
(b}. As a result, in the examples 1-4 thinning was shaped in a state
as shown in Fig. 4 (b) in which the whetstone made a deep contact
with the groove of the drill (8< 20°), although in the comparative
examples 1 and Z thinning had tco be shaped in a state nearly as
shown in Fig. 4 (a) in which the whetstone made a relatively shallow
contact with the groove of the drill. (Thus, the result was 8> 20°.)
Therefore, thedrills in the examples 1-4 have the thinning surfaces
of the above-mentioned specific shapes {(specified in Claim 1). But
cn the other hand, in the comparative examples 1 and 2 the shapes

when seeing from the sides of the drill tips became as arc shapes
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8.87 44.87 Drill Diameter 04.2mm  Example 9 Comparative 12 Example Drill Press 16.7 42.3
Pneumatic (average) Drill 10.63 ’

nearly as shown in Fig. 16 (b}, and the thinning surfaces shaped
py the thinning cutting blades did not become substantially
parabolic shapes, inclining toward the drill axis directions when
seeing from the front side of the drills, but became shapes as nearly
maere circles. Besides, it did not appear inclined toward the drill
axis directions.
[ 0086]
<Test 5: additional test 1>
{l) Setting of a drill diameter

Based on the actual situation of work sites, the drill diameter
was set as followings three types which are base hole diameters
of the screws.
1. M4: 23.3mm
2. M5: @4.2mm
3. Mé: @5.2mm
[ 0087]
{Z) Manufacture and test of the drills in the examples

For the above-mentioconed three kinds of diameters, the drills
in the examples 8-10 were manufactured on three conditions shown
in Table 11.

[ 008g]
[ Table 11]
Drill Diameter | Drill Shape Chisel Width
(rnm) {W)
Example & 3.3 Fig. 9, Fig. 12 |0.23mm
(a)
Example 9 |@4.2 Fig. 11, Fig. 12 10,32mm
(c)
Example 10 | @5.2 Fig. 10, Fig. 12 |0.34mm
(o)
[ 0089]

By using the drills in the above-mentioned examples 8-10, hole
drilling tests were conducted to drill one hole in the workpieces
(SUS304 steel plates: 3mm in thickness x 100mm x 500mm) with the
drill press {manufactured by Kitagawa Industries Co., Ltd., Modsl
Number KFS-410 {used at 320rpm/60Hz)), time required for one hole

drilling was measured, and chip shapes were observed. Results are
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34.2 Dirill Diameter 05.2mm

Example 10 Comparative 13 Example Drill Press 21.4 56.3
Pneumatic (average) Drill 14.93 59.2 T

shown in Table 12.

[ 0090]

[ Table 12]

Drill Example 8 Exanple 9 Example 10

Hole Drilling | 14.6 16.7 21.4

Time (second)

Chip Shape Long Curly | Long Curly | Long Curly
Shape Shape Shape

[ 0091]

Following the hole drilling tests with the drill press, by using
the same drills in the above-mentioned examples 8~10, hole drilling
tests were conducted to drill heles in the same workpieces with
the pneumatic drill (hand drill) (manufactured by KTS. Co., Ltd.,
MODEL AT12M, 1200rpm) .

vertically using the vise, and the hole drilling was conducted to

idling speed: The workpleces were fixed
rectangular directions in the workpisces with the drills in the
examples 8-10 in a horizontal state. (Since the horizontal hole
drilling depends largely on the arm strength of the cperators as
they can not place their body weights on the drill compared to the
hole drilling to the perpendicular directions, the drilling force
(drilling efficiency) is likely to be reflected in numerical

values.) Air pressure that drives a pneumatic drill was set as
6~8kg/mm’. In addition, since drilling time changes depending on
the arm strength of the operators, the hole drilling was conducted
3 times for each drill respectively to calculate average values,
Chip shapes were also observed. Results are shown in Table 13.

[ 0052]

[ Table 13]
1 2 3 Average

Example Time 10.9 8.1 7.6 8.87
8 {second)

Chip Shape Curly Shape
Example Time 9.6 12.2 10.1 10.63
9 (second)

Chip Shape Curly Shape
Example Time 16.5 12.9 15.4 - 14.93
10 {second)
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[0105] As shown in Table 17, it was confirmed that the drills in the examples can drill holes at the
speed of 2 to 3 times or more compared with the drills in the comparative examples. It is considered
that there is little difference in the hole drilling time depending on the thinning position of the drills in
the examples (difference in the examples 8-10) since the hole drilling time slightly increased with the
increase in the drill diameter. It is considered that the reason the hole drilling time with the pneumatic

drill (hand dritt)yisst Qrier com ared i&h [rh_Le dré'ibi%regs isthat thedrilt-press-wag settotheminimum
rotatio 1274 g(;lfenr% 3 d7ifl Qiameter 03.3:5 2mm, it seemed. that the rotational

rate twite’8Pflore as much as the minimum rotational rate should be suitable, but the test was carried
out with the ménimesm: totationak raterto-aveid breakage okthe drillbitseltguring ithe tessrAlthgugh in
the drils In the sorpRralive exampies ime Jednired 1o gje drbing tepds o Jhoreageith te
increasing number of hole drilling and the drilling efficiency seemed o gradruaﬂy ecrease, except for
some restltd {tfe §6CGRINGRe Ehd %W&Fﬁmgﬂﬁhé cBRpardiive ekamiple ¢¢ afdrevérsed), there
was no simaitar ttendsarchthe-driling effickenicy was not found to decrease in the drills in the examples.
The fact thag the curly chips were emitted with reference to the drills in the examples and on the other
hand the powdery chips were emitted with reference to the drills in the comparative examples also
shows thAPfAESrilSin the examples are superior in. drilling efficiency than the drills in the comparative
examples. [0106] <Test &radditional fest2et e rAffar comphétingrethe above-mentioned additional test
1, the drills in the examplgg8-10 and the drills inthe comparative examples 11-13 were still used, and
these drilts-were-attached 1o g'lc above=mentioned-drill-press-to-consecutively-drittmultipte-thraugh
holes inétﬁ@%%ﬁ?et\%%?k )%%é as shown in the abc \%“?r]rl%e}%tioned additionartest . The cutting™blades of
the dri|l$were Ehedked [at any time with careful ajténfiorktola abdiseldutigfdrillifgior acetidmge in
resistance. When damages enough to create cutting problems (cracks, abrasions, etc.) occurred in the
cutting tifades; the-hote driffing was stopped; and the number of the through-hotes-dritted-by then was
counted?.f %stoa;rs%%pgg o‘ﬁt%é%hips were observed.bﬁééji es, in the dérfﬁgci:r%~J %hbeegxamples 8-10, before
damagdsi@hiehds éAough to create drilling problemg’secar 40é hok’diiing was stbppad dee to the
size of{the workpiece used (all the space for hole drilling was used). The test results in the dril|s in the

exampl are shown N Table I8 and the test respits in the drifisin comparative; examples-areishown
in Tab E%Q.p[gf %f 'Faa@gl' 1 Example 8 Examp‘?géqg(ample 10 eesﬁﬁﬁi)%cri of throughlh%les 366
or moref288T6r Mote’ 264 or more  Test status WhepahéRe sebmetitd Shghtlygetohderafer

drilling290 3)
[ 00985:

(3-1) The drill in the comparative example 11

Since the drill of the comparative example 11 is below @3.175mm
ircluding a curved line in thinning, it was manufactured based on
a @3.3mm of drill whose diameter is practically the closest to the
diameter of the drill below @3.175mm and compared with the test
results in the example B. The other size of the drill in the
comparative example 11 is shown below (see Publication 1}.

* Chisel width: C¢.15mm

*+Tilt angle of cutouts a: 60°

* Axial length of cutouts d: 1.21mm

* Rake angle: -10°

i 0096]

(3-2)y The drill in the comparative example 17

The drill in the comparative example 12 has a +5~15° of rake
angle in thinning. It was manufactured based on a @4.2mm of drill
and compared with the test results in the example 9. The other size

of the drill in the comparative example 12 is shown below (see
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holes,asmall crackwasfound inonesideof thinningparts, but the test was continuedsince therewasno
problem occurred indrilling. Afterdrilling 366holes,the crack in the same spotwasfound bigger,butthe
drill was able to drillathrough holein22.7 seconds after it was equipped with thepneumatic _ drill,
Whenanoise seemed to slightly getlouderafter drilling250

Publication 2).

* Chisel width: 0.1%mm

* Rake angle: +5°

[ 0087]

{3-3) The drill in the comparative example 13

Since the drill in the comparative example 13 has a feature
that its thinning part (thinning cutting blade) is longer than its
cutting blade part {main cutting blade), it was manufactured based
ona@s.2mmof drill and compared with the test results in the example
10 where the shape of the thinning part in which the length of the
thinning part becomes longer offsets a cutting blade. The other
size of the drill in the comparative example 13 is shown below (see
Publication 3).

*Chisel width: 0.22mm

*L1l: 0.86mm

*L2: 1.83mm

*L2/L1=2.13 {satisfying L2=1.3 x L1 ~ 3.0 x L1)
* Rake angle: -5° '

[ 0098]

For the drills in the comparative examples 11-13, at the
beginning ,the chisel width was set to the same width as that in
the drills in the examples,; but as the drilling efficiency was very
bad, chisel widih that was set as 4 to 5% of drill diameters were
manufactured again. Considering that the drills in the comparative
examples 11-13 is for stainless steel workpiece, time spent'in
drilling one hole measured with the order of the drill press and
then the hand drill as two or more consecutive hole drilling is
not guaranteed. (Because of a high possibility that the cutting
blade will break in the hole drilling with the hand drill, we
contemplated that in advance, damage of the blade edge will be
reduced by drilling hole with the drill press.)

[ 0099

By using the drills in the comparative examples 11-13, hole
drilling tests were conducted with the drill press as conducted
in the examples 8-10, time required for the hole drilling was
measured, and chip shapes were cbhserved. Results were shown in Table
15.
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holes,asmall crack was found in onesideof thinningparts, butthetestwas continuedsince therewasno
problemoccurred in drilling. After drilling288 holes,thecrack inthesamespot was found bigger and
cracks in both peripheral cuttingblades were also found, but the drill was able to drill a through hole in
31.8 seconds after it was equipped with the pneumatic drill. Afterdrilling 264 holes, no crack was found
in whole except for an abrasion of a chisel and the drill was stillusable. The drill was able to drill a
throughmpﬁiﬂ 21.3 seconds afteritwas equippedwith thepneumatic drill. Cutting noise Almost nothing

[ Table 15]

Driil Comparative Comparative Comparative
Example 11 Exanple 12 Example 13

Hole 45.4 42.3 56.3

Drilling

Time

(second)

Chip Shape | Powdery shape -+ | Powdery shape + | Powdery shape -+

thready shape | curly shape | curly shape
generated in | generated in the | generated in
penetrating a imiddle of | penetrating a
through hole drilling hole through hole

[ C101]

After the hole drilling tests were conducted with the
above-mentioned drill press, by using the same drills in the
above-mentioned examples 8-10, holedrilling tests were conducted
with the pneumatic drill (hand drill) as conducted in the examples
8-16, time required for the hole drilling was measured, and chip

shapes were observed. Results are shown in Table 16.

[ 0102]
{ Table 16]
1 2 3 Average
Comparative | Time 43.0 46.1 45.5 44,87
Example 11 {second)
Chip Shape Powdery shape
Comparative  Time 32.3 34.4 35.9 34.2
Example 12 {second)
Chip Shape |Powdery shape-+A Little Curly
shape generated 1n penetrating
a Tthrough hole
Comparative | Time 53.1 56.3 68.2 58.2
Example 13 {(second)
Chip Shape Powdery shape
[ 0103]

{4) Comparisons

The test results in the examples and comparative examples (ftime
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Almost nothing Withthe abrasion of the chisel,a rustlingnoise cameouta littlewhena tip of the drill
contactedwith theworkpiece  afterdrilling 220holes,but there were almost no other noises. Chip
shape Long curly shape Longcurlyshape Longourlyshape asobtainedby asobtainedby similartoa

required for the hole drilling (second)) were compared for the

drills of the same diameters. Results are shown in Table 17.

[ C104]
[ Table 17]
Drill Diameter @3.3mm
Exampie 8 Comparative Example
11
Drill Press 14.6 45.4
Pneumatic Drill | 8.87 44 .87
(average) '
Drill Diameter @4.Zmm
Example 9 Comparative Example
12
Drill Press 16.7 42.3
Pneumatic Drill 1 10.63 34.2
(average)
Drill Diameter @5.Z2mm
Example 10 Comparative Example
13
Drill Press 21.4 56.3
Pneumatic Drill  14.93 59.2
(average)
[ 0105)

As shown in Table 17, it was confirmed that the drills in the
examples candrill holes at the speed 0f 2 to 3 times or more compared
with the drills in the comparative examples. It is censidered that
there is little difference in the hole drilling time depending on
the thinning position of the drills in the examples (difference
in the examples 8-10) since the hole drilling time slightly
increased with the increase in the drill diameter. It is considered
that the reason the hole drilling time with the pneumatic drill
(hand drill) is shorter compared with the drill press is that the
drill press was set to the minimum rotational rate (320rpm/60HZ) .
(Considering a drill diameter @3.3-5.2mm, it seemed that the
rotational rate twice or more as much as the minimum rotational
rate should be suitable, but the test was carried out with the

minimum rotaticnal rate to aveid breakage of the drill itself during
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extending transverselya sine curve along a groove shape of the drill extending transverselya sine
curve along a grooveshapeof the drill sine curve [ 01081 [ Table 19] Comparative Example 11
Comparative Example 12 Comparative Example 13 The number of through holes 21 66 67 Test
Whenthedrill Thedrilling When the drilling status became difficult

the test.} Although in the drills in the comparative examples time
required for heole drilling tends to increase with the increasing
number of hole drilling and the drilling efficiency seemed to
gradually decrease, except for scme results (the second time and
the third time in the compérativ@ example 11 are reversed), there
was no simlilar trend and the drilling efficiency was not found to
decrease in the drills in the examples. The fact that the curly
chips were emitted with reference to the drills in the examples
and on the other hand the powdery chips were emitted with reference
to the drills in the comparative examples also shows that the drills
in the examples are superior indrilling effidiency‘than.the drills
in the comparative examples.
[ 0106}
<Test 6: additional test 2>

After completing the above-menitioned additional test 1, the
drills in the examples §-10 and the drills in the comparative
examples 11-13 were still used, and these drills were attachesd to
the above-mentioned drill press to consecutively drill multiple
through holes in the same workpiece as shown in the above-mentioned
additional test 1. The cutting blades of the drills were checked
at any time with careful attention to a noise during drilling or
a change in resistance. When damages enough tTo c¢reate cutting
problems {cracks, abrasions, etc.) occurred in the cutting blades,
the hole drilling was stopped, and the number of the through holes
drilled by then was counted. Also, shapes of the chips were observed.
Besides, in the drills in the examples 8-10, before damages which
is enough to create drilling problems occur, the hole drilling was
stopped due to the size of tThe workpiece used {(all the space for
hole drilling was used). The test results in the drills in the
examples are shown in Table 18 and the test results in the drills

in comparative examples are shown in Table 19.

[ 0107]
[ Table 18]

Example 8 Example 9 Example 10
The number | 366 or more 288 or more 264 or more
of through
holes
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efficiency of the efficiency of the tocutafter drill drill drilling21 significantly significantly holes, we
checked deteriorated deteriorated and found that a afterdrilling suddenlyafter chiselpartwas missing.

Thus the about50holes, but the test was drilling about 60 holes, we checked

Test When a noise | When a noisge | After drilling
status seemead te | seemed to slightly | 264 holes, no
slightly get | get louder after | crack was found
louder after |drilling 250 1 in whole except
drilling 290 | holes, a smalll for an abrasion
holes, a small|crack was found in{of a chisel and
crack was found ! one side of | the drill was
in one side of|thinning parts, | still usable.
thinning parts, |but the test was|The drill was
but the test was | continued since | able to drill a
continued since | there Was no | through hele in
there was no | problem cccurred | 21.3 seconds
problem cccurred | in drilling. After | after 1t was
in drilling. |drilling 288 | equipped with
After drilling | holes, the crack/| the pneunatic
366 holes, the!in the same spot |drill.
crack in the same | was found bigger
spott  was found i and cracks in both
bigger, but the |peripheral
drill was akble To | cutting blades
drill a through |were alsco found,
hele in 22.7 {but the drill was
seconds after it | able to drill a
was equipped with | through hcle in
the pneumatic | 31 .8 seconds after
drill. it was equipped
with the pneumatic
drill.
Cutting Almost nothing Almost nothing With the
noise abrasion of the
chigel, a
rustling noise
came out a
little when a
tip of the drill
contacted with
the workplece
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test was stopped. forcibly continued.When the drill became difficult to cut after drilling 66 holes, we
checked andfoundan abrasionin thinning part and andfoundan abrasioninthe chiselpart.The test was
stopped when a noise got considerably louderafter drilling67 holes. acrackinthe peripheral
cuttingblade. Thus the test was stopped. Cutting Therewasa Acrunchynoise Therewasa noise

after drilling
220 holes, but
there were

almost no other

noises.

Chip shape | Long curly shape | Long curly shape | Longcurly shape
as obtained by|as obtained by |similar to a
extending extending sine curve
transversely ajtransversely a
sine curve alcng | sine curve along a
a groove shape of | groove shape of
the drill the drill

[ 0108]

[ Table 19]

Comparative Comparative Comparative
Example 11 Example 12 Example 13

The 21 66 67

number of

through

holes

Test When the drill| The drilling | When the drilling

status became difficult jefficiency of the efficiency of the

to after
21

holes, we checked

cut

drilling

and found that a
chisel part was
missing. Thus the

test was stopped.

drill
significantly
detericrated
after drilling
about 50 holes,
but the test was
forcibly
continued. When
the drill
difficult fto cut
after drilling 66

became

holes, we checked

and found an

abrasion in

thinning part and

drill
significantly
deteriorated
suddenly after

drilling about €0

holes, we checked
and found an
abrasion in the
chisel part. The

test was stcpped

whan a noise got

considerably
louder after
drilling 67
holes.
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crunchy noise all startedtocome crunchynoise the time which is outafter fromthe peculiartoa drilling

“about 30 beginning, and it stainless steel, holes;andit became considerably louderafter drilling66
holes. became considerably louderafter drilling67 holes. Chip shape Powdery shape Powdery shape
Powdery shape

a c¢rack in the
peripheral
cutting blade. |

Thus the test was

stopped.
Cutting There was ai A crunchy nolse | There was a
noilse crunchy noise all | started to come | crunchy noise
the time which is | out after | from the

peculiar to a|drilling about 30 | beginning, and it

stainless steel. | holes, and it | became

became considerably
considerably | louder after
louderxr after | drilling 67
drilling 66 | holes.
holes.

Chip Powdery shape Powdery shape Powdery shape

shape

[ 010¢]

As shown in Table 18 and 19, it was confirmed that the drills
in the examples are able to drill at least about 4 times (comparison
with the example 10 and the comparative example 13) to about 17
times (comparison with the example 8 and the comparative example
11) of holes compared with the drills in the comparative examples.
It is considered that there is little difference {in the examples
8-10) depending on the thinning position between the drills in the
examples. Fine curly chips similar to a sine curve were emitted
from the drills in the examples. Chips in such shapes can often
be seen for an aluminum as the workpiece, but hardly be seen for
a stainless steel, which reveal that the drills are very excellent
indrillingefficiency. On the other hand, powdery chips are emitted
from the drills in the comparative examples. Therefore, the drills
in the examples are found to be significantly superiocr in drilling
efficiency to the drills in the comparative examples.

[ Industrial applicability]
10113
The present invention is suitably used for the drill employed

in a manual hole drilling operation using a hand drill, a drill
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[0109] _ As shown in Table 18 and 19, it was confirmed that the drills in the examples are able to drill
at least about 4 times (comparison with the example 10 and the comparative example 13) to about 17
times (comparison with the example 8 and the comparative example 11) of holes compared with the
drills in the comparative examples. It is considered that there is little difference (in the examples 8-10)
depending on the thinning position between the drills in the examples. Fine curly chips similar to a sine
curve wggeeg@’itt%drfrg%thgiqgglsig the. examples. Chips in such shapes can often be seen for an
aluminum as the workpiece, but hardly be seen for a stainless steel, which reveal that the drills are
very exceitentin drilling efficiency. On the other hand, powdery chips are emitted from the drills in the
comparative exarnpless Thérefores the.drills in the examples are found to be significantly superior in

drilling efficiency19.the drlls inthecomparative examples. [Industrial applicability] [0110] ~ The

present%nv tion Is Scuétfb%/h;é ed for the drill employed in a manual hole drilling operation using a

hand drill, a drii’ prélss, of i e-dies used. [0111] Explanations of Numerals 1 Thinning cutting blade 2

Main cutting bfstie23 Cledrafi€e face 4 Chisel 5 Rake face shaped by main cutting blade 6 Rake face
shaped by ttininiag 7 Central part of drill tip 8 Thinning surface shaped by thinning cutting blade 9

Portion g\/h%aek\gid%gg%dig%gggdo% II%IC?tg r?hqiﬁ?é {sir% rr%\ygrdtgan chisel width 10 Rake face forming

rake angle A Length of main cuttln%Y lade Length of thinning cutting blade C Drill axis direction
ExtensiGn Iindkktefidifig H anf tip reEﬁéﬁlﬂﬁé%_long the deepest portion of thinning surface Length
of offset’/R Dalttadilspart of drill tip

8 Thinning surface shaped by thinning cutting blade
9 Portion whose width in direction parallel to chisel is narrower
than chisel width
10 Rake face forming rake angle
A Length of main cutting blade
B Length of thinning cutting blade
C Drill axis direction
D Extension line extending in drill tip direction line along the
deepest portion of thinning surface
d Length of cffset
R Drill radius
81 Rake angle formed by main cutting blade
62 Rake angle formed by thinning cutting blade
ol Included angle formed by main cutting blade
«z Included angle formed by thinning cutting blade
3 Clearance angle
v Tilt angle of thinning surface
R1 Radius shaping rake face by main cutting blade
RZ Radius shaping rake face by thinning
- W Chisel width
8 Angle of contacting drill with whetstone at the time of thinning

formation
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91 Rake angle formed by main cutting blade 92 Rake angle formed by thinning cutting blade al
Included angle formed by main cutting blade a2 Included angle formed by thinning cutting blade [3
Clearance angle y Tilt angle of thinning surface R1 Radius shaping rake face by main cutting blade R2
Radius shaping rake face by thinning Chisel width  Angle of contacting drill with whetstone at the
time of thinning formation [ CLAIMS] 1. A drill with a tip part on which thinning is performed,
compris[i%%gﬁjtting blades which are formed symmetrical about an axis of rotation, . said cutting
blades consisting of a thinning cutting blade extending from a chisel edge toward a peripheral side of
the drill to become a shape including curves, and a main cutting blade extending from an end part of
said thinning cutting blade o the peripherabend obthewdtilcwhem seen fromitip side of the=drjll,
wherein . thinning syrface shaped,by said sipning; eutting blade.is substantially parabalic, inclining
toward the drill axis direction when seen from front side of the drill. 2. The drill according to claim 1,
wherein“dh &%tefision Iire"éxténding in a drill tip direction a line along the deepest portion of said
thinning surface isi offsetttoriepetdideas cattingliblade sidefof4he drilhwiithput grossing thescantral part

of the ddlktip.wher seen-fram-froniside gf the diill - 3.2The diill gecqrding to.claim R whetein width of
said offset i %%;Jal to or smaller than 10% of a drill diameter. 4. The drill accordlnghto %Ialm 20r3,
ex t

wherein Said’&xt8nSion line i Strsef fo the Hedl Sidé o te Gl 5> THE &Il S8Cording to ok 2 or 3,
whereinssaid eRIENSIOT e i offsed 16 e cattingblddé sidendithie @il £ 6) T Heldrlkbadcordirg to claim

1, whergin anpexiensionline extendiag in a drilktimdireetion adine-alpngthe deepest portion pf said
thinning surfage crosses the.central nart.of the drill fp. when seen from,front side of the drill 7. The
drill according to any of claims 2t0 4, w erein a .réalpe angle is formied in a p%\ﬁ méﬁg&iﬁg a part just
below the’chiseb & 8&itl thinhihg RatiRlg blade. tnclining toward the drill axis

direction when seen from front side of the drill.

2. The drill according to claim 1, wherein an extension line
extending in a drill tip direction a line along the deepest portion
of said thinning surface is offset to heel side or cutting blade
side of the drill, without crossing the central part of the drill

tip, when seen from front side of the drill.

3. The drill according to claim 2, wherein width of said cffset

is equal to or smaller than 10% of a drill diameter.

4, The drill according to claim 2 or 3, wherein sald extension
line is offset to the heel sgide of the drill.

5. The drill according to claim 2 or 3, wherein said extension

line is offset to the cutting blade side of the drill.

6. The drill according to claim 1, wherein an extension line
extending in a drill tip direction a line along the deepest portion
of said thinning surface crosses the central part of the drill tip,

when seen from front side of the drill.

7. The driil according to any of claims 2 to 4, wherein a rake
angle is formed in a part including a part just below the chisel

of saild thinning cutting blade.
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8. The drill according to any of claims 2, 3, 5, and 6, wherein a rake angle is formed in a part which is
adjacent to but does not include a part just below the chisel of said thinning cutting blade. 9. The drill
according to any of claims 1 to 8, wherein a rake angle 91 formed by said main cutting blade and a
rake angle 92 formed by said thinning cutting blade satisfy e1>92>00, except for a part just below the
chisel.

8. The drill according to any of claims 2, 3, 5, and 6, wherein
a rake angle is formed in a part which is adiacent to but does not

include a part just below the chisel of said thinning cutting blade.

9. The drill according to any of claims 1 to 8, wherein a rake
angle €1 formed by saidmain cuttingblade and a rake angle 82 formed
by said thinning cutting blade satisfy 81>82>0°, except for a part
just below the chisel.
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