DESCRIPTION SMALL-DIAMETER DEEP HOLE DRILL AND A MICRO
DEEP HOLE DRILLING METHOD [Technical Field] [0001] The present
invention relates to a new shape small-diameter deep hole drill having a drill
diameter of 1. mm or less, which is for use in processing a die or parts and
the like. The invention also relates to a micro deep hole drilling method
which uses the small-diameter drill for drilling deep holes with an acceptable
precision, especially when a driledChékeldidfneter (hereafter referred to as
"D")is 1 mm or less and a ratio of the drilled hole diameter to a drilled hole
depth (hereafter referred to as "L") reEresented by L/D is 15 or more, or
when formifig & d&&p throtigh=Role Ravifg dn L/D ¥a¥io B H6CEP more, 1OME
particularly when forming an &réméeRcdEggiele having an L/D ratio of 50
or more. Therefore, the present invention relates to a small-diameter drill for
deep hole drilling and _a micro deep hole drilling method, suitable for forming
bbliv L6 Hedp Hiirtd holes and through-holes. [Background Art] [0002]
Wier an overthangdergtnfor a tocdto stick autlist kong with respest tosa dsidl
digmeter,the.dgidity,atthe t9al will decrease, Therefore, astapl deflegtion .,
occurs during a dnl!mgtprocess, resulting in a"deterioration of the
sttaigiithéss'or & arilléddle’Gira breaikagesorthe ariff vienPasing &efilFor

deepdoletdidlingy eisuaby theflute-lengils obtherdrill s mragershioster-than the
depih, ofthe ch'ﬂe%sh&éetﬁ%e_g%bég%ﬂ@ngaefeglﬁ Ry Means of jstep feed”,

Here, so-called "step feed" in a drilling process is a method of drilling’a ol&
bYytepeatedy movig B afill fTorvard: anabaGdRaeiwith Yespeeta 0é thed

haleiin a siep-byrstepemnoyemant [3003]da patent dosument I (dapanese ss
Une %mr'ia‘%‘%'tf %‘f?‘ﬂé@g'ﬁafg’é‘ f#%‘.%f"fé’rﬁe’é‘é’ia 25%02'599‘%%%% Bofc deptn
small-diameter drill for deep hole drilling suitable for use in Step feed, re
(hereafter referred to as “L”) represented by L./D is 15 or more,
or when forming a deep through-hole having an L/D ratio of 10
or more, particularly when forming an extremely deep hole having
an L/D ratio of 50 or more. Therefore, the present invention
relates to a small-diameter drill for deep hole drilling and

a micro deep hole drilling method, suitable for forming both

micro deep blind holes and through-holes.

[Background Art]

[0002] When an over-hang length for a tool to stick out is
long with respect to a drill diameter, the rigidity of the tool
will decrease. Therefore, a tool deflection occurs during a
drilling process, resulting 1in a deterioration of the
straightness of adrilled hole or a breakage of thedrill. When
using a drill for deep hole drilling, usually the flute length
of the drill is made shorter than the depth of the drilled hole,
therebydrillingahole bymeans of “step feed”. Here, so-called
“step feed” in adrilling process is a method of drilling a hole

by repeatedly moving the drill forward and backward with respect



has been disclosed a drill in which the flute is shortened to increase
mechanical strength, so that it can be used for drilling deep holes having a
depth of 10 or more times the drill diameter in an extremely hard material
having a hardness of HRC 45 or more. [0004] In patent document 2
(Japanese Unexamined Patent Application Publication No.H8-71824), a drill
is disclosed which comprises: a back tapered portion with its diameter
rédudihg frodrethienfrontspeint lof tise erillma seralhtiameter portion having a

diegpeter smallerthan the giill diameter, angh g constant diameter QOO nt

having the same diameter as the drill diameter. %0005] In patent document 3

(JApanestUnxammnea P atent Appiication Pablicatici No FR-348863); &=~
hole: diilling mettiodlo isedistlosed inswhichiaftef arguideiote hasbedn formed
andswhen,awyarking dyll.gefs;into confact withthedemporacy hole.r 8 +o

in-plane component force acting on the drill is detected, and the position of

tHe' ip Gt IR Gl 7 ricved i Fdiréetioh SAvhichthie Rompondnttorce 1179
deergasdes.d00061inpatertdbcument d(dapanesedinekaminetlPatente ter

Application.Fublicaion Ng. F6:134648), a.¢utting and grilling spefhod iss .
disclosed which uses a ball end mill to drill a hole by providing a depth of cut
ald"& relative feeding movement in the X-axis and Y-axis directions to the

ball @nd)mill and wetk pieck sathat cuttingds pertasmeditea spiradantatent

downyeutmanner,, [0007] In patenyt docyment 5. (Japanese. Ynexamined,; .1,
Patent Application Publication No. 2003-6 611), a boring met od for
b6fifig @ fitlinedicle ihaPprRe materitis disclodéd, it WHick Whiefafing
inclised holerisiio beidrilled im aplateimateriah 1 ademispberical ol isati firgt
drilled for positioning.the hole, then a drilling jig for hole drilling is

DI e Bl T BARE reAiarar 20 e R ble S 3SR
irfthenplate marcrialn Pateht dotunsenteld Japaneset iidxaiinéd Pasastter -

Application Pyml(%?él@éh%o%@@ﬁgg% 3 (Japanese Unexamined Patent
Application Publication No. H4-348803), a hole drilling method
is disclosed in which after a guide hole has been formed and
when a working drill gets into contact with the temporary hole,
an in-plane component force acting on the drill is detected,
and the position of the tip of the drill is moved in a direction
in which the component force decreases.

[0006] In patent document 4 (Japanese Unexamined Patent
Application Publication No. H6-134648), a cutting and drilling
method is disclosed which uses a ball end mill to drill a hole
by providing a depth of cut and a relative feeding movement in
the X-axis and Y-axis directions to the ball end mill and work
piecesothatcuttingisperformedinaspiral anddown—-cutmanner.
[0007] In patent document 5 (Japanese Unexamined Patent
Application Publication No. 2003-260611), a boring method for
boring an inclined hole in a plate material is disclosed, in
which when an inclined hole is tobe drilled in a plate material,

a hemispherical hole is at first drilled for positioning the



Patent document 2: Japanese Unexamined Patent Application Publication
HO08-71824 Patent document 3: Japanese Unexamined Patent Application
Publication H04-348803 Patent document 4: Japanese Unexamined Patent
Application Publication H06-134648 Patent document 5: Japanese
Unexamined Patent Application Publication 2003-260611 [Disclosure of the
Invention] [Problems to be Solved by the Invention] [0008] When a
shralkediameter drill 19 usediiroaf deeprholdrdrllinggsincedit haged large et ed
ratip and a drilled-hele.is .deep, there isa long timesperod duringwhichthey
cutting chips move inside the drilled hole until they are removed. During that
tire, 'dife to-ah Tnfllieride’ Gdused by a flute twist, there was a problem that
the cuttindg ehgstmight mowvento thé end Ofthe cfigte ahdegetrbitted befweemt

the guterperiphesalsurface of thegeas of neck section of the drill and the
inner circumferential surface of the drilled hole, thus causing the drill to

vibrate daritg dfilling andYeRulting in a Foot SHightfesS 8t Hole o 1t
eken causingtheesimallediameterdal 10 d2aak. In particular, if the flute is

long, drill ggidity,will 8 1gw. 5 thaf the J%%QQE@SS Ohdhe like Mgty o

become remarkably poor and the drill might break if a small diameter deep

hORPisIddlle "M Srebver advéiwheh theSfité is made shorter in order to
increase maneahanicalstrength, iithe dridkdiameter isdemasm Ofidess, Hheent

cytting.chips are sfill apt to moyve toward the rear of drill 3 0 section and get
b%?epn ﬁwct%elgrri)llegt O?Lel,ct ltjéorréngteringglt Ia|mpossible to drill a deep hole.
[0009] In Viewrsi-the AbOVES TS an objeeP BRI BresEREIAVERSh toprboile

amew type serall-diameterdrihhaving-a aiameter of 1 mm or less for deep
hole drilling, and to provide a micro deep hole drilling method, so as to drill

deep holes having an L/D ratio of 15 or more, especially an L/D ratio of
[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0008] When a small-diameter drill is used in a deep hole
drilling, since it has a large L/D ratio and a drilled hole is
deep, there is a long time period during which the cutting chips
move inside the drilled hole until they are removed. During that
time, due to an influence caused by a flute twist, there was
a problem that the cutting chips might move to the end of the
flute and get bitten between the outer peripheral surface of
therearornecksectionofthedrill andtheinnercircumferential
surface of the drilled hole, thus causing the drill to vibrate
duringdrilling andresulting in a poor straightness of the hole,
or evencausingthesmall-diameterdrill tobreak. Inparticular,
if the flute is long, drill rigidity will be low, so that the
straightness or the like might become remarkably poor and the
drill might break if a small diameter deep hole is drilled.
Moreover, even when the flute ismade shorter inorder to increase
a mechanical strength, if the drill diameter is 1 mm or less,

the cutting chips are still apt to move toward the rear of drill



30 to 50. [Means for Solving the Problems] [0010] Namely, the drill of the
present invention is a small-diameter deep hole drill having a drill diameter of
1 mm or less, including a drill section having cutting edge(s), flute (s) and an
expanded-diameter portion, wherein : the flute has a length which is at least
5 times and at most 10 times the drill diameter; the drill section at first
shrinks and then expands, changing in diameter from a drill cutting edge
tovardl @rearcend ofthetdrill sectibe, dn outeddiemhetertdfitherdrilfleseiction 4t

the.gpd ofithe f@e&g@@aét@e%gmg}slgnd at most 0. 98 times the drill
diameter; an e>\</panded -diameter Q}OFIIOI’] is provided between the rear end of

the? 4Rl Section’&nd a*Aedk SERdA © hating 2 dinater Which expants Hrom"
thexoateridianteterrofitikeendrefvtheythstesup 16 1dorlessdimes ithe dlliing a

digmeters theeneck sgetionds cannected witha shank;section,andhgs &, ; qe

diameter smaller than the drill diameter and a length which is 10 or more
tith&% e diff erametsr. (3011 Earher he prégeﬁﬁrﬁférﬁﬁbhl& geep holes
smal:diameter deep thaleddrill havingnardrill diamaeter 0f 1 mymioiesstio of
ingludipgs g drill section having cutting edge(s), flute(s) and an
expanded-diameter portion, wherein: the flute has a length which is at least 5
times and at most 10 times the drill diameter; the drill section has a
smaél&skdfamemﬂparﬂgntawvmeﬂejjemme longitudinal direction of the drill
%qrg an OL&ter 4.0 dlatmeter of % drgl qé:tlon at the tend of th%flute isat

inv 10n
east tlmes an at most098 times th rllllalameter a

eiﬁaﬁélééjcﬁé}m*é?ér POFivA IS provicet ARthe fear @ﬁblldf fheaeRificge ctfon, mm
hayingea diameter whish expands frose Hﬁa@uteradhametaﬁmmg e@@zlg@f the,
ﬂg% rﬁo 1or Iess times t e ”olll dla eter th neck s tlon is conr %tfut
wit a?1k secfaon And'has adiameter sﬁweﬁler?ﬁént e (?ﬁfldlamee[er and a
lérthe wisicE g 10 6 mére Bimés dsd drilk dizereterd [6012P AT thE times the

smallrdiametes deep hole-drll of the preseMt a2+ first shrinks and then
expands, changing in diameter from a drill cutting edge toward
a rear end of the drill section, an outer diameter of the drill
section at the end of the flute is at least 0.9 times and at
most 0.98 times thedrill diameter; an expanded-diameter portion
is provided between the rear end of the drill section and a neck
section, having a diameter which expands from the outer diameter
of the end of the flute up to 1 or less times the drill diameter;
the neck section is connected with a shank section and has a
diameter smaller than the drill diameter and a length which is
10 or more times the drill diameter.
[0011] Further, the present invention is a small-diameter deep
hole drill having a drill diameter of 1 mm or less, including
a drill section having cutting edge(s), flute(s) and an
expanded—-diameter portion, wherein: the flute has a length which
is at least 5 times and at most 10 times the drill diameter;
the drill section has a smallest-diameter portion anywhere in

the longitudinal direction of the drill section; an outer



invention, the flute length can be set at least 5 times and at most 10 times
the drill diameter. On the other hand, if the flute length is long, the cutting
resistance will increase, and drill vibration or the like may unfavorably affect
a straightness of a drilled hole. For this reason, the flute length is desired to
be 7 or less times the drill diameter. [0013] Moreover, regarding the
small-diameter deep hole drill of the present invention, the outer diameter of
the peek section his fequiredvotbeosmalleh thandhel drillediaiméeter Howevers tit

isydesirable for theyouter digmetes of he: neck segtion 4o ;he sefatleast0.85
times to less than 0.98 times the drill diameter. More preferably, guide

PORIGHE Sach hAVHG AnBuiter Ulanietdt OF af fchst '0.68%ir&8 ‘and ‘At fostiS0
tilmeslthesdalt idiameétey arg provided atonelor rhorepesitionscom themesk er

sgetian« 10034] When g distance frarp thedrill segtiondothe; guide podion(s)
is long with resgect to the depth of a drilled hole, a straightness of the drilled

hOIPINAFBE UnfaGorbly affectedd uniti the glias Fortioh(s)eriers thé arifiéar
hete] m!ﬁr@i #matpro bdeuanltm_ut thesstraightiess Inég}u_nlmecelaraa@eei. Treordhis
reasen, itis preferable thatthe dnteryal between;the guide. portion(s) be at
least 5 times and at most 10 times the drill diameter, and that the closer the

pb&HibAS of-the-BidE AArichs=15 it dRfl Sechiohotie Shortef thé intervasn
between the guide potiion(s}stionld be made.tPreferably; thedength of @ach
SUER APPSR, sl o s Do
eftire BritFeAgth DO P5PA fiter6 deepolearifihghgtiod bf the srrzentnd
il’ﬁﬁﬁﬂﬂl)ﬂi&ﬂdﬂ@ﬂ?ﬂﬂﬂ{ﬂﬂ@ﬂﬂﬁg%@@aﬂﬁé\@o@bmﬁﬁ}f&ﬁﬁlaﬁmmﬁéness
ogemsufacs o3 ude ol o 2 sppoxae Hemephetes i
precision’ [0016]aamelyiss niitro deep hole dnifling method of the present
invention isa reethod, characterizedd by diling aioledhavingeep hole drill
of the present invention, the outer diameter of the neck section
is required to be smaller than the drill diameter. However,
it is desirable for the outer diameter of the neck section to
be set at least 0.85 times to less than 0.98 times the drill
diameter. More preferably, guide portions each having an outer
diameter of at least 0.98 times and at most 1.0 times the drill
diameter areprovidedat oneormorepositionsontheneck section.
[0014] When a distance from the drill section to the guide
portion(s) is long with respect to the depth of a drilled hole,
a straightness of the drilled hole will be unfavorably affected
until the guide portion(s) enters the drilled hole, resulting
in a problem that the straightness might be damaged. For this
reason, it is preferable that the interval between the guide
portion(s) be at least 5 times and at most 10 times the drill
diameter, and that the closer thepositions of the guide portions
tothedrill section, the shorter the intervals between the guide

portion(s) should be made. Preferably, the length of each guide



a diameter of 1 mm or less and a depth of 10 or more times the diameter of
a drilled hole, especially 15 or more times the diameter of the drilled hole, by
using a preformed guide hole to guide a small-diameter deep hole drill.
[0017] According to the micro deep hole drilling method of the present
invention, prior to drilling a deep hole, a guide hole is formed using a ball end
mill. The ball end mill is fed in the direction of rotation axis of the ball end

il rdo that sthé diméter oftheeguide holeds madersdddst 0190 timeseatdr
at mostd,Opdines the diameter of the small-giarnster-deep hole idrill and the

deEth of the %uide hole is made at least 0.6 times and at most 2.0 times the

diméter Ofthe ‘Shialf- dlamhetet'deep Hoid dill. Here, the guide hole is made
ta havé a bottom seafacéeira substadtially hemispiarical shapéc-urtlwerethie

smalldiametersdecphiole grill has a.fute length, whichis at Jeasts imes and

at most 10 times the drill diameter, and the neck section has a length which

is£6 oP Ridratintes tHearilP Wi etdr- Sucka SmaliamBtet e o dril
ishased theperferm thierdrlting oy hepeating=a step deed c[0818dsing lke cby

afjgremanfioned dalling,[pethag, itis, possible.a gl 3.Jeen biplg, having a

diameter of 1 mm or less and a depth of 15 or more times the hole diameter,
espadially HEVitRS dn £/ FOBTBO T More! thérebiobtaining ancacteptdbie
6i0andtstablel positiening precision;tealizing ahele drilling; havingeahighng
straightness ang qbtainin]g long life for the may-qi meter deep hole driklll.
(G016 T the"micro dep holo: ciiling mathod of the prosent ventio tsing.a
speéffieguide hote formed By P ban ePePPill 2t 1/ plefePablBtsuseiges the
smalkdiasieter deep hiola ddll ofdhe, presentinyeantion: ek copses al
tapered expanded-diameter portion expanding in the direction toward the
R i oRatal ot BEATh TULE i A0 146 Hebk section. The
siHlldiameterc eeépioledriinhag acfitedengtihof at feaist Bithmessditbdt of

most 10 timescthe, ddll diameter; and adeck lengthy of 10ep nole, a guide
hole is formed using a ball end mill. The ball end mill is fed
in the direction of rotation axis of the ball end mill, so that
the diameter of the guide hole is made at least 0.90 times and
at most 1.05 times the diameter of the small-diameter deep hole
drill, and the depth of the guide hole is made at least 0.6 times
and at most 2.0 times the diameter of the small-diameter deep
holedrill. Here, the guide hole ismade tohave a bottom surface
in a substantially hemispherical shape. Further, the
small-diameter deep hole drill has a flute length which is at
least 5 times and at most 10 times the drill diameter, and the
neck section has a length which is 10 or more times the drill
diameter. Such a small-diameter deep hole drill is used to
perform the drilling by repeating a step feed.

[0018] Using the aforementioned drilling method, it is
possible to drill a deep hole having a diameter of 1 mm or less
and a depth of 15 or more times the hole diameter, especially

havinganL/Dratioof 50 or more, thereby obtainingan acceptable



more times the drill diameter. The aforementioned drilling is performed by
repeating a step feed. [0020] In this way, it is possible to push the cutting
chips flying out of the flute end back into the flute and surely hold the chips
inside the flute, so that the chips can be removed without getting bitten into
the neck section of the drill, thus obtaining an acceptable straightness for a
drilled hole. [0021] Further, it is preferable that any of the micro deep hole
deillihgsietHodofthel preisent imgehitivirose tise Ismalidiametecdeep hblerg
drill of the Present invention. n[0022]dndheynicra deep. holg drilling-method Qf

the gresen.t invention, when driIIing a hole having a depth which is 50 or

Mot times e dfAmatsitof X afilled hole, a position of an outer peripheral
comieragf thiensiiad-diarmeter<dae i hote drill during reestepdback i preferablyt

logaged inside,the.drilled, baler The pesitiom of e uter peripheral.corpents,

then located at least 0.03 times andatmost 1. 0 times the diameter of the

h
siralf-dignfeter deep hols Hiilf ot the Ertifalcerof fidentrsnce of theariisd
hpte= §6023] drr¢he twicrovdeem holedrillig rnethod :0f dhexpresend -inventiorra

fecding speed, of ine small:glameter deep, hole orl quring nop-drilling is at

least Im/min and at most 4 m/min. 7 0 [0024] Further, another embodiment of
tHE B Of thespidserit SREePton fEal @i haRtg aldrill Hisnidter of S ARFoFT
lesse dnictudingai drillisestionthaviagieitting edge(s), 1 fute{spandman and at

expanded-diameter portion., The flute has a length "%%ig%‘ is.atlegst » times .
and at most 10 times the dlrl diameter. The éllameter of the drill section is at

fifstredutedSahtitHen dcreaset fiom tHéewfing Ttrpttowsd tHel fearor the
dpll rsection The outerdiameter efthe delkgection at the end of the flute is
a .9 times and at mast Q.98 times. the drill dia r.An_. . .
bzt katol AR iadb o b TR RS
expandmg it sctapered forae from e buter diametér ot the ehd bf the fiee d

upre substantialyi de the flute, so that the chips can be removed
without getting bitten into the neck section of the drill, thus
obtaining an acceptable straightness for a drilled hole.
[0021] Further, it is preferable that any of the micro deep
hole drilling methods of the present invention use the
small-diameter deep hole drill of the present invention.
[0022] In the micro deep hole drilling method of the present
invention, when drilling a hole having a depth which is 50 or
more times the diameter of adrilled hole, a position of an outer
peripheral corner of the small-diameter deep hole drill during
a step back is preferably located inside the drilled hole. The
position of the outer peripheral corner is then located at least
0.03timesandatmostl.0timesthediameter of thesmall-diameter
deep hole drill from the end face of the entrance of the drilled
hole.

[0023] In the micro deep hole drilling method of the present
invention, a feeding speed of the small-diameter deep holedrill

during non-drilling is at least Im/min and at most 4 m/min.



the same diameter as the drill diameter. Alternatively, a maximum diameter
of the expanded-diameter portion is made substantially the same as the drill
diameter by combining a tapered portion with a cylindrical portion having a
diameter which is approximately the same as the drill diameter. Besides, so
called "approximately the same diameter" preferably means at least 0.95
times and at most 1.00 times the drill diameter 2, and more preferably
giédtef thanfL95time sathetdi dinbetene[0025]4h théreXpanded dinntetent

pertiamexpands in ajtapered. farmg from.the outes diameterof the,end atthe,
flute up to substantially the same diameter as the drill diameter, or if a

téﬁe%%%&%o% T Eombinet With 2 &y fTafEa paiTior Having a diamdter 27
wdmickR 1approkihately the samme asithe diifldidmeter, ha <lrdl Raviograrnwvhich

expandeddiamefer portion's maximum. digineter substantally equal fo ihe-
drill diameter can be used to drill a blind hole or a through hole, particularly a
tHroGgh ABE" Capablett fowing e éxpandedtdiametervorichi? e then
comptetehy passothronghc{0026]Aectrding iathe presertdnventionesicel 1

t@%JP%WTU”‘fﬂ@@ﬁ’&%rp%ﬂi%eoécéi‘eoef(pé}{bd%dfghaimgéec!&‘?{)ﬁogé‘ac%e end

approximately the same diameter as the drill diameter, the 8 .

eXpahbedidiahfete? portioR®Tithe -smakiffiantater drilmeit finéfoh 1B %ightiye

palish the inmercsurfacaofdhe difled-halemer bas@itnctionisimilastoded at

re: rgerréghrergrpé(_ig%p %veingrtjt) lrcs)léghness of the irﬁnler surfac %f the %llriged
0

t ,
hole and improving the straightness of the drifled hole. Therefor ,eggcorcﬁﬁg

td tRE pPesent ifventioA - RIsA0- fmGer mécedsdritbperfome ab féaming: L LY
processawbich was otierwise-Recessary inipHeE af thereby rendaring it, a
PEslc chmse mocess oL dlne e et vl s v,
shigisdiantetet Heepritoleadritl ofsthehsredent indéntio, Sinée tkembining a
maxime-diamelenportion of the expanded-gdiameter PORIOAJAS 41 ameter
agggoc)ﬂrggtgl ptrhoexslar'nrg‘sedll?irggteeg ame as thedrill diameter. Besides,
so called “approximately the same diameter” preferably means
at least 0.95 times and at most 1.00 times the drill diameter
2, andmorepreferablygreater than0.95timesthedrill diameter.
[0025] If the expanded-diameter portion expands in a tapered
form from the outer diameter of the end of the flute up to
substantially the same diameter as the drill diameter, or if
a tapered portion is combined with a cylindrical portion having
adiameter which is approximately the same as thedrill diameter,
a drill having an expanded-diameter portion’s maximum diameter
substantially equal to the drill diameter can be used to drill
a blind hole or a through hole, particularly a through hole
capable of allowing the expanded-diameter portion to completely
pass through.
[0026] According to the present invention, since the
maximum-diameter portion of the expanded-diameter portion has

approximately the same diameter as the drill diameter, the



as the drill diameter, the expanded-diameter portion also serves the role as a
guide in the axial direction of the drill during a step feed, thereby ensuring an
acceptable straightness for a micro deep hole. [0028] The through holes
drilling method of the present invention is a method which uses a drill
selected from among the small-diameter deep hole drills of the present
invention, with amaximum-diameter portion of the expanded-diameter
periomdraving appreximately the sametdiameterlas thedrilt diandetet.l Incan
otherwerds «the present invention provides-asmethed ofr drilling-through,o1¢

holes each havm%];? diameter of 1. mm or less and a depth of 10 or more

tiffes'the Rofe Giaméter Se&pedialy °a depth that is" f%?kﬁé(or]emﬂ%% ‘the HA8
diammeterskedetailh hensethrod Gses @ Srmhal-diameted deep hole drlhoftheg

prezent inveptian.descrbad.aboye topederm a drilingwhile repeating, & « o

step feed until at least the maximum-diameter portion or the cylindrical
pBPt?or%%ﬁ%Pr%téHﬁﬁbﬁjg‘FﬁhelBnﬂéd%lé"ﬁ@@?ﬂ%%ﬁ?&ﬁé t%otr%eﬁrfr%@ha
hotea driingrmethods ofvthisc ipresentinention gt iss preferable to guidethert,

SE%?AE%@{)‘?&%Q??H@WP Sl hyag %'9%!98{%8@%( rped hy-a hall gnd, mill 3

having a specific shape. Another micro deep hole drilling method of the
p?e@éﬁif MvETHON i< 81Hethed %Pd’rﬂﬁﬁgo& %Hr&ﬁ@ﬁdﬁéljelﬁﬁ\ﬂrﬁf acfiaméter of
1d’ﬁm>ﬁ[LLES(Sn&ndiﬁldapth of 10 or more times the dlameter of the drilled

eci 15 or tlmes the dla eter of t hole In
e B L e e e ot
tH@H@ébWe drifl BF¢Re p@@ntW@T%@%?@berf@%taod‘ﬂlllﬁgfwhﬂée
repgating-the;stepsfesd patjlttben expangded-siameterRorion having dameter
dlanﬁe;[er thatﬂs appr leaeﬁ the %%rge S, the dr|II dlame% er of @ o
sma 0e lameter eep & dr pen &irates roug e drited Hofe. 5[805360‘1 KRS
deberibed<algeve, itus preferabie that the @amm fofmimg rdethbd 8ftHe1g

presentdnyeptionuses-aPallignd-ing an acceptable straightness for
a micro deep hole.

[0028] The through holes drilling method of the present
invention is a method which uses a drill selected from among
the small-diameter deep hole drills of the present invention,
withamaximum-diameter portionof the expanded-diameter portion
having approximately the same diameter as the drill diameter.
In other words, the present invention provides a method of
drilling through holes each having a diameter of 1 mm or less
and a depth of 10 or more times the hole diameter, especially
a depth that is 15 or more times the hole diameter. In detail,
the method uses a small-diameter deep hole drill of the present
invention described above to performa drilling while repeating
a step feed until at least the maximum-diameter portion or the
cylindrical portion penetrates through the drilled hole.
[0029] According to the through hole drilling method of the
present invention, it is preferable to guide the small-diameter

deep hole drill by a guide hole preformed by a ball end mill



mill which is fed in the direction of the rotation axis of the ball end mill to drill
a guide hole having a diameter which is at least 0.90 times and at most 1.05
times the drill diameter, a depth which is at least 0.6 times and at most 2.0
times the drill diameter, and a bottom surface which is in an approximately
hemispherical shape. [Effect of the Invention] [0031] Using the present
invention, it becomes possible to drill a deep hole having an L/D ratio of 15
ohmorey obtainihgl Bhcacdeptable réughiess ofikhole idnersbidace Withbuing
upevenness ofthe dikenasiwell as;an excelientstraightness: [Q032]rurthesi

using the present invention, it becomes possible to realizealonqlife for the
W

satCdisietet dedpH516ari’by EBbining thé Rev? difiPsiapé with thé'ReR
drifimgs méthod §0833}ncddditiend whielredpplieé@ to andrikingproeédy fars or

f%&‘}iggéifﬁ&ugﬁmgo&eﬂéﬁéﬁ?ﬁsgﬂ {nventiomGan; greatly. improve a1 inner, o
surface roughness of the drilled micro deep hole and 10 0 ensure an

ACCEPADIE STRIGHINESE RCCSTdingh frtistdies Hossibietd omit 4%ednmig

ptocesswiich mgpihgrwiSet_hﬁepr aeee$sarwa_fteliardrillsingamrox_ze_ssemfpﬁmr
atl, thereby s rendering, it possiple to perfotp a migro deep.ngle dyilling for, ;,

drilling a through hole in only one process using only one drill. [Brief .
Deseriptioh ot tAE Dravinds] [FIG 1] A&7 1Shovis af eXERipIé of ARYuter:s
appparaiiceaokaysmatiediameter deld of the presentiinventer.H&G. 2FFIGh2
showIc,leLrépther gxan&ple of an outer appearance . of a shmall-d}ilamr%ateédrilﬂ of q
the. |%resenltaiFln\?er?tlron.e fFEfG.% FIG.3 ?s%esn&terrﬁgtelg vtiev]f/oslfw%withgea drlr =
SEEH6EN 5 shown in FIG. 1 [FIG. 4] FIG. 4 is a schematic view similar to FIG

3/8bawing apotherempbedimest:dF1G 5} ElG-5 1% agcheratie view sinilae
t%ﬂ% Sfosrhrr?iwniggmeap}?ggiero%m&)girgl?en;'ent invention uses a ball end
mill which is fed in the direction of the rotation axis of the
ball end mill to drill a guide hole having a diameter which is
at least 0.90 times and at most 1.05 times the drill diameter,
a depth which is at least 0.6 times and at most 2.0 times the
drill diameter, and a bottom surface which is in an approximately

hemispherical shape.

[Effect of the Invention]

[0031] Using the present invention, it becomes possible to
drill a deep hole having an L/D ratio of 15 or more, obtaining
an acceptable roughness of hole inner surface without unevenness
or the like, as well as an excellent straightness.

[0032] Further, using the present invention, it becomes
possible to realize a long life for the small-diameter deep hole
drill by combining the new drill shape with the new drilling
method.

[0033] In addition, when applied to a drilling process for
formingathroughhole, the present inventioncangreatly improve

an inner surface roughness of the drilled micro deep hole and
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[FIG. 6] FIG. 6 is a front view showing another embodiment of FIG. 2. [FIG.
7] FIG. 7 is a front view showing another embodiment of FIG. 2. [FIG. 8] FIG.
8 shows an example of an initial stage of a conventional drilling process
[FIG. 9] FIG. 9 shows an example of an intermediate stage of a conventional
drilling process. [FIG. 10] FIG. 10 shows an example in which an opening
angle is larger than the tip angle of a drill. [FIG. 11] FIG. 11 shows an
exampie irwhictrantopeing anglahs eepral toAhe tipdangleyof aldrilbdFe@e s
12LELGp12 shows an apeating-order for astep feed, dE1G: 431 f1Gel3rten

shows a %osition of an outer peripheral corner durin%a,step back. [F}IlG. 14b
FIE T4 $Holvs At 8karfiple’of tha Williig Reifoa'dr T tothe prégent=*®
imentioni fBIGE 15} FH6Go 1S shaves dnotherrexanwpieepthe trilting Method cof

the-present Invention;|klG..16} %'&#Q@BW&% example o gridenole 11

comparison between an example of the present invention and a conventional
example. [FIG. 17] FIG. 17 is a front view showing a small-diameter drill of
thepteserntdnvention. k|G £18hEIGrid isadiont view showing another

embedimentzofFIG. 14, [FIG, 1LEIG, 119 shows a Grass seelion of awgtk

piece drilled using the method of the present invention, and an actually used
o3I [FIC  2UTFIEE 208 'd sChematicRAGw SHowiRg dHotR8r shape of an
expandedidiameter pontion showthirFKxa2[FHGo 213 fr16u 2drisaapsehematie
view similar,tp FIG 20 shO\évinq anather shape of the exganged-diameter
p8rtioan.s[rlg?G. 2 I%incgt 52 is asc e?nat?c \e/ieE\j/v gisrﬁﬁl;r {0 FIG b?ghowing
anbiter sHape of tRe‘exparrdédatameter sortigrwing a drill section 5

shown in FIG. 1

[FIG. 4] FIG. 4 is a schematic view similar to FIG 3, showing
another embodiment.

[FIG. 5] FIG. 5 is a schematic view similar to FIG 3, showing
another embodiment.

[FIG. 6] FIG. 6 is a front view showing another embodiment of
FIG. 2.

[FIG. 7] FIG. 7 is a front view showing another embodiment of
FIG. 2.

[FIG. 8] FIG. 8 shows an example of an initial stage of a
conventional drilling process

[FIG. 9] FIG. 9 shows an example of an intermediate stage of
a conventional drilling process.

[FIG. 10] FIG. 10 shows an example in which an opening angle
is larger than the tip angle of a drill.

[FIG. 11] FIG. 11 shows an example in which an opening angle
is equal to the tip angle of a drill.

[FIG. 12] FIG. 12 shows an operating order for a step feed.
[FIG. 13] FIG. 13 shows a position of an outer peripheral corner
during a step back.

[FIG. 14] FIG. 14 shows an example of the drilling method of
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[FIG.23] FIG. 23 is a front view showing a small-diameter drill of the present
invention. [FIG. 24] FIG. 24 shows another example of the small-diameter
drill of the present invention. [FIG. 25] FIG. 25 shows in detail a part of a
drilling process of the present invention. [FIG. 26] FIG. 26 shows a
comparison of drilling state at the final stage for drilling through holes,
between the present invention and a comparative example. [FIG. 27] FIG. 27
shbwsra dritting stateeat fiwnfinal stage for drilling a through hole, according

to thespresentinyentiony IFIG 1 281 FIG. 28.shows aedrilling state atdhedinglq
stage for drilling a through hole, according to a comparative example. [FIG.
28f FIG 25 So%\r/lstajﬁb‘f MréFsurface obtained according to the present

inMehtion 612" 0GFIG. B0} Gn 88 shohs & lwledamerlsurfacesformedbetween

aceordings 1Q & eamparative example, {k1G. 314 FIG 31 Shows,a £1088np1e .

section of a work piece drilled using the method of the present invention, and
ahfctuaty uE&d tddl. [FI& E321EIG 3% ShOWS S Corfisarison e ioierter -

suifacee hetweentthérpresemnbimyention and a prior art which is based on an

elgctric discharge progessing. {Best Made, far Gatrying, aut (e Invention] . .
[0034] FIG. 1 and FIG. 2 show examples of a small-diameter drill for deep

hefe 8riffinglatcording to the present invention. Hereafter, for the sake of
convenidance rthe .snalkdiameter dell sferedeep hale drillingkagcerainga thed

Presen ienfian.wil aiso peJefered (o g8 smal digmeter il HIS, §ls g
an exgmp e showing that there is not a guide portion 13 in a nec settion :
aRB8FIG. 2 is an example showing a guide portion 13 in the neck section 6.

In ;e.'_rmer mam@l@. the sreall-diamaeter i@ri{}ﬂe@ompﬂ_sﬁsgaaj{iﬂtss@qtimépe of
having a citing sdge s .2 e &, 3.4 spigstgipmeter portion 81in a
[FIG. 21] FIG. 21 is a schematic view similar to FIG 20, showing
another shape of the expanded-diameter portion.

[FIG. 22] FIG. 22 is a schematic view similar to FIG 20, showing
another shape of the expanded-diameter portion.

[FIG.23] FIG. 23 is a front view showing a small-diameter drill
of the present invention.

[FIG. 24] FIG. 24 shows another example of the small-diameter
drill of the present invention.

[FIG. 25] FIG. 25 shows in detail a part of a drilling process
of the present invention.

[FIG. 26] FIG. 26 shows a comparison of drilling state at the
final stage for drilling through holes, between the present
invention and a comparative example.

[FIG. 27] FIG. 27 shows a drilling state at the final stage
fordrillinga through hole, according to the present invention.
[FIG. 28] FIG. 28 shows a drilling state at the final stage
fordrilling a through hole, according to a comparative example.
[FIG. 29] FIG. 29 shows a hole inner surface obtained according

to the present invention.



portion 14, an end 9 of the flute 4, a tapered expanded-diameter portion 10,
a substantially cylindrical neck section 6, and a shank section 7 having a
diameter larger than that of the neck section 6. The example shown in FIG.2
further comprises a guide portion 13 in the neck section 6. The drill diameter
2 is defined as the largest diameter of the cutting edge 3 shown in FIG. 1,
and the flute length 11 is the straight-line distance from the largest-diameter
pofticn of the dutfingddgé3te théehd 9rufethe flufede (00385 Thearilkding

seetian s pfthesmall- d@r&eﬁgredrill 1 of the present invention has the
smallest diameter portlon 8 in a small-diameter portion 14 Iocated a Iywhere

inl thie-lengthwisé  directidr? 8F tRe"dnif Settioh's Préféraing the 93707 + -+
soallestidiameter portidre Basose shapeththa its diameteraat frstdédreases!
apd then expands from the cutting edge 3 toward the rear of the drill section
5. The outer diameter of the drill section 5 at the end 9 of the flute 4 is at

lekist ©:9 tilesatid at MESCY DS IMEEIRE diifdiamétet 2. THE Fedrérid of -
thes tordesecticn brhasan expaadtexbdlameltet poriion XX in wihicth the based

d@mg;ereef@@{p&b%yi% odé@@ﬂ%r at the end 9 of the flute 4 up to

1 or less times the drill diame . The outer diameter of the neck section 6
connected to the shank sectlon 7 is smaller than the drill diameter 2. The
lerrytl tl 2etither mecksectiondg is:10 atenare tmesdthe drill diameter 2.

[O[Ql?b@ The dfr%secltlo g clgffge ggna[j dlamete r|II 1 orf the > present.in |nvent|on

is preferably o) shape that its diameter at?lrgt decreases from the cuttlng
efdge 3 tbiartraierear iid 10rithe afiff eeetivA SuntittRe ShtdlledtdRmiee? -

podien 8t etthesmalkdiameter pertiem14nand thenexpands sathatthe 111
o%lter glame er, of t % glilll section 5 tthe en(%g of thesg%&e 4is a Ieast O
times and a most 98 timés the cicr Il&%meter 2. éxpan ng 'the diameter o
thvel dfill’'section s aftér beirp rédeed frlommhecuttng ebge 3ftdward the rear

eadpfghe diilbsectona camalse be explained asfollews: the dtilk segtigpcxk
section 6, and FIG. 2 is an example showing a guide portion 13
in the neck section 6. In either example, the small-diameter
drill 1 comprises a drill section 5 having a cutting edge 3,
a flute 4, and a smallest-diameter portion 8 in a small-diameter
portion 14, an end 9 of the flute 4, a tapered expanded-diameter
portion 10, a substantially cylindrical neck section 6, and a
shank section 7 having a diameter larger than that of the neck
section 6. The example shown in FIG.2 further comprises a guide
portion 13 in the neck section 6. Thedrill diameter 2 is defined
as the largest diameter of the cutting edge 3 shown in FIG. 1,
and the flute length 11 is the straight-line distance from the
largest-diameter portion of the cutting edge 3 to the end 9 of
the flute 4.
[0035] The drill section 5 of the small-diameter drill 1 of
the present invention has the smallest-diameter portion 8 in
a small-diameter portion 14 located anywhere in the lengthwise

direction of the drill section 5. Preferably, the
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5 has the smallest diameter portion 8 of the drill section 5 somewhere at the
rear of the drill section 5 as seen from the cutting edge 3. [0037] The outer
diameter of the drill section 5 at the end 9 of the flute 4 can be viewed as
being expanded when seen from the small-diameter portion 14. By virtue of
this, the cutting chips can be prevented from flying out toward the rear of the
drill section 5 fromthe end 9 of the flute 4, rendering it possible to inhibit the
chipslftemtgetiingbitencor theooufer pesipherab stirfdcetof the drillrseictiones

ok ondhesauterparipheralsirface ahthe peck section & thusdalibitingg.rq
ossible breakage of the drill. Moreover, the cutting thgs can be kegt from

Y .
gelting T Pover the"énd 6 OF tHe fute 4 Hhd Yettiig Bittsh Srtothé hedk -1
seetign éndariag thHeecatth@. ntthisavay uthe duiting thips stan stay insideahe

flute 4, making dt possible io stabilize «the cutting.and gnsure an ageeptable
straightness in drllllnglq.S [0038] If the outer diameter of the drill section 5 at the

eflt e of i futea s shvaldr franrG S times e il dianteter 2 thelclitting”
ch'tps_ Mbmm@m/sx@mtm t@zromffdtheudridjmstsﬁimhi@mtthe aeckkse_@;t'tmh %,0f
caysingthe.cufting torgye 1Q fluctuate,; and the straightness of a dlled halg
to become unacceptable. At this time, the drill is apt to break. On the other

haRESHfthas5UteF Giahftércsine drildet fom Bos greate - ffanh 81 gssHineson
the dsilldiameter 2ratrthenend 9iofithe: fitter4,r itwill badmpossibleifor siethe

‘apered mandeckdiameter porlien 10 p.e descriped aterhfo baye 2.
sufficient outer diameter. There?ore, it Is preferable that the diameter of the

dfifl séetion BBe®xpahdearandtaperéd fromthelsdmanesiediametet porfioAt
S&Téhﬁaaﬁﬁeqm&upd@ &I@emgﬁﬂng fhutes ﬂ-ai?gaaﬂl}aB)ﬁ\tiétldﬂ @:ﬁ&%r
geon oo sl et i, 4 sncilselon 5 e i
getirfid:ditten betaeehithe driled hole Imarsuriass add ahe el PoThUR) tie
sp@liest-diametes portion 8 phtheismallsdialpgtehen expands so that the
outer diameter of the drill section 5 at the end 9 of the flute
4 is at least 0.9 times and at most 0.98 times the drill diameter
2. Expanding the diameter of the drill section 5 after being
reduced from the cutting edge 3 toward the rear end of the drill
section 5 can also be explained as follows: the drill section
5 has the smallest diameter portion 8 of the drill section 5
somewhere at the rear of the drill section 5 as seen from the
cutting edge 3.
[0037] The outer diameter of the drill section 5 at the end
9 of the flute 4 can be viewed as being expanded when seen from
the small-diameter portion 14. By virtue of this, the cutting
chips can be prevented from flying out toward the rear of the
drill section5 fromtheend9of theflute4, renderingit possible
to inhibit the chips from getting bitten on the outer peripheral
surface of thedrill section 5 or on the outer peripheral surface
of the neck section 6, thus inhibiting a possible breakage of

the drill. Moreover, the cutting chips can be kept from getting
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portion 14 is set at least 0.85 times and at most 0.96 times the drill diameter
2. By providing the small-diameter portion 14 within this range, it becomes
possible to keep the front end on the outer peripheral surface of the
small-diameter portion 14 from scraping the inner circumferential surface of
the drilled hole, and thus it is possible to suppress any increase in the
cutting torque, thereby ensuring a drilled hole having an acceptable
strafghthesse[0040pPK thesshallest-tiameter poitioh Bidftthe smafl-diameterk

podian 14 of thersmall-diameter drilf 1 is smaller thap, 0.85 times the,drill; o5
diameter 2, large cutting chips are apt to enter 15 0 the drilled hole, henc

. e
uRfavGtaBl aftédfig the sﬂffé%% foufRfiéds ot thé Hivercifcmierentiar +©
suifaceusftthechelel kn additien, dre egiditylef te smdiitdiasreter drll 11vwitly .

alsen ey unfavorably affected; causing the- small-diamater dill 1o dbreak.
e%zlfli‘y. On the other hand, if the smallest-diameter portion 8 of the
smail-

h

YiamERst potich 14 HFTRRIAAT SEetivr 5is Ggrestéhha b 96%imBs the

drill diameter 2yt will be vimpossibler tomprovidesar taperedtexpandet ciamater
perfign ,capable of pushing back the cutting chips. [9041] One of e e

important features in the srzaaée of the” small-diameter drill'1 of the present

IRAhIGIT IS Hé St dfamétet bbrfloh L proviiSPREtHE F64FBhE OF the
drill sectient5,nlgvinga diameter svhich is d orrless times thee dell idiameterd?.
Preferably, the expanded-dia r portion ;10 is expanded and tfapered. up to
e e b ohY s Lt of s Tt T

sBction L3 ¥Gwakd thelhetk sEEWBRE tntl fiie AiEiffn-tiameterpbititrt 18
of the expardesbdiagmetes portiond Q.40042% Bre functionsiehitbeer portion
expanded-diameter. portion 10 can he described_as follows. Namely
e e S B o e R et
strhetiréostthétehel D of teefilte Yhdéderibad aisves nfddsedmalle? cehipsn

fly st fropthedlute i sughesaller ships.eanhe pushed i ameter portion
8 of the drill section 5 up to the end 9 of the flute 4.
[0039] Byvirtueof the functionof thesmaller-diameter portion
14 of the drill section 5, the cutting chips in the
smaller-diameterportionl4canbeeasilyremovedwithout getting
bitten between the drilled hole inner surface and the drill 1.
Thus, the smallest-diameter portion 8 of the small-diameter
portion 14 is set at least 0.85 times and at most 0.96 times
the drill diameter 2. By providing the small-diameter portion
14 within this range, it becomes possible to keep the front end
on the outer peripheral surface of the small-diameter portion
14 fromscrapingthe inner circumferential surface of thedrilled
hole, and thus it is possible to suppress any increase in the
cutting torque, thereby ensuring a drilled hole having an
acceptable straightness.
[0040] Ifthesmallest-diameter portion 8 of the small-diameter
portion 14 of the small-diameter drill 1 is smaller than 0.85

times the drill diameter 2, large cutting chips are apt to enter
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back toward the tip of the small-diameter drill 1 by virtue of the
expanded-diameter portion 10. Furthermore, the expanded-diameter portion
10 can also cause the chips to stay inside the flute 4, thus inhibiting the
chips from getting bitten onto the outer peripheral surface of the
small-diameter portion 14 and the outer peripheral surface of the neck
section 6. Therefore, the expanded-diameter portion 10, by virtue of the
abbee fimctions, hakes itpossiblaté fJoanaldrilled hote havingt ha asecptatsie

straightness, rendedng.iteelf effectivedn. suppressingabreakage pfthe 1,
small-diameter drill 1. 16 0 0043%Though the ex anded-diameter%{),ortion 10

caR be-&&8ily ‘fade Straight &hd tAFerSd bn its Blter Surthce wheh' 1+ 215
nianufactoning the siadlediameterwrillnt adisheownlin-BiGmEtie duterl 1 to

surface afexpandedsdiameter portion, 19 £an;alse be cypved lnfagt, e o -

closer the maximum diameter of the tapered expanded-diameterlleﬁortion 10
é

t& tHe" At didmheter282 the 848iaT 55 forthis° Bxpandedidthéter §6ftiorTo
to guide the deill Seciion5 9 dhedelysmalking it passiblento mcreaséttheill be

strajohiness of a drilled hoje. [90‘%%19%9%@9“?&%Qﬁﬁé—e&fﬂ%&%@“ lspen

enlarged or reduced in manners shown in F 3 to 5, including

abaBRhAFefhg PHEIBL B, RAGHdéRTt TRIG 28FPaf8 FSombination of
aback-taperng and amendercit(EHGE. Sealtveach ahthercasesathe drill the
seqlion 1has 4 smallest-giametey podion &ip the small.digmater, portion, 44
Prefaerably, fhe amount of back tapering Is a]%feast 0.4/100 mm and at most
2072004, JoeASIEurtherhore, ihdthersmafisfiafieteRariicrsf fHe! presehe
inventionsdhe fhtedength 1djsmadeaat least times ansk-at mpst10dimese
the drill diameter 2. A flute lepgth within such a range can ensure a . .
B o e O TR T 4. ap o e b 4R
1hovesingiiededdeep helestive! cutting chipseah beactlmlblatedriasiee the

flute- 4. H the fltetength Lhis shorter thar btines the dill diametes2caion

feedinvg amaount per }sétroke of the , , , ,
5 toward the neck section 6 until the maximum-diameter portion

18 of the expanded-diameter portion 10.

[0042] The functions of the expanded-diameter portion 10 can
be described as follows. Namely, although most of the cutting
chips are kept from getting bitten by virtue of the structure
of the end 9 of the flute 4 described above, in case smaller
chips fly out from the flute 4, such smaller chips can be pushed
back toward the tip of the small-diameter drill 1 by virtue of
the expanded-diameter portion 10. Furthermore, the
expanded—-diameter portion 10 can also cause the chips to stay
inside the flute 4, thus inhibiting the chips fromgettingbitten
onto the outer peripheral surface of the small-diameter portion
14 and the outer peripheral surface of the neck section 6.
Therefore, the expanded-diameter portion 10, by virtue of the
above functions, makes it possible to forma drilled hole having
an acceptable straightness, rendering itself effective in

suppressing a breakage of the small-diameter drill 1.
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small-diameter drill 1 per step feed has to be made small, hence rendering
the cutting edge 3 easier to wear. On the other hand, if the flute length 11 is
more than 10 times the drill diameter 2, due to a decrease in the rigidity of
the small-diameter drill 1, the straightness will become poor. Patrticularly, in
order to ensure a necessary rigidity for the small-diameter drill 1, itis
preferable that the flute length 11 be set, as possible as it can, at most 7
ti&sithe drilldiagieter 2.8046] Oh-thiecothie? thaed, therlehytheof the drilily

sgetiensd 17 Onis made-atmosth2 imes the drill dianeter 2L hisds haecause

if the Iength of the drill section 5 is longer than 12 times the drill diameter 2,
|

the figitiity of the Shmattdismater difil T baLome low andtie fbtSurtace
redormpendesle dHawevaer, bymhakimgl theareek sectien@iiongy it istpossibte

tq dll.a deep hole, having, & depth which is 42 or more dimes e diill et e -

diameter 2. Besides, it is preferable that the outer diameter of the neck

sBefidr e hi fodstD B5 tirés 4RE 168 thbiy 10 Giriés tie dfilldiametér2 S
[@1_3@@ dfithie-duter<iameterrafithe _rileitktseo@'r@tlc& ?stlbss dthz'a_hlo ._85ctimes the
diill diameter. 2.8 dangsrof brgaking the, small-diameter drll 4,pcreases due
to an excessively thin drill. On the other hand, if the outer diameter of the
netk seeflof°6%s 1.0 times the drill diameter 2, the outer diameter of the
neck sectiorramtil e, equal to-thel del didmeter 2aresulingoin arjarablem that
a cutting resistance during a drillj rogess. is.large. [0048] According ta the
o B S et TR ke L
incré&siAg 1176 [eRg e 12t dFthe- recRSeetioiB - fhe- lepiy - PPaFthetreck 1ng
segtiombiisa srade tores 16 pr moredimes therdri diameter 20 At thesfinali on
step of a drilli ocess according.to the present invention, _the drill section
S B FAted I AR Te In SHGE torUHILe & e ot e o
shrfedl-diaréreradrillyt &he rnavill tadebp Holelvavihg ah weteptatsie 0- 4/100

straightness, ihisst 2.0/100 mm.

[0045] Furthermore, in the small-diameter drill 1 of the
present invention, the flute length 11 is made at least 5 times
and at most 10 times the drill diameter 2. A flute length 11
within such a range can ensure a necessary internal volume of
the flute 4, so that when the small-diameter drill 1 moves inside
a deep hole, the cutting chips can be accumulated inside the
flute 4. If the flute length 11 is shorter than 5 times the
drill diameter 2, a feeding amount per stroke of the
small-diameter drill 1 per step feed has to be made small, hence
rendering the cutting edge 3 easier to wear. On the other hand,
if the flute length 11 is more than 10 times the drill diameter
2, due to a decrease in the rigidity of the small-diameter drill
1, the straightness will become poor. Particularly, in order
to ensure a necessary rigidity for the small-diameter drill 1,
it is preferable that the flute length 11 be set, as possible
as it can, at most 7 times the drill diameter 2.

[0046] On the other hand, the length of the drill section 5
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preferable that the outer diameter of the neck section 6 be at least 0.85
times and less than 0.98 times the drill diameter 2. Further, as shown in FIG.
2, the neck section 6 is provided with at least one guide portionl3 having an
outer diameter which is at least 0.98 times and at most 1.0 times the drill
diameter 2. [0049] By making the outer diameter of the guide portion 13 at
least 0.98 times and at most 1.0 times the drill diameter 18 0 2, the guide
porionds eamgettintd comtaet With dne iineéi surface of a diiled olecYikien

the-negk sectign:6 advanees intoia sleep; pertion of adilled holg, by virtue of
the drill section 5, the guid%ﬁortion 13 is able to guide the dill section 5
i

alohg e linrfer Waik 6f the drilfed héts. 1o8501 ﬁr%%e?&ﬁ%/,lt‘hdei g b dach
indwaduabguide portiemn di3nigsat teast Oc2utimesadnia at riosed Setinvgsridieididll

diarmetgr 2. foensures desired;strength for each guidg.partion 13,45 o1 e
preferable that the length 47 of each guide portion 13 at one location be

b
|Gt O the GtRER HEH: i tie tength 4976t tHEGide pSttion 18 EXBeEES 0°5
tifes] @ecutting resistanter will partialty increasee cadshngea vibratiorhanddhis
rendering, ik difficult tq ensure agdesited strajghtness for,a,drilledhole.. s e
However, if the length of a guide portion 13 at one location is shorter than
0% tite < AWM Y5 difficult to ensure a desired strength for the guide portion
18pcausing an undesiredcehipping wefithefguide partiansk3-and:thas renderng

it ifficudt epsure a sufgcieﬁ %yidineqceffegt. Be&ides singqoa chipping area
o?d{haenguig)e? polrrtf}gﬁls %eetsrlrl\to contact with theainnaer}gs%]?fgpe ofa rﬂl%d %olee,
tePddgithesescorthe inner suface v diiR8CREIE HTAP BeEsmethindrill.

deteriorated HOP51} Hds prefenable thatan intepwa! between-e vieryktwe: guiten
portion e at least 5 tim nd at most 10 times the drill. diameter 2.

P R A T a-oale ol Sl e e
poftitns d3tgetinftoidéontdet withi athe intéestirfate dfartkilled Rolegpeulting

begomesPassible 1@ eNSUe ing resistance during a drilling process
is large.

[0048] According to the present invention, in order to drill
a deep hole with a large L/D ratio by increasing the length 12
of the neck section 6, the length 12 of the neck section 6 is
made to be 10 or more times the drill diameter 2. At the final
step of a drilling process according to the present invention,
the drill section 5will be received inadrilled hole. 1In order
to suppress a deflection of the small-diameter drill 1 and to
drill a deep hole having an acceptable straightness, it 1is
preferable that the outer diameter of the neck section 6 be at
least 0.85 times and less than 0.98 times the drill diameter
2. Further, as shown in FIG. 2, the neck section 6 is provided
with at least one guide portionl3 having an outer diameter which
is at least 0.98 times and at most 1.0 times the drill diameter
2.

[0049] By making the outer diameter of the guide portion 13

at least 0.98 times and at most 1.0 times the drill diameter
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a desired guiding effect, thus ensuring an acceptable straightness for the
drilled hole. However, if an interval between every two guide portions 13 is
smaller than 5 times the drill diameter 2, it is considered that an effect of
suppressing a deflection of the drill 1 may be sufficiently obtained. But,

since the interval between the guide portions 13 is small, a cutting resistance
will partially increase, rendering it 19 O difficult to ensure a desired
straightngssderca drilled holeadue tola restiting vibrationt Gnithe<atiheriand,

ifdhe, aforementioned intenval exceeds 1Qdimes the dull diamster2, singep
the interval between the guide portions 13 is Iar%e, it will be difficult to

sbfticiertly Shppress a Geaetion"cf the difil Tthat may occdi Betord the ikt
guidedpoptiort 18rmbyess intolthe drifleddwoleh thus Unhfavorabby affectmgptiene

straightness of the drilled hole.JQ0R2] In this way, since the guide portions 13
can é)rovide a guiding effect by virtue of the portion received in a drilled hole,

heté3d ho reedtorpovide the bt POrtiGRs 13 4t e ‘Saré e AP alotfy’

thes entike- NeckseCtiontG.rMereovert as other embodimenisiefiguide potticns

13 shownin FlG. 6 apd FlG, T.His praferable that largernumber gf guide;
portions 13 or those having larger areas are provided closer to the cutting

ed§el3 hEE ENSTrinifa desfretFguiting éffett. 90653 Thesaasbhifor the 2t
abovelcarebe e@xplainechas follewsh Namely, withdespect te-the adepth of ao £

hole being drilled,.a shaorter distance hetween the drill section 5 and the
o e S 1 e o e ance
drifiéd Reretatedn Barlier fmee thereby %ﬂcﬁl\ﬁ’ﬁ@%ﬁé gﬁfdénﬁd%ﬁéﬁsrf@‘?@r 1ing

previder an effect of @nsuring adlesired sstraightnesssat asr-eadier tirae. o this
, the guide portions 13 can suppress a deflection of the small-diameter

T e o e e ral it Bud i

Pasticutarhye e drilfrigtadieep tholel Advdrih aA 19D ratio ofitieastse armt

atmast 200 swhichsgivesasan example Wheleng an undesired chipping
of the guide portion 13 and thus rendering it difficult to ensure
a sufficient guiding effect. Besides, since a chipping area
of the guide portionl3 gets into contact with the inner surface
of adrilled hole, the roughness of the inner surfaceof adrilled
hole may become deteriorated.
[0051] It ispreferablethat aninterval between every two guide
portions 13 be at least 5 times and at most 10 times the drill
diameter 2. By receiving the guide portions 13 into thedrilled
hole and by making the guide portions 13 get into contact with
the inner surfaceof adrilledhole, it becomes possible toensure
a desired guiding effect, thus ensuring an acceptable
straightness for the drilled hole. However, if an interval
between every two guide portions 13 is smaller than 5 times the
drill diameter 2, it is considered that an effect of suppressing
a deflection of the drill 1 may be sufficiently obtained. But,
since the interval between the guide portions 13 is small, a

cutting resistance will partially increase, rendering it
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the deflection easily occurs, the guide portions 13 can exhibit a remarkable
effect. [0054] The length 11 of the flute 4 of the small-diameter drill 1
according to the present invention is made at least 5 times and at most 10
times the drill diameter 2, thereby ensuring the volume of the flute 4 and thus
accumulating the cutting chips 20 0 in the flute 4 while the small-diameter drill
1 is still moving within the deep hole. On the other hand, if the flute length
14ii$ Shovter thansh tintes theeivilldidntater 2yatfeedind ameudt jperestrokd of

the,small-diameter, drill Lyperisiepdesd hasde be smadlpthusicausing the ne
cutting edge 3 to wear away easily. Nevertheless, if the length 11 of the flute
AR5 DB AR a0 SR T S ator 2 HS S8 IeHGlRy oF e
satvallegiarheterrdrik ¥ avillleausesthe Steaghtness ¢o become 3poer.1[8085] ALt

myicro deer; hele; drilling-methed of thepresent Jpyveation;is-4 method which o

utilizes a small-diameter drill 1 having a drill diameter of 1. mm or less,

préfetaoly 6B hiibr Ss o Urics Geep hbfefhading R IB ratid of18vres
miorep especialy aldeep hiode havinghan L/Dnrgdiocofa50 or radres ¢he niater-ok

which T%H%%&e%r%l@egﬂqtﬂ the present invention. [0056]

Conventionally, when carrying out the micro deep hole drilling method, it is
usti8Pto' at fifét fobrcatitiide hole using &'t Forexamtple! wien' gositiorifig
isapetformeg asing-a dyilldisclosed inpateat documenie3 o paternt decumeat

5y, 3nee such.a diill dogs nothave an,out rr%e%ﬁh%ra' CUHing edoe, ap .

operatl'qn of processing the inner surface of the ucile.efaﬁijls to be sufficient,
nfakifg HEHFICAt P REGre- R T0BRERESS PO thé Yeiidehote. FYPHAS Y8aS0R S
whensthe small-diameterdilh ildeites through the guide holer the dribingwill be
very unstable, rendering jti ssible to drill a hole with a high precisign,
e SRS PRGN o B L HE Cotihe e Bl P ™
thé saralRdiametel drilier, ane deirssrwilPoectirdacthel eptrance 6hthecdtilted g

heleydesyltingdp ahreakage af hesired gquiding effect.

[0053] The reason for the above can be explained as follows.
Namely, with respect to the depth of a hole being drilled, a
shorter distance between the drill section 5 and the guide
portions 13 can allow the guide portions 13 to be received into
a drilled hole at an earlier time, thereby allowing the guide
portions 13 to provide an effect of ensuring a desired
straightness at anearlier time. Inthisway, theguideportions
13 can suppress a deflection of the small-diameter drill 1 and
thus ensure a desired straightness for the small-diameter drill
1. Particularly, when drilling a deep hole having an L/D ratio
of at least 50 and at most 100, which serves as an example where
the deflection easily occurs, the guide portions 13 can exhibit
a remarkable effect.

[0054] The length 11 of the flute 4 of the small-diameter drill
1 according to the present invention is made at least 5 times
and at most 10 times the drill diameter 2, thereby ensuring the

volume of the flute 4 and thus accumulating the cutting chips
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small-diameter drill 1. [0057] Even when drilling a guide hole with a drill such
as that disclosed in patent document 4, there had been some problems
peculiar to drilling, as explained below with reference to Figs. 8to 11. 21 0
[0058] As shown in FIG. 8, the bottom of a guide hole has a fixed opening
angle 19 and a predetermined small-diameter drill 1 is used to drill a deep
hole. However, if the tip angle 16 of the small-diameter drill 1 is smaller than
theropenihguargle W9 formed dovidg adguidettrolecdrilling! dsscahibe seenting
FiG 18t ime the small-digneterdrll l-comesdnta eoptactwith .a guiding
portion 21 formed in a work piece 20, cutting will be started from a chisel 22
havin§ & prédételminied \E/i]d%.s ﬁib%é]%&%s%lqﬁ%%ﬁ%,rfs SHAWRIAEIGTE A"
cuting poivk 23 Pralde atiyahoves amthie outwarid direetions oepn Ttker wordsp

in,the, cutting-peint maying, direction, When using the. smalldiameter drill,1,
the chisel 22 is likely to make the small-diameter drill 1 unstable and

fillEitiohSWMGcurin “hole frstidion! tits FESulfiny it a*probléfffiole™an
dtillingi r{©9 66} 4n @ddition, iwhen ¢he 2ip anglecle of the smalkdiametert drit 1

Is laraer than ghe ppening. angle 13 formedJo the quid ; hole, 8s.£a0 PESGRD

inFIG. 10, the small-diameter drill 1 starts cutting from itS outer
cit€irnferential corner 26 and the cutting point 23 moves in the cutting-point
maving direction iHewevers psinee éhelehisel 22 deesHat cut atthe heginaing,
the .small-diameter drill, 1. is apt tq}w&bﬁc; and this m%&g_%ilt difficult to enpsure

tH C
a stabilized hole precision, resulting In a problem " in cutting: [0061] I the tip

ahglelabte SmalldiEmBrsrrilPE is diMte saffe angie AstRe bpehifgahgle
19-8s carnvbeseen in ktep L therertirecutting edge 3i0f the small-diasneter
drill 1 will_ participate in cutting simultaneo . Asa result, the cuttin

e R o0 hese shs
tHis rakes itiApPoBsiblecto lepsreca Hesfrégnt 11 the present invention.

[0056] Conventionally, when carrying out the micro deep hole
drilling method, it is usual to at first form a guide hole using
a drill. For example, when positioning is performed using a
drill disclosed in patent document 3 or patent document 5, since
such a drill does not have an outer peripheral cutting edge,
an operation of processing the inner surface of the hole fails
to be sufficient, making it difficult to ensure a roundness for
the guide hole. For this reason, when the small-diameter drill
lbitesthroughtheguidehole, thedrillingwillbeveryunstable,
rendering it impossible to drill a hole with a high precision.
Besides, some abnormal wearingwill occur at thetipofthecutting
edge of the small-diameter drill 1, and burrs will occur at the
entrance of the drilled hole, resulting in a breakage of the
small-diameter drill 1.

[0057] Even when drilling a guide hole with a drill such as
that disclosed in patent document 4, there had been some problems
peculiar todrilling, as explained below with reference to Figs.

8 to 11.



hole precision. [0062] On the other hand, FIGS. 12 (1) - 12 (4) show an
operating sequence of a step feed using the small-diameter drill 1 of the
present invention. As shown, after a cutting 28 shown in FIG 22 0 12(I) has
been performed, in other words, after a step depth has been out, the
small-diameter drill 1 is temporarily moved out of the entrance of the drilled
hole by a step back 30, as shown in FIG. 12(2). Then, in order to out a next
stePdépth, tlve Smeaii-diameiér-dill 1tkaebhniedntord positicniagap thehas a

delling-point py.g nexhstep fanward,31qas shewn-in 516132 3hrtherebyri11
continuing a predetermined cutti%%ZQ, as shown in FIG. 12(4%%[806:3% Here

"Steh febt means a prodess of repeatedly” PEFOHTING the Stebsshdln in' 6
FG S.HE2 {1y 1 124 A3 ndByepetforining isucimalstep feed) itisspassible¢oangle
exacHy remove, the,gutting, ;chips accumulated in the flulg 4,.even wheng g .

drilling a deep hole. "Step back 30" means a step of temporally moving the
sfiralfdignetst drif158it of thedifieer ndte fter ERtiRG H St aftfstirt. “Stép

f@rvmrdc&]ri_’qppaﬂs_iaa stepl of retueningrthe small-diameter@rilkd to anpositidh
near the drillinganoint After the step back:30 has heen.perfprmed. [0064] The
micro deep hole drilling method of the present _invention will be explained b
shB8WiY an ex&rfpie of dfiling S &RePhdR Adving’a depth WhitH i8 St ér 2
moredinmes thediameter wofdhewdritleckhale; adthi reference to FtGe 1 3wH1Gs,
1§nsh(%¥¥g an outer circgmﬁgrepﬂti%l .corneéiproesétjcon 33 of the Quter

- : ; i th
circumterential corner 26 of the small-diameter drill 1 of the presuesfﬁrl]r?ventlgn

afAdie & septsacki30 s being perfofrhetl Preférably kas sh6WnAERG LS,
theneutercitcumtereatiah gonnen position 330fthe-smatdiameater dsillir in
dHQTg a s(tse&gack 39 isinthed %Igﬁ direction oﬁﬁgglel d I:Di[ﬂed inus

S
h .
dlrectloﬁ)rmwar%zl‘ff/1 from the end face 32 of the éntrance of the  drilled dlgfjor

inl6fHeY words, 2he butencircupifélentialcensdre position33sisdnsdideéitheeter
dylled hale; Namelw the.gutehe opening angle 19 formed in the guide

hole, as canbe seen inFIG. 10, the small-diameter drill 1 starts
cutting from its outer circumferential corner 26 and the cutting
point 23 moves in the cutting-point moving direction. However,
since the chisel 22 does not cut at the beginning, the
small-diameterdrilllisapt towobbleandthismakesitdifficult
to ensure a stabilized hole precision, resulting in a problem
in cutting.

[0061] If the tip angle of the small-diameter drill 1 is at
the same angle as the opening angle 19, as can be seen in FIG.
11, the entire cutting edge 3 of the small-diameter drill 1 will
participate incutting simultaneously. Asaresult, thecutting
resistance rises too rapidly, causing the small-diameter drill
1 to vibrate and this makes it impossible to ensure a desired
hole precision.

[0062] On the other hand, FIGS. 12(1) — 12(4) show an operating
sequence of a step feed using the small-diameter drill 1 of the

present invention. As shown, after a cutting 28 shown in FIG
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circumferential corner position 33 is located within the drilled hole, at a
position away from the end face 32 of the entrance of the drilled hole to an
extent which is preferably at least 23 0 0.03 times and at most 1.0 times the
drill diameter 2. [0065] Usually, in a step feed, after forming a predetermined
depth of cut 28, the outer circumferential corner position 33 of the
small-diameter drill 1 is moved to a position from which it can exactly move
awaylfroethecend face Brofkthe emtrahbe rofitheddrilled hele fdefirred dspth

posiive-direction) cQrinQther wordsmove-to the outsidspfthe drilledboles
In this way, the cutting chgﬁs can be removed exactly.éOOGG However, when

drifing*An eXtrém el 8esp Hols Whode L/erdtf 6xCdeds B0, 2 22k 20 a3
satalvdiametarddrill 1 (8 usudllyeemployeddierwhick tiiedengtt 12cefthiepetk

seqlion B.i5,very laag.ln Jhis\way, pocetheouigrcircupiereptial,comer 26 of

the small-diameter drill 1 is moved back to a position capable of aIIowin%é

itSEIF 10 MSVB AWy o thé e fid FECE32'of the enftarte” ot the Gfifled ho
during<ostep ack 30; dhe smalk diameterddrilit: wily b shakerm fromisider® .
spf(qslej to the rotation of the tool. As a result, when the small-diameter drill
1is again returned into the drilled hole, there is a possibility that the drill
itd8If Will be Heviated PoRFits’&sifect [36sition aorBF@I?&fﬁ[O(%f?] EePamisedly
reasaiy nhisry efesable thatibeouter icrcunferentialocorner 26,afdh€orming
small}-ldgarggter gri a (s)tsegitgﬁck 30 be lo alted in th\gedgﬂingcgi{%ction

€ P e £O0 exac

Il i

of the hole, |ﬁwaerglé'g\l/£v%;9 fom the end face 32 of the entrance of the drilled
hefel k2 2 fesite thé Hiledheld 1Rthis wayei beesres [gdssine R peifotfra
stahilized deilling withoutcansing the rsmall-gdiametes sirill1h {0 besshaken frem
side i, side., 10098 Conventionally, i tool glameter isJarde or an LD ratg
is’not so Targe. a feeding speed of the tool is usually 0 20 mimin.
Howéeer awhentperfOfmity aanicrodiéep mslendrilling $or @filing anndxtee iy
degpholg having a diametel +o a position near the drilling point
after the step back 30 has been performed.

[0064] The micro deep hole drilling method of the present
invention will be explained by showing an example of drilling
a deep hole having a depth which is 50 or more times the diameter
of the drilled hole, with reference to FIG. 13. FIG. 13 shows
an outer circumferential corner position 33 of the outer
circumferential corner 26 of the small-diameter drill 1 of the
present invention at a time a step back 30 is being performed.
Preferably, as showninFIG. 13, theouter circumferential corner
position 33 of the small-diameter drill 1 during a step back
30 is in the drilling direction of a hole (defined as minus
direction) inwardly from the end face 32 of the entrance of the
drilledhole, or inother words, the outer circumferential corner
position 33 1is inside the drilled hole. Namely, the outer
circumferential corner position 33 is locatedwithinthedrilled
hole, at a position away from the end face 32 of the entrance

of the drilled hole to an extent which is preferably at least
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of | mmor less and a depth greater than 50 times the hole diameter, if a
feeding speed for moving the small-diameter drill 1 is too 24 0O fast during
non-drilling time interval, the tool is apt to vibrate because of a long under
neck length 17 of the small-diameter drill 1. On the other hand, if the feeding
speed for moving the small-diameter drill 1 is too slow, there will be
apossibility that the inner peripheral surface of a drilled hole will become
detérioratett becadse of apnséxténded timee duringiwhich thesotting éhips and

theyimner periphera) surface of thedrilled hole are, in.contact, Begsides, suchy
an extended time causes an inefficiency in hole drilling in view of an actual

practice. CHera ™ Adn-drilfing Himé iftervAr MeaRs A tmehtéial atiring " >
whichhansong &-seresokstelr fédd Lthe smakdiametercdrilt ibis termporatityh

maved hack 10 positien nearthe gpddaces3z; elthe entranceof thedrlled

hole, and then returned back to a position near the drilling point within a
dfifiedfofe. * {o0691 Theréf ofe Yegardingthe micrb ieep Hold aifinghiethicd
ofthelpresentdnvention, itus pieterable tratithelfeeding Speedl oftrhowingthe

s%l-@i&me}g& dril ilpguggg r\gg-ggmgg Reriad in 9ys:tep feed be at least 1

m/min and at most 4 m/min. [0070] Using the present invention under the
confitivhs dEstriBed alibve ithecones posSible f8"6htain arPadcestablerse
andrstahle pesitioningpresisitn by yirtue ok thermiaw method: of fgreaipg@/ed

auigle.hols, Fudher b petforyingia diling while, tepeating fbe Aoy steps,
it becomes possible to realize a hole 1Eiriﬁlng ﬁavmg a igﬁ straiéhtne s even
wHehSa 1D r&éfie s 15%r tHERE MoreoVet, Byrforiing aoguiae hobe RaviRge

apmacceptabie reundness, it is possible teferferna stablecdellinga pdthosto £

ca ﬁig‘gi% vi?rtatioln og éheo%m%l&gia reter%(gl 1n%{ fth ezsgrtjtgrﬂventi n thus
REAG3 LoSIEIe fo CXTGnd & Jabld e 167 15 srsl diarmetar aril 1. [oD71)
Acfeditire &f tHe presenrtsindentiod is tfernPa ¢uidé - hbleeusitryla tralleard avill
having outey peripherah suttingredge {shAs 8 fystitungtionef farming @.guige
hole, it becomes possible , , ,
of the tool. "As a result, when the small-diameter drill 1 is
again returned into the drilled hole, there is a possibility
that the drill itself will be deviated from its correct position
or broken.

[0067] For this reason, it is preferable that the outer
circumferential corner 26 of the small-diameter drill 1 during
a step back 30 be located in the drilling direction of the hole,
inwardly away from the end face 32 of the entrance of thedrilled
hole, i.e., inside the drilled hole. 1In this way, it becomes
possible to perform a stabilized drilling without causing the
small-diameter drill 1 to be shaken from side to side.
[0068] Conventionally, if a tool diameter is large or an L/D
ratio is not so large, a feeding speed of the tool is usually
10 to 20 m/min. However, when performing a micro deep hole
drilling for drilling an extremely deep hole having a diameter
of lmmor less and adepthgreater than 50 times the hole diameter,

if a feeding speed for moving the small-diameter drill 1 is too
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to smoothly cut a hole so as to form a smooth inner periphery 25 0 surface of
a guide hole by using a ball end mill having outer peripheral cutting edge(s),
thereby improving a guide hole precision and thus ensuring a guide hole with
fewer burrs and an acceptable roundness. [0072] There are several types of
end mills, such as square end mills and corner radius end mills having outer
peripheral cutting edge(s). However, these mills are unstable because they
gét intoleontacn withdyolé innertsurfatefeamagortibns-neart theirttouteribrate

pgripheral ends,at thetime;etbiting, thus sendering rit impossible 1 ensure -
an acceptable roundness. In contrast, if a ball end mill is used, since an area

near the thiséltomes Cihts tohtatt and tHelT tHe ool Hafietsr incréadey -9
graduatly | itisipossible do ehsdresastablecdrilling wathibififg: Besideshiit ity
begomes possible faensure-an %’Q_E%‘Q@Q’ gead foundngss for @iﬂ%%'&%@ﬁe
formed by the outer peripheral cutting edge(s). [0073] A ball end mill does

(s) 3] | :
nBEh8edY ehipTpocketivhiths Gthertise hedaey for treatire thechtting "9
chipsds ambromal drithe Begideshsineeé itiscpoessible toperdorin aedriling<rear

aggeptable Jigidity, itis allowed tg remarkably improye,a gyide Nolgses an

precision. Usually, since a ball end mill utilizes only a ball cutting edge when
in-0Sihg: theéreTs nd needtoave & g Iliteferigth hicAtiE DthBRgise c© -
neeessary tmadarmial dyilt,i therely allawingdbhe outen periphesakeutiing ing

egedp be.sgr andhe.outet periphesal fute o be shallows Moregyer, ;1)
since_tHe ball cltting edge is ground with a high precision in order to

perfornt aMhreeeihefaforral Safifigt the RaPénd thilPGHFE ndtbesRakerctids
makingdt pessible to dmprevestheipregisione pf dhe ronadnesswofa guide hale.
[007:4] 4 second function ofusing.a bal snd mil in forming ¢ gpide hole.in
the resen]t invention can be exp alr'?eCFW]IT ref%erence 0 fé 2 an FG.
150G ] 14TasdRIGrES argdiaivings hshohing dveason asito whingigethod

pessible te greatlyisuppressna vibration dhat-eeowrs Hpen adbitingiagtionelq
the small-diameter , , , . .
of moving the small-diameter drill 1 during non-drilling period
in a step feed be at least 1 m/min and at most 4 m/min.
[0070] Using the present invention under the conditions
described above, it becomes possible to obtain an acceptable
and stable positioning precision by virtue of the new method
of forming a guide hole. Further, byperformingadrillingwhile
repeating the above steps, it becomes possible to realize a hole
drilling having a high straightness even when an L/D ratio is
15 or more. Moreover, by forming a guide hole having an
acceptable roundness, it ispossibletoperforma stabledrilling
without causing a vibration of the small-diameter drill 1 of
the present invention, thusmaking it possible to extend a usable
life for the small-diameter drill 1.
[0071] A feature of the present invention is to form a guide
holeusingaball endmill havingouter peripheral cuttingedge(s).
As a first function of forming a guide hole, it becomes possible

to smoothly cut a hole so as to form a smooth inner periphery
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26 0 drill 1 of the present invention in micro deep hole drilling. [0075] As can
be seen in the examples of the present invention shown in FIG. 14 and FIG.
15, a ball end mill, which conventionally moves and cuts in a direction
perpendicular to the rotation axis of the end mill, is moved only in the
direction of the rotation axis of the end mill. Namely, the method of forming a
guide hole using the tip of the ball end mill of the present invention can
provide zegaider hole A dselbottonisirface isda arerapprokimagelyng outer

hgpvspherical shape; iy adnickq deephiledijllinguising asmalldianeter) o
drill 1, the outer peripheral corner 26 bites into the corner 27 of the guide
Bl and thE &lltting'PBint 24 mdveLirfthe uftitig=p8irt mbViRg direeticn "<
regaratessoobthectip angten 26 ©f the small-diameter drill 1. At the same time,
theyghisel 220t the smalldiameter drilLl Bites inta,the work piece 20.and the

cutting point 25 moves in the cutting-point moving direction. Namely, the

SATAi-Biahi&ter drficf Bemg ted inThitrd deeh Fole bRl rhBfi aPbsth™ *
cutiingipointsigd @nd 25,Hherelyrrendering it possikledowensure la stabiized

migrq deep hole drlling 00,6}, The, stability, of the small-digmeter dall L pised

in_micro deep hole drilling varies greatly depending on how a vibration of the

tdd19e SUpPresssd dahRg A tine pefdd from™thelstart bf biting Hictish Gt thed
simall-eiametersidrit d antil thedotonesudface afdthequide holerhasbeesnst,
complelgly diled, The ueffosof founinga quide hole using afall and il
of the present invention exhibits a remarkable effect at this stage. In
coRfrast aén driflity Alguldefole ising sresheenticiia eafift soeeaual ly,
vibratiopdaecomes:lagesin-drilingatbedottom isufacerof acguige heles adinal
precision will decrease remarkably and the small-diameter. drill 1 is apt tQ
s ot B ksl e P
heles: tHat Wete férmedbypthe ball @ndemilPof the presertutvémior Zr 0s) -

[0073] A ball end mill does not need a chip pocket which is
otherwiseneeded for treatingthecuttingchipsinanormaldrill.
Besides, since it is possible to perform a drilling in an
acceptable rigidity, it is allowed to remarkably improve a guide
hole precision. Usually, since a ball end mill utilizes only
a ball cutting edge when in using, there is no need to have a
long flute length which is otherwise necessary inanormal drill,
thereby allowing the outer peripheral cutting edge to be short
and the outer peripheral flute to be shallow. Moreover, since
the ball cutting edge is ground with a high precision in order
to perform a three-dimensional cutting, the ball end mill will
not be shaken, thus making it possible to improve the precision
of the roundness of a guide hole.

[0074] A second function of using a ball end mill in forming
a guide hole in the present invention can be explained with
reference toFIG. 14 andFIG. 15. FIG. 14andFIG. 15aredrawings
showing a reason as to why it is possible to greatly suppress

avibrationthat occursuponabitingactionof the small-diameter
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and by a conventional drill having a short overall length, respectively. As the
testing condition, a wet cutting was performed to form guide holes up to a
depth of 0.48 mm on one surface of an SUS304 block which servers as a
work piece, under the following conditions. Namely, number of revolution is
20,000 min if feeding speed is 100 mm/min, and a step amount each time is
0.16 mm. [0078] As shown in FIG. 16, a guide hole formed by using the ball
efAdinill hasfart estrensslgHighprecision, providingcadeaecéptablerilling.
rqundness.ln cantiastsudien drillinga.gride-hole: wsingealy.a narmaldrill,

burrs will occur in the guide hole, producing an unacceptable roundness and
tHUE 1N t6 provide A desi r%%’p?ebc?&i%r?f%ﬁ%lré%dréﬁ% uriErSthod that Y
wherethe nshrall-diameteridrlt L ibeingused il oVt deepliolecddlfing nisixis
gyided by.the inner peuphseralsyraceof the-ayide bole formed, By a+ ation

conventional drill, a wobbling vibration occurs, inducing an abnormal wear of

the SthatfEdiarete? UriitL, ente Pesiiting ™ h BToW Straighfriese oY the Gtitféd
hotel {0059} P referably, e ball_et_ebeﬂmiléisipm\liﬁecf_ witke npieteenmanyeuttﬁ_ngu
edggs, 50,35 IR ensurg, apability of removing cutting chipsand thus fopming
a guide hole with a high precision. For example, only two cutting edges are

pPeded 1H a5l et thilf P EeiFthes Lit S oreferabléthat acisel vitatPof & hall

eadimilli be insa rgngesafz0.01ldnamert éassirbhis is because suehpa ehisebral
width makes it possible to decrease a cutting resistance when_ the chisel
R e e b ol e Bl e iFLeg
tHU-EASAriRG thé féMARYA Dfd gbitle Holé With Bhigh pretisich Joosefion
Hesga0ne ©f themecessary congditions requined bydhe jaresest iventionis, .

that the diameter of a guide hole is.set, at least 0.90 times.and at most.1.05
eee e SR aAer o e S A ma oL T aeay o 101
pbssible Lotsuppresaleutiing vesistanéetdrs the smaltdiareter drill2ge 1in

beingusad inyamicre deep hwle dilingon. Namely, thesmall-diameter
drill 1 being used in micro deep hole drilling is held at both
cuttingpoints 24 and 25, thereby rendering it possible to ensure
a stabilized micro deep hole drilling.

[0076] The stability of the small-diameter drill 1 used in
micro deep hole drilling varies greatly depending on how a
vibration of the tool is suppressed during a time period from
the start of biting action of the small-diameter drill 1 until
the bottom surface of the guide hole has been completelydrilled.
The method of forming a guide hole using a ball end mill of the
present invention exhibits a remarkable effect at this stage.
In contrast, when drilling a guide hole using a conventional
drill, once a vibration becomes large in drilling the bottom
surface of a guide hole, a final precision will decrease
remarkably and the small-diameter drill 1 is apt to receive a
damage.

[0077] FIG. 16 shows the states of actually formed guide holes

that were formed by the ball end mill of the present invention
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[0081] If the diameter of a guide hole is smaller than 0.90 times the drill
diameter 2 of the small-diameter drill 1, a cutting resistance on the
small-diameter drill 1 being used in a micro deep hole drilling will be too
large, causing the small-diameter drill 1 to bend, thus rendering it impossible
to drill a micro deep hole with a high straightness. On the other hand, if the
diameter of the guide hole is larger than 1.05 times the drill diameter 2 of the
saall-dianretecdiit 1t atoe largeldap ly ioccur bebween e guide heledinher

wadland the,small-diametge drillsk bgingused in the micrp deephele drilling,
renderingﬁthe small-diameter drill 1 unstable and thus unfavorabl aﬁectin%
g

e Etraightness of A driffidd Yep HSId. 19085] th 17& preSentinventiBrothe”
deptifefa guide: e ¥ Sétlatdeast 006 timesangl at most 2ktiprescthe dritler

diameter 12 of the smalldiameter drilf 1. dn $his way,dtisppossible 1 1o prayide;
aggrnlde hole with an inner peripheral surface ensured by a constant hole
d

8&t ifithe debpHbIE UiIrdEoH fOF gliting ™! ButeT eribHEraPsGriacs bf
theasimalliciametep drifl Imin. the guide hole, thereby rendering it possible to

supprass a yolhling,of fhe small-gdiametar dull1, being red iByaH;iEE% degp
hole drilling and to perform a micro deep hole drilling with an acceptable
shaightRéss "With theSdépthdescribetrabove, whenfotfiing Brglide Hole 3"
wathca balend matlpautting .chips il not get claggedrinitherftute of the balh e

end .mill,(;h reby ensur]j‘ngralnl xc%IIent rou.r;Ldlness and.apcr cise Egéit@ﬁ%g

félrséng?ui e oﬁe%](:)rél% Here, | 'theuc]fgpf’thwé aéjlficcig]iﬁré is lesS than 0.6

tiRtex fie WilR BidRterD ot the smalidiamert Ul 1S theldepth tof feeyhiie
helaavill beitee sbaleowrand is.aot eapable ©fi sufficiently guiding: th@hen the

small-tiig&neter drill 1 be&r}g Esgd.in micro, deep hg!godggin rg:iﬂéin thf"ling
e

ST AR SR adernE Tt T USSEIa to bheL Ce i Shri it Fb

pieciBidnc29°9 Orrthe therdrdmdaf the depth of afgbitedholddd greaterthad
2dimes the,drill diameter-2 of the smalkdiagneterdill Lnthe curs, inducing
an abnormal wear of the small-diameter drill 1, hence resulting
in a low straightness for the drilled hole.

[0079] Preferably, a ball end mill is provided with not too
many cutting edges, soas toensureanability of removing cutting
chips and thus forming a guide hole with a high precision. For
example, only two cutting edges are provided in a ball endmill.
Further, it is preferable that a chisel width of a ball end mill
be in a range of 0.01 mm or less. This is because such a chisel
width makes it possible to decrease a cutting resistance when
the chisel bites into the work piece, thereby avoiding a wobbling
of the ball end mill and thus ensuring the formation of a guide
hole with a high precision.

[0080] Here, one of the necessary conditions required by the
present invention is that the diameter of a guide hole is set
at least 0.90 times and at most 1.05 times the drill diameter
2 of the small-diameter drill 1. In this way, it is possible

to suppress a cutting resistance on the small-diameter drill
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cutting chips will be clogged in the ball end mill at the time of forming the
guide hole, thus causing a vibration and it becomes impossible to form a
guide hole with a sufficient precision. [0084] Next, description will be given to
explain some features in the shape of the small-diameter drill 1 that can
perform a drilling while repeating the steps prescribed by the present
invention. As shown in FIG. 17, in one example of a small-diameter drill 1
useddn thie wyiero deep hole olvillilrgraettode ofthé prasent invention, the flute

lengi 111 is atleast Htimes: and at megt L times-thesdeill diameter, 2,0fthe
small-diameter. drill. 1, and the length 12 of the neck section 6.is 10 or maore

timasthe trill diametet™ bf the Shalf dilfeter dAlf 1t o851 By trtifitd & "9
hoteswhilerepeating theaboVedsteps usinglrthelsmalk dragmeterddiill B, thiecro

cytting chips areallowedto; atdirst stay, inside the flute 4 and then maye out
durlnﬂ a step back 30, thereby inhibiting the chips from getting bitten into

the dfited A& hts dristiting AR Hcteptable ShafhitReSs T6r SadrifednBie> iR
fattethiseffestican he bitained:byicombining the abevefeature with the toel

stapility haseg-an the pew.oyide. hole,drlling mgthod, which i5.a feature of

the drilling method of the present invention. [0086] Moreover, as shown in

FIG218t firandthel RmBBdittent: BF 8¢ small-diarhetér ol 1 sed Pethe' 111
miera:deeptheledrilingymethoc ok the presenl inventiohcadapeledii ameter
e ga%eg- iameter _partion 10 facing the shank secti ny IS Iprovided .
e e B B T SR e

|t 5 Hifded afdaatThest 14 times thevdrilF diahteterd of tHé siafladiantetéy
dult de @ndnthedengtit 12 iof the nackssection- H1heingdkQ pr Arare times the
drill diameter 2 of the small-diameter .drill 1. [0087] Perfarming a deep hole
phiiceheehan bt b S v T B o L
destribedasoiie e pidvideane following etfdctsicRamelydisinck d tapeier

expandeg-digmeter postien 40 isprovided betweensthesflute lengihpossible
to provide a guide hole with an inner peripheral surface ensured
by a constant hole diameter in the deep holedirection for guiding
the outer peripheral surface of the small-diameter drill 1 in
the guide hole, thereby rendering it possible to suppress a
wobbling of the small-diameter drill 1 being used in a micro
deep hole drilling and to perform a micro deep hole drilling
with an acceptable straightness. Withthedepthdescribedabove,
when forming a guide hole with a ball end mill, cutting chips
will not get clogged in the flute of the ball end mill, thereby
ensuring an excellent roundness and a precise positioning for
a guide hole.
[0083] Here, if the depth of a guide hole is less than 0.6 times
the drill diameter 2 of the small-diameter drill 1, the depth
of the guide hole will be too shallow and is not capable of
sufficiently guiding the small-diameter drill 1 being used in
micro deep hole drilling, making the drilling unstable and

rendering it impossible to ensure a sufficient hole precision.
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11 and the neck section 6, the cutting chips flying out from the end 9 of the
flute 4 are pushed back into the flute 4, so that those chips can be surely
accumulated inside the flute 4. In this way, those cutting chips can be surely
removed during a step back 30 without getting bitten into the neck section 6,
thereby making it possible to obtain a drilled hole having an acceptable
straightness. [0088] In fact, the tapered expanded-diameter portion 10 is not
aBsotitely heeessangfori the deillip riethod: of the present linvertioper than

Howeygl the-existence of the dapered expanded-diametaryoriom 10,hasthe

effect of preventing the cuttin ChIFS from ettln%bltten into_the neck section

tHereBy ehstiing'a tufther Sta5iized micto daep Kol dHitig™ [0b88] Up'til
noﬁvfamm teephoktedrifling processwithna dnillingadiameterdeingel amas

OEJ&%SQ% adrilling depth being. morethan$0 dimes e dolling diameter |

been almost impossible itself, letting alone a drilling precision. This is
béBQﬁéé whBR Usirfly § Siak HRdhteer QrRIPFY&RNY §ﬁ%i?éﬁ§ﬁ?rﬁ“ﬁé§?g?ﬁ%es
(startimg from theateckzensthavhick isbOtarmmare times tthecdrildiarefer?, a

dgll rigidiry, wil, teroarkahly decrease, and.a drilling stabilitywill greatlye s o«

depend on the precision of the guide holé. In contrast, the present invention
MAKEL it 58ssible®t fotiP¥uitle hBRE by Using dBall%éifd hfaFRiRg ofite?
pefipheral icutting edge (s)lanskieeding dhe end mrilontyl dvthel ditection:ofod

thefr%atlon am%gf the encd gnll Eher )%eneurlgg}eq xtgegq:ely gogd5 g
roundness in a gui ded area c?rllle by the outerperipheral cutting edge S).

[GODPIn Baditibh, [Sifes the préseht ifvemisitmakes @%waﬂeltodéﬁ&ﬁé%
battom sujfaceiot aguidealeinte an: mppreximataly hemisphericalor more

cgnﬂ% attlk?n dtbﬁ]ciorgesIQogsmI%BlO great%/%{] bltth |br tloq {he

small-diameter drill 1 regar fess ofoa tip angle he ¢ sma lameter drill
1[Beitgl uskd i thieliicre dees méle dritlimge @ﬁe@er@mm@@vetebﬁeed%em

degp hele drillingras explained in FlGnd4-utting chips are allowed to
at first stay inside the flute 4 and then move out during a step
back 30, thereby inhibiting the chips from getting bitten into
the drilled hole, thus ensuring an acceptable straightness for
adrilledhole. Infact, thiseffect canbeobtainedbycombining
the above feature with the tool stability based on the new guide
hole drilling method, which is a feature of the drilling method
of the present invention.

[0086] Moreover, as shown in FIG. 18, in another embodiment
of the small-diameterdrill 1 used inthemicrodeepholedrilling
method of the present invention, a tapered expanded-diameter
portion 10 facing the shank section 7 is provided between the
flute 4 and the neck section 6, with the flute length 11 being
at least 5 times and at most 10 times the drill diameter 2 of
the small-diameter drill 1, and the length 12 of the neck section
6 beingl0ormoretimesthedrill diameter 2 of the small-diameter
drill 1.

[0087] Performing a deep hole drilling while repeating the
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and FIG. 15. Further, since the present invention, in addition to the effects
provided by the aforementioned guide hole, uses a small-diameter drill 1 to
repeat the above steps while drilling a hole, it is possible to inhibit the cutting
chips from getting bitten inside the hole during a drilling process, thereby
further improving a straightness for a drilled hole. [0091] According to the
present invention, in order to minimize a side-to-side vibration of the tool, it is
preéferabletihas thie ioutet peripireral-comes position: 33 df thessmalidiapietae

dell n1 gusing R step.back 30,06 located in the hele drillingsdirection inwardly
beyond the end face 32 of the entrance of the drilled hole. In fact, such a

p%%ﬁ%%d:?@l S APA onk R eRA tace B SHthe entralice or thé diilisd Aot t
ahlextedt wikch s-lat deasti@Q3timescand at mastcdh0gpnés Yhe drifldiameter

2,0 the smalldiameter drill1./0092] When drilling a micra.deep hole having
an L/D ratio of 50 or more, a small-diameter drill 1 is used which has a neck

sééﬁ&%‘ﬂéﬁi@é%@%r@%ﬂiﬁﬁJiié.aﬁﬁﬁﬁlﬁjaa&%% BbACK 30, “Bfick thEiter
periphtietal eemner2m ot the smallsdigmeterdadnill Bk is meved backte@ position

cgpaple, of allowd 6_9#55&1‘%'&9%89% ye.way;frem the.epdjace32 pfthe

entrance of the drilled hole, the small-diameter drill 1 will vibrate from side to
st oitfevtd e FstatibnPoTthe ol . “Rs Aestl, e thé Sshiaticdiinete? diil
lds cetraed backdatoythendeled hole, the drill is likely to have a position

deyiation. [0093] For thjs reason, itis preferable that the outer_pertipheral .
istickioni Rtk L B U el o S Ale RE

|otltetfinthe1folE anlfifg Tietter nveardly beyahdthéendfate3 et tive t

entraageafthe drilledh32:hole. netherwords:itis preferabie that the euter
peripheral carner position 33.be not returned to a positiop capable of exactl

O RSl 15 T o ra T The Tt 3 S he i g St 1Y
deiled hotecha Binis vy ittis possible rrealize e mor stabid drilfing with il

the, retating smal-diametes il 11 zed micro deep hole drilling.
[0089] Up till now, a micro deep hole drilling process with
adrillingdiameter being 1l mmor less and a drilling depth being
more than 50 times the drilling diameter had been almost
impossible itself, letting alone a drilling precision. This
isbecausewhenusingasmall-diameterdrill 1 havinganextension
length 17 (starting from the neck-end) which is 50 or more times
thedrill diameter 2, adrill rigidity will remarkably decrease,
and a drilling stability will greatly depend on the precision
of the guide hole. 1In contrast, the present invention makes
it possible to form a guide hole by using a ball end mill having
outer peripheral cutting edge(s) and feeding the end mill only
in the direction of the rotation axis of the end mill, thereby
ensuring an extremely good roundness in a guided area drilled
by the outer peripheral cutting edge(s).

[0090] In addition, since the present invention makes it
possible to shape the bottom surface of a guide hole into an

approximately hemispherical configuration, it becomes possible
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1 wobbling from side to side. [0094] Here, if the outer peripheral corner
position 33 is located at a distance apart from the end face 32 of the
entrance of the drilled hole and such a distance is shorter than 0.03 times
the drill diameter 2 of the small-diameter drill 1, it will be impossible to
sufficiently inhibit the side-to-side vibration of the drill. On the other hand, if
the above distance is larger than 1.0 times the drill diameter 2, there will be
ahotiwregrobiemnthal the thitting ehipsiaccwhutdtedsnsitethieaflate 4 wiflinot
be easilyremeved JFo thisyeasone itis preferable to adgpttie-er arill 1
above-described range forfositioning the outer eril[?heral corner position 33

of the' émficdiarteter ariii-£ By Vit of tiis_ it ts posSiblé to'Stabiize tHe 2
behawiol of ¢hiersmalp-dismetércdl| drduringra step vagkl30navoichal IG. 14

sideste-side;vibration and thus improve a straightness. [0095] Acearding 1o,
the micro deep hole drilling method of the present invention, it is preferable

tht tHespedt ot feetiitg the Sthdilgiarhater il 1 dtfrihg hordhfiihg g its
leastnd 1m/mirnaadeat ardsti4iIm/mircEanventianaly; whemsastonl dianieter nig

large,oran L/DJatia is; pot.sparge, the speed of fagding, 1be @f&&?g%%@{?'i‘ﬂ%

10 m/min to 20 m/min. [0096] However, during a micro deep hole drilling

deEé’%“féP %?ﬂﬁn%ﬁ@%ﬁéiﬂé%e%ﬁ%é 1"%‘31/%0& Pofe HARTERY ST A
or lessoand @ holetdepthigreater than 50 timesithe hole«diameter, if the

S f feeding the small-diameter drill 1 during a_non-drilling is less than 1
o S B L e B e e 0
céntactthednfef pEriphéfal Surface st thecdrilléd el beésrrsBrigiat the

Asaresulic33fhthesinner-periphesakswiace etthadelied hole wilkbeeome 11
unacceptable and thus.a drilling efficiency is. low .in view aof. an actual ,

e e A g B o e I AL e o
shitatRdidhveter dridl diring @ Aensdrifingfistgredter tvarr 20 infih, Stichlgd

sheed is toofast. Asadgsultasinee theslengthi s apart from the end face
32 of the entrance of the drilled hole to an extent which is
at least 0.03 times and at most 1.0 times the drill diameter
2 of the small-diameter drill 1.

[0092] When drilling a micro deep hole having an L/D ratio
of 50 or more, a small-diameter drill 1 is used which has a neck
section 6 having a very long length 12. During a step back 30,
once the outer peripheral corner 26 of the small-diameter drill
1 ismovedback toapositioncapableofallowingitself toexactly
move away from the end face 32 of the entrance of the drilled
hole, the small-diameter drill 1 will vibrate from side to side
due to the rotation of the tool. As a result, when the
small-diameter drill 1 is returned back into the drilled hole,
the drill is likely to have a position deviation.

[0093] For this reason, it 1s preferable that the outer
peripheral corner position 33 of the small-diameter drill 1
during a step back 30 be located in the hole drilling direction
inwardly beyond the end face 32 of the entrance of the drilled
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12 of the neck section 6 of the small-diameter drill 1 is long, the tool is apt to
vibrate, thus causing a possibility of damaging the inner peripheral surface of
the drilled hole. [0098] Next, with reference to FIG. 25 andFIG. 26,
description will be given to a through hole drilling method, which is one of
micro deep hole drilling methods of the present invention. Conventionally,
when drilling a micro through hole using a drill, it was difficult to maintain a
drittihg -precisioheParticdlarly,t wheresd predisiohlofthbleeinnee surfacdeoiasa 1

required, jowas specessaryde performea reaming processsaften drilling, dhus
rendering it impossible to ensure a highly efficient driIIing.2 In_addition, when a
it

hole-57B8 Uriled 15 a AP Fotd W wasS ImposEisle o arilrs fole With s arifi
[G0O9]EFhemvertdrs of ¢the présent irverstion havésalso feuid etheofallowinge
advantages, Namely; as,shown p. flend 15 the madmum diameterof @11

tapered expanded-diameter portion 10 is made to be approximately the

sant&REHE ArifidiEnEter2 \ih&h%@rilling a through hole, the
expanded-diammeter portior Inhas pet-dply<r guiding effectdsuittalsa 33 is

raayper glfeqt thatimproves, the precigionof a.dpilled bole. [Q100L10, ¢ o pce

particular, the inventors found that if the maximum-diameter portion 18 of the
expaht&ddiameter portfort "to Aasa eylindiical Shape Aavingean than 003
appredmatelydthel sameadiaraeter as the dridrdiametes?and-havingia certain

path in.he Jsngth direction of the senall-diameter gl 1wl be possible,
to further |mpr%ve a through hole precision and allow the cyllnérlcal

& Hatieteepbition to A8t B8RATRDIEVEN3416 §hrleéforthe diilence
seetion Soduring andrillinggareeess nAsdtoi the shape ©f the expasdedszdiameter

R P e e 0
shéwhein FIGS. 2065 222 (020} i thiepresent inventiohla miere deepifiolés
dpllinge methed for-drilingwa aicre deepdbroug hole vth an-agerptablg ing
the outer peripheral corner position 33 of the small-diameter
drill 1. By virtue of this, it is possible to stabilize the
behavior of the small-diameter drill 1 during a step back 30,
avoid a side-to-side vibration and thus improve a straightness.
[0095] According to the micro deep hole drilling method of
the present invention, it is preferable that the speed of feeding
the small-diameter drill 1 during non-drilling be at least 1
m/min and at most 4 m/min. Conventionally, when a tool diameter
is large or an L/D ratio is not so large, the speed of feeding
the tool is typically 10 m/min to 20 m/min.

[0096] However, during a micro deep hole drilling process for
drilling an extremely deep hole having a hole diameter of 1 mm
or less and a hole depth greater than 50 times the hole diameter,
if the speed of feeding the small-diameter drill 1 during a
non-drilling is less than 1 m/min, such a speed is too slow so
that a time period for the cutting chips to contact the inner

peripheral surfaceof thedrilledholebecomes long. Asaresult,
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precision employs a small-diameter drill 1 having a special shape shown in
FIG. 1, FIG. 23 andFIG. 24. Namely, the small-diameter drill 1 has an
expanded-diameter portion 10 located between the drill section 5 and the
neck section 6, containing a maximum-diameter portion 18 enlarged toward
the shank section 7 to a diameter which is at least approximately equal to
the drill diameter 2. [0102] The micro deep hole drilling method of the
présentnirventiontisicharacterizetcly die fokowings! dhmehs thé Liethedme
employs grsmal-diameter drill 3in which the flute length; dLis,atileast &y o
times and at most 10 times the drill diameter 2, and the length 12 of the neck
s8lii6 618136 foretimes the drill diameter 2. The drilling is performed
whileépeatingn thensteptfeed uhtinal ledst théenaxmmam-diaméterdiortionr 18
ofthe expanded-diameten pertign- 10 4hat has approximately the SAME +ap
diameter as the drill diameter 2 of the small-diameter drill 1, or the cylindrical
pORBAthAL FAEBibraXiffatelythe Saffe didmdter ds'the &l thamétéradth
complételysgoesithseugh thne6 dritlechholen 0103} Anproeessrip to thiesmiddle,

stageqf she drilling. 8‘%@%& t‘;é ,t%%BEeégﬁ‘E iNveouon, a5,5hqwp BERIG &ping

contains steps (a) -* (b) -* (c) which are carried out in such an order to cut in
atdifectiorfihdreted By ddwiAacigtardws!if thé trafihg Py continuously
cutiimgea predetermined step-deptbheddo Witen2 drillingradholswhites repeatingn
the step feed, the maximum-diameter poytion,18 of the expanded-diameter
portion 35 0 10, or the- maximarh.dimeter porion LB corned with a *
cyndricalpoitin havingthelsame drmeer asfthd exjatded-diametér on -
podion: 140 serubstheirnedsurfacesof ai drilbedhholeyand sueh anscaubbing ,
effect functions to improve. the roughness .and precision of the inner syrface
of IVA™AHITGA. RGIB. Tn S way e aUGRAGSS Of the TARGY Surfdte doRe ot
betenre pobr even though theteol M be Wdms anduso TRevencareast ocear

which issatherwise caused duetothe Weakocess after drilling, thus

rendering it impossible to ensure a highly efficient drilling.

In addition, when a hole to be drilled is a deep hole, it was
impossible to drill the hole with a drill.

[0099] The inventors of the present invention have also found
the following advantages. Namely, as shown in FIG. 1, if the
maximum diameter of a tapered expanded-diameter portion 10 is
made to be approximately the same as the drill diameter 2, when
drilling a through hole, the expanded-diameter portion 10 has
not only a guiding effect, but also a reamer effect that improves
the precision of a drilled hole.

[0100] In particular, the inventors found that 1if the
maximum-diameter portion 18 of the expanded-diameter portion
10 has a cylindrical shape having an approximately the same
diameter as the drill diameter 2 and having a certain length
in the length direction of the small-diameter drill 1, it will
be possible to further improve a through hole precision andallow

the cylindrical maximum-diameter portion to act as an improved
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[0104] Moreover, aprecisionofaholeinnersurfacewillbecome extremely good
by virtue of the scrubbing effect provided by the maximum-diameter portion
18, thus making it possible to realize a highly efficient finishing process using
only the small-diameter drill 1. Furthermore, since the small-diameter drill 1
of the present invention has the maximum-diameter portion 18 having an
approximately the same diameter as the drill diameter 2, the

neaxinhel i diametedportiors $8 talse functions ds a guide! forastepfeedsandAs

thus suppresses assidedassidevibrationof the small-diameter drill Linthe o
drilled hole, thereby ensuring an improved straightness for a drilled hole. In

abdfti8ie by Brovitiily A haxihtnt-diaretel porton ESthd Qutfing chipd “<*
generatethduring<a dritimgrare keptfrorh biting nto dte sreek sectionss @ndse

the like, therely:makjng itpassible to improve a straightness for a drilled
hoIe.éOlOS] A state of the final stage in drilling a,throu%Q hole using the

dfiflihgrhethbd &PthepresEnt intdmtidn R shawhin F165 98 (1) . Safd A grio?
anteshowirig the-final stage in drilling < throughyhole lis shiownain FGe 26a(b) e

‘3{%@%@i%%%?@ﬁ%ﬁ‘%‘yQ‘a‘?g?%dl?f—gﬁ”iliﬂgtae%%% hale,a penetration leogth,

of the small-diameter drill 1 is defined as a length the drill tip_protrudes
frof? thewdrk piete Fafd issaffitieht as fong &TtheY diil fipBrtehds & Tittle™*
morelthanthe hole depthjcas-shawat bxrFHGr 264h) 1[0 106kncanying:eut the

dg’lling methog of theaoresent %1@10 inven]'gion th% small-gliameter drill 1is
Jdri ¥l ectIrorn and eC gection , Ccontailnin a
mtentlonaﬁy caused to penetrateefurt?\er deeper than the’hole cri;ept unti the

nEXiFlF-cic Rt IeBoRTOT 18 b theeerpanded i didmetet poribANIOSHOVidE
behind the deill sestionrs samipletely comes apbob the £xit138 of the dridedne
hg!:ei.thamel e{;\ésesrh wn in FIG. 26 (a) , when using the method of the

.d1 - . . . . .
present invention, a drilling is performed until a maximum-diameter portion

180 &N expahdedcdiantsterpbrioh BT havintpa tapdred portibhavhgsesent
diameter has heen-gnlasged toward the shankssaction A4Q thenamely, the

method employs a small-diameter drill 1 inwhich the flute length
11 is at least 5 times and at most 10 times the drill diameter
2, and the length 12 of the neck section 6 is 10 or more times
thedrill diameter 2. Thedrillingisperformedwhile repeating
the step feed until at least the maximum-diameter portion 18
of the expanded-diameter portion 10 that has approximately the
same diameter as thedrill diameter 2 of the small-diameter drill
1, or the cylindrical portion that has approximately the same
diameter as the drill diameter 2, completely goes through the
drilled hole.

[0103] A process up to the middle stage of the drilling method
of the present invention, as shown in FIG. 25, contains steps
(a) - (b) - (c¢) which are carried out in such an order to cut
in a direction indicated by down-facing arrows in the drawing
by continuously cutting a predetermined step depth 41. When
drilling a hole while repeating the step feed, the

maximum-diameter portion 18 of the expanded-diameter portion
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same diameter as the drill diameter 2, comes out of the drilled hole. Thus, a
drilling process according to the present invention means a process lasting
up to this stage. [0107] Therefore, as shown in FIG. 26 (a), the penetration
length 39 of the small-diameter drill 1 of the present invention is considerably
greater than that in the conventional drilling method. By virtue of a synergetic
effect produced by a feature in the shape of the small-diameter drill 1 and a
fddturedm thehdrillieg hvathod iofthe preset inventidrs, tireedhlingdmethod of

the, presentdavention-¢an provide anyexaellent bale-inngr swfage precision
over the_entire inner surface from the hole entrance 37 to the hole exit 38 of

& HTBUGH Ho18"ahd Ts RapanfE” of enstifingdh eXCelldit raightness f8f e
ddlted helehaegardlesssof-a throaghidivle wrddrea severe tonditicn whereothe

drilled holediameter is - mm or degssand thedepth. 1519 or mpore imes fhe g

drilled hole diameter. Such an effect is shown in FIG. 26 (a) as an inner
stiftaGe 43 dbtaiied By virttie bPHEHRARIMhmiahieter FortibRfs titfe Ot
ekpandedsdiametenpadrtoyh10h.$0108] Inathepresent inventionneken driling

isperormead Ry repeaiing stepfeed, g maximuymzgdiameter portion 18 of the

expanded-diameter portion 10, serving as means for improving the precision
of A Afdugh'fis1e °8Etibs e et Sufade 6f @ 'dHlfed Hulé 2irFraét. SGer e
sestthbing effegt tmprgves the: 3743 roughsess andribeqiresision of thel dmnery,

syrfacg.af the driled. ole, tharby fendering,t possible o eptain alighly .
precise inner surface over the entire innér surface of the drilled hole from
thEentrafce t1Re Bxitstithe dilledholeS ke theTnt&as sufacedRIRY the
aggition, since-the-naximum:diametespastien 48nefthenexpandeddiameter
partion 10 scrubs the hole inner surfa&e,st%]% roughness of the hole inner.

g

ventlio a mgximum ameter portion
surface does not%ecome poor even tnou ﬁ‘le oofnmaydbe worn a%d

uhveriessdoesnist: breliewhiehd s etifedwiseccaused direddian ifflaeate of
the weaar. (91081 Moregyer by wistue: ofa serubkingreffect:pyedugedbyuide
for step feed and thus suppresses a side-to-side vibration of
the small-diameter drill 1 inthedrilled hole, thereby ensuring
an improved straightness for a drilled hole. 1In addition, by
providing a maximum-diameter portion 18, the cutting chips
generated during a drilling are kept from biting into the neck
section 6 and the like, thereby making it possible to improve
a straightness for a drilled hole.
[0105] A state of the final stage in drilling a through hole
using the drilling method of the present invention is shown in
FIG. 26 (a), and a prior art showing the final stage in drilling
a through hole is shown in FIG. 26 (b). With a conventional
method of drilling a through hole, a penetration length 39 of
the small-diameter drill 1 is defined as a length the drill tip
protrudes from the work piece, and is sufficient as long as the
drill tip extends a little more than the hole depth, as shown
in FIG. 26(b).
[0106] In carrying out the drilling method of the present
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the maximum-diameter portion 18 of the expanded-diameter portion 10, the
precision of the hole inner surface becomes extremely good, rendering it
possible to perform a highly efficient finishing process using only the
small-diameter drill 1. In other words, there is no need fora reaming process
to be performed after the drilling process, which is otherwise needed in a
conventional drilling process. [0110] In the present invention, a
sialtediahvetertdritl $skd-di hote drillihg hasthreughtisole preeisioncaused

inpgroving-means. Sueh throyghhole pregisiondmpraving seans can pravide
a scrubbing effect and also serve as a gtuider for stdeg fged virtue of an
p

b
eXpAnTEE-dAMETES pohtin| 16" haVing apptoxiiiately e%a?‘r‘n%%’iﬁn?éﬁrt‘ as”
the dritladiantetereh imthishwayr itldecemesopossiblectbanmimizerees out of

sidestesgide vibratiopof the; small-dianaetendril1.n a,drilled hole, thergby, g
further improving a straightness for a through hole. [0111] On the other

hafd! 38 SRotirmIFtE S J6(h) G a° tditeRtidiia trifing ettt empioys'the?
stnallsdiameteredrill uhof the present inventicam¢heughdbetfirshhalfsof af  an

dglling, process,¢an optaip,an iner @%Eﬁ?fng Lefleghing. an aovaniage o se

provided by the maximum-diameter portion 18 of the expanded-diameter
PO 6T bliE AnBitfet iARer SHfAcEUA FAllSE 6 obtainthe same advaritabes
pravidedliby the maximum-diameter 384 portipncbd of thetexgandedidiameter

bpdion 10404421 In tye present invention, micQ deepNYIE’ MEANS.Becon:
through hole Ha\'/ing ahole diameter of 1 mm or less, a%d a depth of 10 or
MSresitheSthetle diarRefstCespedially 2edEpthtsf 15i6r mbPetimes the

hotel diametem &of saieh, Kind ofipieto deepr dolesit (s particidagdy irapertant n
that precision aintained . during drillin that it is preferable that drilling
g B D e e e
hoke cHerd, dheprefoamed tguiderole funictions te comticinthieoaxial Hirektiong

ohthe,small-giameterdril s thatthet pesitian: of the centerobine delledire

hole may not deviate. , , ,
1n the shape of the small-diameter drill 1 and a feature in the

drilling method of the present invention, the drilling method
of the present invention can provide an excellent hole inner
surface precision over the entire inner surface from the hole
entrance 37 tothe holeexit 38 of the through hole, and is capable
of ensuring an excellent straightness for the drilled hole,
regardless of a through hole under a severe condition where the
drilled hole diameter is 1 mm or less and the depth is 10 or
more times the drilled hole diameter. Such an effect is shown
in FIG. 26 (a) as an inner surface 43 obtained by virtue of the
maximum-diameter portion 18 of the expanded-diameter portion
10.

[0108] In the present invention, when drilling is performed
by repeating step feed, the maximum-diameter portion 18 of the
expanded-diameter portion 10, serving as means for improving
the precision of a through hole, scrubs the inner surface of

a drilled hole. 1In fact, such a scrubbing effect improves the
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[0113] Namely, other micro deep hole drilling method of the present
invention is a micro deep hole drilling method in which apreformedguide hole
guides a small-diameter drill 1 in drilling a through hole having a hole
diameter of 1 mm or less, and a depth of 10 or more times the hole diameter.
The small-diameter drill 1 used in the method of the present invention has
the following features. Namely, the small-diameter drill 1 has an
expanded-diametarsortiorr 16 exparidintein the dirsctibhaoward hthel shahkd
sgetiQn 7 anddecated, between thetear and.of thewlrill sectionband the i se
neck section 6, having a maximum diameter which is a proximatel¥ the
safiEas e dfiFdtametsr . Flrtier, THE Sridi-bRimcter ol THas's At e
length thokatleastSttimasandiat pfoshGtimessthédiid diametem? amd e
neck ssections 6 has ailength which is,atleast 10.times.the-drill.diameter 2.,
Drilling is performed while repeating step feed at least until the ,
n?a%dH%Jrﬁ?tﬁaﬁi%%éPB‘SPtrc?r%i@eo?efﬁepe%&b%h%l%dlﬂia?ﬁété?spBﬁ%ﬁib%dﬂﬁﬁr
appraximatety thesarhe diametenhasttbediii ndiametera2 eampketely become
penetrates thiaudh the dilled hole. [0414] Preferabl, b6 nness does not

maximum-diameter portion 18 of the expanded-diameter portion 10 has a
c§fdiicalstapeWhoser Bidificter e approxifiataly tHe sahtetastifiée wear -
maxinumiameterof that-exparded-diametebpartipreand hiasa eetitada by
length In the 39, 0.length direction of the small-diameter,dril 1, This is. ;o
because such an arrangement Is most suitable Forr}urtﬁer improving the
ptékisidifoPathicugh: hofe el Ban aldo sefve wstan impreves SyaiteriTieany
dydng ,a drilling [011 5} Therefers; anotherghitling methad gecerdigrto-then ¢

present invention is a micro deep hole drillin thod in which. a
A er AL (S0 o SR Hou A Tl REvReD o i Mheted B

19hhroress antdhedepth of 1ot Arore tirws! teeholecdiametes PRy ormed
smalldiameterdrill 1:has, hetween thenhdell section band the neelysection §,
a tagsred ortioln Cgptgigpin armaximum'-diameter portion 1_8 enlarged
toward the” Shank Section up'td Approximately the same diameter as the
[0110] In the present invention, a small-diameter drill 1 used
in hole drilling has through hole precision improving means.
Such through hole precision improving means can provide a
scrubbing effect and also serve as a guider for step feed by
virtue of an expanded-diameter portion 10 having approximately
the samediameter asthedrilldiameter 2. Inthisway, it becomes
possible to minimize a side-to-side vibration of the
small-diameter drill 1 in a drilled hole, thereby further
improving a straightness for a through hole.
[0111] On the other hand, as shown in FIG. 26(b), if a
conventional drilling method employs the small-diameter drill
1 of the present invention, though the first half of a drilling
process can obtain an inner surface 43 reflecting an advantage
provided by the maximum-diameter portion 18 of the
expanded—-diameter portion 10, but another inner surface 44 fails

to obtain the same advantage provided by the maximum-diameter
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drill diameter 2, and an expanded-diameter portion 10 that comprises a
cylindrical portion having a diameter that is the same asthe maximum
diameter. Further, the small-diameter drill 1, having a flute length 11 of at
least 5 times and at most 10 times the drill diameter 2 and the neck section 6
having a length 12 which is 10 or more times the drill diameter 2, is used to
drill a hole while repeating step feed at least until the maximum-diameter
ppficn 8 of the expandedrdiafsated pertdre rl®havingra diameter that is

appgaximately, the sapie.-as the drille diamater-2, ortheedindiical popion s a
having a diameter that is approximately the same as the drill diameter 2,

CoSTetERy PEOmAE rdigh the SR RGTE: [01 151 Evah Whetr uaii P th
abovéimethothutiscpreferalile thatl ¢he smalt-diametaradrilbl be guitiaekby af

preformed quidehale.  Inyfact, themethad of the presentiUuentionis o dee
particularly suitable for drilling a deep througﬁtgt hole having an L/D ratio of 30

of fiSe D17 MdreGver it i preferaplRtiarthe frigth Bt itk 4
porticmwhithi isldonnected withtthetmaxinurafdiameter tportionld81Having lan

aBBE%%%'%%%’H%‘g%@%Wé 25 thegul diapeter ?@é&%‘ly'&i%‘} bas.theq

maximum-diameter be 2 or less times 40 0 the drill diameter 27 If the length is

gPeLEter thah®2 tires e a uttingSesidiafce dainy d e dting procedavmnntrol
becems:larged i[04 3 8] Further, nhemdrillingacheledn athigh-strengthrditctiae

steel such as §ta,icnless stecel it is preferable;that a, helix angle ogthcg flute 4
T r 1184 %h t
be benwiben 30 anl 40 degraes Whan ariing & hole in & Tow srengih duct

ing a hole in a low-strength ductile

alify séth a¥ EMFHIhuMtAIRY Brohperealldy thetielixlangle6ithectgie 4he
speulebhe hetween 40 and 50 degreesdmthis way,1Sineg ids peasibletoi ch

reduce_a cutting torgue by virtue of these helix angles, it becomes  possible
P L T ety tha o SLrtn
Seortiveavestk sedtiom&vgets in dontact witketrinler patiptreral saffacerst 2

the drilledrhole, and thus ; adluetvation bappens:inrthe euttingdarqueiand eer
deterioration , . .
drill 1 used in the method of the present invention has the
following features. Namely, the small-diameter drill 1 has an
expanded-diameter portion 10 expanding in thedirection toward
the shank section 7 and located between the rear end of the drill
section 5 and the neck section 6, having a maximum diameter which
is approximately the same as the drill diameter 2. Further,
the small-diameter drill 1 has a flute length 11 of at least
5 times and at most 10 times the drill diameter 2 and the neck
sectionb6hasalengthwhichisat least 10timesthedrill diameter
2. Drilling is performed while repeating step feed at least
until the maximum-diameter portion 18 of the expanded-diameter
portion 10 having approximately the same diameter as the drill
diameter 2 completely penetrates through the drilled hole.
[0114] Preferably, the maximum-diameter portion 18 of the
expanded-diameter portion 10 has a cylindrical shape whose
diameter is approximately the same as the maximum diameter of

that expanded-diameter portion and has a certain length in the
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is caused in the straightness of a drilled hole. [0119] Preferably, the web
thickness of the flute 4 is between 40% and 50% of the drill diameter 2 in
view of rigidity. Therefore, the small-diameter drill 1 of the present invention
can be used without any breakage even when a step feeding amount each
time is 15% or greater. Next, the present invention will be explained in detall
based on detailed examples. [Embodiments] [0120] Now, description will be
ghverctohekplain BExanyila hewhichlevilaatesthe sirhightnedd as adbasiause
effget,of the.presept.daventions (Examplg ) As examples-of the present the
invention and comparative examples, each drill is provided with two cuttin

ebi}8S; Ra%ihg” & Brill Higheter 61 6.2 mS A MG Tre R AKG € 3f 30 d&“é’r%%‘é‘,gda
webi thickmesssofdL 0¥ (35%!dfithe .drill diameter), a shank diameter of 3
my; 294l a drll.sectionlength 5.of, 141 mm; Varius, parameters;afe shown.
in Table 1, including flute length, diameter 41 0 reduction of outer diameter
(BAAC Eperty Aoty ater dignéter e’ end, andnisamim didetet
of streaghthyitaperedr expanded-diametertportions] la Tableuthflute kengthing
outer, diameter at flute-end, pndmaximum diameter,of straightly fapered; .. o

expanded-diameter portion are each expressed as a ratio with respect to the
dﬁﬁ‘%ii%ﬂ%&éjr.l AG&SE matetalot eachdiif i arttifttd-fin8tained tefmehted
carhide inswdich thesaverage hpartieleksize of WE is 0.6 paeokless anek-€oon
content is 13 web,. with, the drl section and the neck section heing cover
with an AICTN coating. fé)lZlJ] As test condition, SU8304regtangu ar bloc
WESpre paed 188 workipiee e MAtFPEAE OF tHe rébrantiiier SUfacdSseAing s
referenceisurface-An pperaticmokhelerdriling wasperforsned iivra MaNnes -
suchiahe depih dngeton pfg guledNole s, pA el DR eErece,,.

same as themaximumdiameter. Further, the small-diameterdrill

e

1, having a flute length 11 of at least 5 times and at most 10
times the drill diameter 2 and the neck section 6 having a length
12 which is 10 or more times the drill diameter 2, is used to
drill a hole while repeating step feed at least until the
maximum-diameter portion 18 of the expanded-diameter portion
10 having a diameter that is approximately the same as the drill
diameter 2, or the cylindrical portion having a diameter that
is approximately the same as the drill diameter 2, completely
comes through the drilled hole.

[0116] Even when using the above method, it is preferable that
the small-diameter drill 1 be guided by a preformed guide hole.
In fact, the method of the present invention is particularly
suitable for drilling a deep through hole having an L/D ratio
of 30 or more.

[0117] Moreover, it is preferable that the length of the
cylindrical portionwhichisconnectedwiththemaximum-diameter
portion 18 having an approximately the same diameter as thedrill

diameter 2 and which has the maximum—-diameter be 2 or less times
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machining center was used to drill 50 through holes with the cutting
conditions being: number of revolutions is 24, 000 min-1 (cutting speed is
approximately 15 m/min), feeding amount per revolution : 0.002
mm/revolution, step amount each time: 0.03 mm (15% of the drill diameter),
hole depth : 8 mm (40 times the drill diameter) . Water-soluble cutting oil was
supplied from outside as a coolant. In addition, at the time of drilling, an
approsimately henvispherical glifdé holédaing sedigmetetofthan 2 times,
02mmandadenthat Q. 2ramwas fgrmedinthewerkpiecebgiorehand, (0122} As

a method for evaluation, a Workfi)le,ce was cut at thes%)sition of a drilled hole

aftdf drifling,"BaraNaF withi tha réfereRde Sirtdce SlBSEqUt & distihte’®
frone tHe Teférencessurfade to the inrer peripheral strfacelof theadrilled:dole

wasmeasured at3, points indbe depth directian otthedrilled ale. with & g

difference between a maximum value and a minimum value of the measured

distARCEs takBn ey aStrdigRtne s Thelt an Hrerage strdighti8es Was L +oY
calculatec: framlthe straghtness cofdhe d0ththole] 30thsheteahd b6thdioteen

raspaatively.Juith 420 thegesyltsshown In Table.1; [0163) [TARIE L] ,cquce

Diameter reduction Outer diameter Maximum Average Sample Flute length

(Badtdpetihg B fitite BHd Hiafméter Sirhiihithess iidmbes times) arhGGREme S
(tiraes) @irses) (NQME)): (B)p 2o 110 1,00.900.98:8.0- A2:10 10 0195 0199
80 A3101.00980.9910.0 A451,00950,996,0 AS.7.200.95099 6,0

a A6 920009500980 “A77 102000610070 AT 10 2.0 0.98 1.00

with the inner peripheral surface of the drilled hole, and thus
a fluctuation happens in the cutting torque and a deterioration
is caused in the straightness of a drilled hole.
[0119] Preferably, the web thickness of the flute 4 is between
40% and 50% of the drill diameter 2 in view of rigidity.
Therefore, the small-diameter drill 1 of the present invention
can be used without any breakage even when a step feeding amount
each time is 15% or greater.

Next, the present invention will be explained in detail

based on detailed examples.

[Embodiments]

[0120] Now, description will be given to explain Example 1
which evaluates the straightness as abasiceffect of the present
invention.

(Example 1)

As examples of the present invention and comparative
examples, each drill is provided with two cutting edges, having
a drill diameter of 0.2 mm, a flute helix angle of 30 degrees,
a web thickness of 0.07 mm (35% of the drill diameter), a shank
diameter of 3mm, andadrill section length5o0f 1.1 mm. Various

parameters are shown in Table l, including flute length, diameter
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c9.0 JA932.00.950.99-r0A10101.00.87 0.99 15.0 All 10 1.0 0.95 0.95
17.0 A12101.00.950.92 20.0 A13101.01.000.9912.0 A14111.00.95
0.99 16.0 [0124] As a result, examples Al to A8 of the present invention were
carried out in as many as 50 holes, their straightness were all 10 pm or less
and thus acceptable, with fewer cutting chips gettingbitten, thereby realizing
a stabilized deep hole drilling. Particularly, examples A4 and AS of the
preserttingentioh maving aflatedeagth (GBS %o 7ainees tie drilPdiameter vdrrd

example A7 ofitheRresentinvantionhaving adargeapering andimpadpuing
diameter were found to be accggtable since they exhibit an acceptable

STrAIGHRESs Ot PSS a8 prm °OR the' Sthiet Hand,” comparative Exampia-&8
wihosesfhigte dengtinwvasBitimes thee drlirdianreters dalf wasdiroken justibefere

reaching aydept}efQ.1 é@@ti{'otﬁ efirst drilled hole Besides, in comparafiven,
examples A10 to Al4, 50 holes were drilled, but their straightness all

ekCEEGES 160 prit artt thils AoF ABEEPtabIR. foEo5T EXahiles D antPS Stbw the
resukis oﬁemedtuétimgngﬁh@dﬁ@@ﬂr&otgdidﬁpbl@tdmwsn(ﬁhample}@ 43e£_rAge
examples of ihe presept invention apd.comparatlye examples, each drll was
provided with two cutting edges, having a drill diameter of 0.2 mm, a drill
SB&HiON TOTSL Arrhit, &FeckC3ettion lehgth Bf §.°0 i dif overaPerigin' ot 40"

mm, afite khelixcangle of 30 degrees, a web thickness of 0.07 mm (35% of

t gg ia@e er).. a shank.diam f 3 mm, and qiqe ]grtion located 2.
Rt e Saing A e oty camruatR BB BRL L el
pPEPHRSE MRV differentHetie Setlisnragter "diantetets rdaieleSp6 RO HGtErS

diarpeters cguide porion langths.r & iutelengths) outer diametes seskictionsed
(Q%th%g%gggzgganphat the depth direction of a drilled hole is
parallel with the reference surface. Then, a vertical-type
machining center was used to drill 50 through holes with the
cutting conditions being: number of revolutions is 24,000 min™*
(cutting speed is approximately 15 m/min), feeding amount per
revolution : 0.002 mm/revolution, step amount each time: 0.03
mm (15% of the drill diameter), hole depth : 8 mm (40 times the
drill diameter). Water-soluble cutting oil was supplied from
outside as a coolant. In addition, at the time of drilling,
an approximately hemispherical guide hole having a diameter of
0.2mmandadepthof 0.2mmwas formedintheworkpiecebeforehand.
[0122] As a method for evaluation, a work piece was cut at
the position of a drilled hole after drilling, parallel with
the reference surface. Subsequently, a distance from the
reference surface to the inner peripheral surface of thedrilled
hole wasmeasuredat 5points inthedepthdirectionof thedrilled
hole, with a difference between a maximum value and a minimum
value of the measured distances taken as a straightness. Then,

an average straightness was calculated from the straightness

of the 10th hole, 30th hole and 50th hole respectively, with
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flute end outer diameters, and maximum diameters of the straightly tapered
expanded-diameter portion, as shown in Table 1. A base material for each
drill is an ultra-fine-grained cemented carbide in which the average particle
size of WC was 0.6 pm or less and Co content was 13 w%, with the drill
section and the neck section being covered with an AICrN coating. [0126]
As test condition, SUS304 rectangular block was prepared as work piece,
witheorre of tes redtangular siefakesl serving as reference surface. An
opefation of hele drilling was performed in a manner such that the depth
direction of a drilled hole is parallel with the reference surface. Then, a

VETTTAlNTYPe mMachinNgGenie rwetedsed 10 anll 30 through holés with the
. g . ) Outer diameter 1 I verage
clittingieqnditionseing: numienef reVafiiSHs was 15,000 min-1.Hfing
speerPgs apfifskimately &?@“ﬁﬁmin) , feeding amougtper reyolutigmy 0.002
nymAreyolttionstepamothteach—time—0-02-mmm 0% gf thedrittdigmeter)
h | r\rj:\"l' (o] wﬁj\n (L0 +;mnr~f:l' a rJv-;IH A:anyg-n..\ It gz'yél..lnl ..++:.“g.:.6 H
D@ Rgt . O Illl UL A% UL 1%IC Ot bnaly&ggcl) . vaLCI.anIUUI CUtl O WqsS
spisplicgfrom-ofiiside-as-a-epglantin-addifion, atthe time—of griting jan
oy, aninnhnrinni}cninln Ihnala hayanes diarmatar Aaf M 9D mata’ s Al
Ty TICTiSpPre o al %UIUC IroTc |b \{:_’lllg UIallb% Orvu.Z1rll IO L]
2 mnn5 WS 'Fnrmnrllin thoa hwnrele viaece bafareband- 01271 ]
z |||||? VWS |\J||||Uu2lbl OTC  [VWWOTI\ ,JE\;C J ,IUICIO%Iglu. lU.LLlJ I_éJ
—an oét‘,tica! FricrosEope-was us&';rsto meast O’" Apos tio".ir‘gg
and an averige hele-diameter -r'3 0-efa-gui 1'0 ole: ’Iean"jb.ile, tHe
roscoPe was also>Used 16 rneé)'sure, from-the frontside-and-baek
fdm efersfice surface-oba-w e gs
osilibh-of the-arlidd-hole —thereby
old¥he rpsulte df ther easige&me
Ouler Outer Oulst Leng&lcke#ga%k—
, dianlaterof Hiam8wof ghide p%‘.ption
ss_nitber npck stclion
ion =¥ (mm)( D9 L) (pm)o.99 16.0

[0124] As a result, examples Al to A8 of the present invention
were carried out in as many as 50 holes, their straightness were
all 10 ym or less and thus acceptable, with fewer cutting chips
gettingbitten, therebyrealizingastabilizeddeepholedrilling.
Particularly, examples A4 and A5 of the present invention having
a flute length of 5 to 7 times the drill diameter, and example

A7 of the present invention having a large tapering and maximum
diameter were found to be acceptable since they exhibit an
acceptable straightness of less than 8 ym. On the other hand,

comparative example A9 whose flute length was 3 times the drill

diameter, drill was broken just before reaching a depth of 0.1

mm in the first drilled hole. Besides, in comparative examples

A10 to Al4, 50 holes were drilled, but their straightness all

exceeded 10 pm and thus not acceptable.

[0125] Examples 2 and 3 show the results of evaluations on
the effects of guide portions.

(Example 2)



(min) (m) (mm) B 1 0.170 0.198 0.30 1.9 1.1 0.190 0.199 9 B 2 0.180 0.197
0.292.01.0 0.190 0.198 8 B 3 0.196 0.198 0.29 2.1 1.1 0.188 0.198 7 B 4
0.190 0.196 0.30 2.0 1.0 0.190 0.198 8 B 5 0.191 0.200 0.31 2.0 1.0 0.191
0.199 6 B60.188 0.198 0.04 2.0 1.1 0.190 0.199 9 B 7 0.190 0.196 0.10 2.1
1.00.1900.198 8 F F-8 0.188 0.198 0.20 2.1 1.0 0.189 0.199 7 B9 0.189
0.198 0.352.0 1.0 0.189 0.198 6 B10 0.191 0.198 040 2.0 1.2 0190 0198 8
Bit 0.190 HA97*G/B01E9 1 0:180K0: 26018 pd B0 189 0197 OBP20L Ove

019004198 8 B130.191 0:198.0,3020 #:0 0.196 0199 19 ANB14 120,
0.198 029 1.0 11 0.190 0.198 6 B15 0.190 0.198 0.30 1.4 2.0 0.191 0.200 6
Bb G- 191 3716893071 820 6188'0 1988 'B170° 1960 188'0.29%'p 217K

0sE30- 0200 n 8118 01189 019810.30 22020:0.195 04200 Of BIO011656 G.197e

0:30 20 1.00.188:0498 20,,820,0,1980198,0.31,13 1.1 0.489-0.198 2 B2
0,189 0.194 0,30 21 1.1 0,191 0199 18 B22 0.991 0 005 0.30 1.9 10 0.190
OGO B23 bA9U'6198)0.63°26 1 X0 190 G 168 16"y B24 6. P89 01590045

20d:610:290 0,298:18n MhB25 0:190 0198 0:20:06:2.0:0491t0.200 B26 0:180
Oégﬁop%g 2240 %4%&%88}?%1 240:121 0,198.0.30 20.1,0 0,190, o -

0.190 17 U B28 0,188 0.197 0.30 1.9 10 0.190 0.184 20 929 0.190 0.199
0BEPI £1D. £8Y0 9 9B 16 [0129] CorERgLehily, BXatples B 'B18 bt the
prasend lianentien were carred-outinasmanynas (30 folesp Byivittue cofthe,
i shapes, formed according fo e prasent ayentign. g oventionyyas, .
able to make the cutting chips to stay within the flute so as 1o prevent the
CﬁRﬁ@ﬁ@ﬁﬁ%ﬁﬁﬁ@ﬁﬁ%%qﬁﬁﬁnded—diameterportion,asshowninTable

1. A base material for each drill is an ultra-fine—-grained
cemented carbide in which the average particle size of WC was
0.6 um or less and Co content was 13 w%, with the drill section
and the neck section being covered with an AICrN coating.
[0126] As test condition, SUS304 rectangular block was
prepared as work piece, with one of the rectangular surfaces
serving as reference surface. An operation of hole drilling
was performed in a manner such that the depth direction of a
drilled hole is parallel with the reference surface. Then, a
vertical-typemachiningcenterwasusedtodrill 30 throughholes
with the cutting conditions being: number of revolutions was
15,000min™! (cutting speed was approximately 9.4m/min), feeding
amount per revolution : 0.002 mm/revolution, step amount each
time: 0.02 mm (10% of the drill diameter), hole depth : 8 mm
(50 times the drill diameter). Water-soluble cutting oil was
supplied from outside as a coolant. In addition, at the time
of drilling, an approximately hemispherical guide hole having
a diameter of 0.2 mm and a depth of 0.2 mm was formed in the
work piece beforehand.

[0127] For evaluation, an optical microscope was used to

measure a positioning precision and an average hole diameter
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the neck section. Particularly, as to a straightness, the invention was able to
perform a hole drilling with an acceptable straightness of 10 pm or less.
Moreover, example B3 of the present invention having a neck outer diameter
of 0.196 mm had a high rigidity and thus an acceptable straightness of 7 pm.
45 0 Example B5 of the present invention having a guide portion outer
diameter of 0.2 mm provides a high guide effect and thus an acceptable
straightaess of Bopm. Mbeeoveri éxanigle B®of tiid presentirventionshading
aguide-partian length-o£,Q. 35 aim.o Proyided o high gride effect and. thusan.
acce table strai htness of 6 pm. [0130] On the other hand, in comparative

eRamplé B19 iR d*%mehaa & hOoF Tighdity” 8GS 87 InTAT ek Tifter damdter
anddhusecan dpaceeptablefstraiglitaess 026 pri.om coniparativie éxdnyplés,
B20. the drill was brokennegr.a dolled hole depthaf 2:0:mm. dn the first hale.

It can be considered that a drill broke due to a large neck outer diameter
WHICH tats8d the hebREBHIBRS I bihfpet ¥ydindt’a G7fed Hole and there
waan dncredsedbtatting resistance. In comparative example B21, since a
guide portion outer diameter was small and thus a guide effect was not

syifficient, Pasultin Oatﬂstrcu g which W eOas 18
Sample iameter of ter @Q&%ﬁ ﬁ te le @a&@&rl@ me Mum Ayerage
cOmparal \(@ceggcxgnamfg,ﬁ; @ld(meﬂdT raKe at(eawdmgledffia@fgi demtht@f 1 sdeigrrms
i.¢., a positimh whefenthel gui R portion was aolgmut ta emer the dhille h%’)lfg
M 0179 [, 0198 030 ' 19 0.190 0.199, .
Thisrees Ebably dise 10 adarge guie p rIIQla OUler dismetep g@mch LotUbE‘:
a |arr5:§ ~ 11N acmﬁ%nr\ it e dnidd nodtinA-lIN1 R 119488 ~ NHPE 1y 7
uld.ilgw I IOJ.L%lI LAY] II bgo LAY \juluz.o HU ot iOLU.I. UJ.Jo!Lbb \.’U T IPMQ&ALI v 8
e arrml BIQQ sincezhe guidel po 'tmnowa\ thr'r the eyendel effaet was not
B6 188 0,198 0.04 ' G190 Oié% 9
S ﬁl ent ou]m thios the Siraigiitness |blU”( eblmmy asdatge[aSedss PIIT. Upon
0 § Ad 0488~ d+r1|| ORI~ AP0 A s 2 + \MJ:\Q~ fn A8 At i A Al A T
H\ahgl IU 0'1%9\' LLLI d!ggl\;l IIUMSIJL,\. LIL] ug},u, JIILﬁAligguL IIIMIIH vvu\%
oCEULLENg m9|=h9 guides pdriior On fh(ﬂmhcsr h:lmd n_camparative _ekamble
2 1 B11 Q197 ' 0.30 0180 ' 10.200 8
Bpd #he guﬂ@e OTaon WES 160 10 d, me S ral@mtn S5 oWwaS Stitbaiadgsirably as
|ar§,\su.~ 8180 [ThId%s derklis Heedlse la vitlratibn HaHHoeeditbe tue foa
"BH’ XL .lbé' LR L IHggD CI T I@b}o LJ qu}dac A Vlll'.il alyulnt b U u\.@llggu JUUCT GU Al
incregised eatting resistancenso 14 20 0.191 0.200 6
B16 0.191 0.199 0.30 1.8 2.0 0.188 0.198 8
B17 0.190 0.198 0.29 2.0 21 0.190 0.200 7
B18 0.189 0.198 0.30 2.0 2.0 0.196 0.200 9
B19 0.165 0.197 0.30 2.0 1.0 0.188 0.198 20
(L B20 0.198 0.198 0.31 1.9 11 0.189 0.198 —
o | B21 0.189 0.194 0.30 2.1 11 0.191 0.199 18
EB22] o019l 0.205 030 19 0 0.190 0.199 —
5 B23 0.190 0.198 0.03 2.0 1.2 0.190 0.198 18
_g B24 0.189 0.199 0.45 2.0 1.0 0.190 0.198 18
‘5 B25 0.190 0.198 0.29 0.6 2.0 0.191 0.200 —
2 [B26 0.190 0.198 0.29 2.0 1.0 0.174 0.198 15
g B27 0.191 0.198 0.30 2.0 1.0 0.190 0.190 17
O | B28 0.188 0.197 0.30 1.9 1.0 0.190 0.184 20
B29 0.190 0.199 0.31 2.0 1.1 0.189 0.198 16
[0129] Consequently, examples Bl to B18 of the present

invention were carried out in as many as 30 holes. By virtue
of the drill shapes formed according to the present invention,
the invention was able to make the cutting chips to stay within
the flute so as to prevent the chips from getting bitten into
the neck section. Particularly, as to a straightness, the
invention was able to performa holedrilling with an acceptable
straightness of 10 um or less. Moreover, example B3 of the
present invention having a neck outer diameter of 0.196 mm had

a high rigidity and thus an acceptable straightness of 7 um.
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in the guide portion. In comparative example B25, since the flute length was
as short as 0.6 mm, the cutting chips generated in only one step was
clogged in the flute and the drill itself was broken at a position near a drilled
hole depth of 0.22 mm. 46 0 In comparative examples B26 to B29, it was
found that the cutting chips failed to stay within the flute and the straightness
exceeded 10 pm and thus unacceptable. [0132] (Example 3) Next, using the
sarmnspeciications<asin example’Bstafotheresent wventior Severaputer

samples wergimade with g.neckportion lepgth being I5-am, anoverlk an
Ieng;th 50 mm, and djfferent %uide gortion intervals. As test conditions,

tHrough1ioles Rabihoa dhigd 1oie°ddpih of 10FRKT 80 THiELtre Grilc™ =©
drametary weresdtilled, witly otiseracanditiens deingrthe sangtghas in exampie,

2pEyaluation items arg Jne-sameasn exauple 2- Jherasulls; areshawn in
able 3. [0133] [Table 3] (hucr diameter Outcr diameter isagth of Guide

pBFti Back tapering Outer diameter Maximum Average Sample of neck
séoticn d[ depertiov guide [lporibn intaveldute: lengthxampilezk afnomendofi 1 1

flyte,end, diametey:etrai,mees (L imim) gom) gnm) (rma,(1edmm), (mu),

(mm) (pnt) Examples of 630 0.191 0.199 029 1.0 2.1 1.0 0.190 0.198 8 the
if/ertio 83162191 6998 650 6°20f ¥ 02190 (1987 B3 b0 V2081
082,022 16-0.188:0. 208k B33n2.48%04:981 029 0H60-2d30r0.d91201098m

15 Cmnparntive B34 0.191 0.198,0.29 0.80 2.0 10,0,190.0,200 13 eeample.
n led b d

B35 0.190 0197 030 220 2.0 12 0,191 0.109 14 B360.189 0.199 0.30 2.50

2tP 121 DATYF ONEE 1809B4] K" FE3Ult i exAnpRATBE00BIE oF ¢ o7

presentdavention baving guide; portiondatenads atbetween kOJvmand 2,9
M. an,operation.of oje driling Niaying an aceeptable straighingss e£14 pm
or l6ss was successful baséd on an effect of the ’guu]je por% S proelded in

tiferheck deeficn. 0138 Ondheldthendand i comparatide exanfiés B33 dmet

B§6fficient, resulting a straightness which was as large as 18
um. In comparative example B22, the drill broke at a drilled
hole depth of 1.1 mm, i.e., a position where the guide portion
was about to enter the drilled hole. This was probably due to
a large guide portion outer diameter which causes a large cutting
resistance in the guide portion.

[0131] In comparative example B23, since the guide portion
was short, the guide effect was not sufficient and thus the
straightness is undesirably as large as 18 pym. Upon observing
the drill which had been used, it was found that chipping was
occurringintheguideportion. Ontheotherhand, incomparative
example B24, the guide portion was too long, the straightness
was still undesirably as large as 18 um. This is perhaps because

a vibration had occurred due to an increased cutting resistance
in the guide portion. In comparative example B25, since the
flute length was as short as 0.6 mm, the cutting chips generated
in only one step was clogged in the flute and the drill itself

was broken at a position near a drilled hole depth of 0.22 mm.
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failed to produce an adequate straightness. This is perhaps because a small
guide portion interval partially causes an increase in the cutting resistance,
thus causing a vibration and rendering it impossible to obtain a desired
straightness. In comparative examples B35 and B36, since the guide portion
intervals were too large, straightness was harmed before the next guide
portion enters a drilled hole, hence making it impossible to obtain an
ateceprablerstraightness {01 360 thePéraniplesiof the rdiciordedpehole ting
drillingsmethod. 47:@ far-detepmining aneptimyp:guide hale ate explaingddn
examples 4,5, 6 and 7, 0137J (Example 4) As example C1 of the present
invertion ahd goﬁgeﬁﬁgnglh%xa%npﬁggfﬁt PC%: a ball end mill for drilling a
glideshole inEescampke CL of the present invention was prepared, which
includeg.two cytting,edges hawinga.cutting.edge, dianeter of 0,2, un:3 hall

cutting edge, and an outer peripheral cutting edge. In detail, the cutting edge
|rith Bt tRe Buter periph8ral thttiy ed §& WS 6.4 Rrf, %iaré‘ﬁei‘“éﬁaIeaof1
optertpenpheralt cuttingedgewasrlSwdegrees,cand thetouter diametef of ¢he
shank was 4 mm. Then, three kinds of dulls for, drjlling the guide halegin o
conventional examples C2 to C4 were prepared which include two cutting
edgBs "Aaving'a tatting ‘Sogertliaméter f" d 2 astiute Iehgth SR e AShAT,
andra shanki euterdiametere ofb mam withstipaingleshk6sheaiag: 130, ¢40rance

190. 103814 base majerial o balled uil and g il for driling A.guine,
e ? 8 ave Tg 6

hole contained 8 wt% o SC’:o,rv?/it]ﬁ W rage particle size being 0.4to 0.

pff, carid Bi& cttingédge portion or the flute portion coated with TiAIN film
havingza thickpess 30f 2 pm. In addition, a small-diameter drill for micro deep

h 1 el Lls [) <l +
DICT UTTIm 'nad t(wwu CULLITT

el ll ol + £N D £l .t Lol
PSS a UJIfII tametetroTr oz IIULT enx

ecl
uter diameter | Outer diameter ength @ Guide portion Back tapgri er di r|  Maxi . Avera;
anglergf 3rdegrees- awpbdhickness Of0:0F migasis afdhe dill diatistef),
apd a shahk @liter difimeter"8f 3 nftl. Here a fUit& BAgh™ 6 wa%'1 .0 nith 3
B30[. 0.191 0.199 029 10 21 10 > 0190 0.198 8
bﬁg‘ﬁﬁwﬁg BE{IMTRAMOUdbs 0.30 16 21 11 0.190 0.198 7

B32 0.190 0.198 0.31 2.0 2.0 1.0 0.188 0.200 8
B33 0.189 0.198 0.29 0.60 2.1 1.0 0.191 0.198 15
Comparative| B34 0.191 0.198 0.29 0.80 2.0 1.0 0.190 0.200 13

examples | B35 0.190 0.197 0.30 2.20 2.0 12 0.191 0.199 14
B36 0.189 0.199 0.30 2.50 2.1 1.1 0.191 0.198 18

[0134] As a result, in examples B30 to B32 of the present

invention having guide portion intervals of between 1.0 mm and
2.0 mm, an operation of hole drilling having an acceptable
straightness of 10 um or less was successful based on an effect
of the guide portions provided in the neck section.

[0135] On the other hand, comparative examples B33 and B34
failed to produce an adequate straightness. This is perhaps
because a small guide portion interval partially causes an
increase in the cutting resistance, thus causing a vibration
and rendering it impossible to obtain a desired straightness.
In comparative examples B35 and B36, since the guide portion
intervals were too large, straightness was harmed before the
next guide portion enters a drilled hole, hence making it
impossible to obtain an acceptable straightness.

[0136] Other examples of the micro deep hole drilling method
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was 0.5/200 mm, a neck diameter was 0.185 mm, an extension length 17
starting from the neck-end was 4.3 mm, and a tip point angle 16 was 140.
[0139] In example C1 of the present invention, the ball end mill described
above was used to form a guide hole having a hole diameter of 0.2 mm, a
hole depth of 0.2 mm and a bottom surface having an approximately
hemispherical shape. Then, the small-diameter drill shown in FIG. 17 was
uSed ttediiraihole 18 0 hytepeating: step fdeda e conventiondl examplas €2
tq C4s variQus;drills for drilling guide holes and having tip angles of 130 to
150 were used to drill the same guide holes as in example C1 of the present
inViehtioh, ther&By Bffeciing the same  drilling process. [0140] As test
conditidasecgeidellsoles werettrlled s successomtwith aapiiclr oh 028 ramal

between fole posifions, on gRe swface 0han SYSI1E.hIegk Serungas Ao e

work piece. Then, a small-diameter micro deep hole drill was used to drill

through *HBeS I%'Vir?& aHile RIFEMBTET of 0/ 2 HiP Bnd 3°h&1E TR Of 47 Pmt
i.enatithithe hole depth beirg 20stimesvtheddrill diaméeter @fdhediameter of

stall-diameter drill. Here, the ball end, mill the dull .and the.smalhdiameter, ,

drill were all used to perform a wet cutting, with number of revolutions bein
25600 mif1 $eédihg 'speéd t50 MR, ard steptam6ut ger Biep 82 @
nyafstepg[@tdH Besides, arfeedingispeed of assoalt-diameter-dsidrdyringa 1
non:driling.was selat 15,mymin for all samples. 10, Iis st botb (e, cnan
example of the present invention and the conventiona examples were
cBRduétdtito répeat a'stepFebd A saPostiion Whére e ddtet peripiferapide
CamerPasition 33-ofthensmalkdiagmeter drillchiring astep pask30-washich

Io.catg% 9.1 mm from the enog face ﬁ% \91‘ the entrance of thff? dr”cl?%rpgtl:ee j:n (t)r%e

f
positive direction S thatthe corrier position 33 could Surely’ move away.

(G142 For evalbiation! andgticaf mMicfoStopedsiuséd i mebsarelanmeter
ayerageninteryal betwgen hole posifions:ad anaverage: and 150°.
[0138] A base material for a ball end mill and a drill for
drilling a guide hole contained 8 wt% of Co, with WC average
particle size being 0.4 to 0.6 um, and the cutting edge portion
or the flute portion coated with TiAlN film having a thickness
of 2 ym. In addition, a small-diameter drill for micro deep
hole drilling had two cutting edges, a drill diameter of 0.2
mm, a flute helix angle of 30 degrees, a web thickness of 0.07
mm (35% of the drill diameter), and a shank outer diameter of
3mm. Here, a flute length 16 was 1.0 mm, a back tapering amount
was 0.5/100 mm, a neck diameter was 0.185 mm, an extension length
17 starting from the neck-end was 4.3 mm, and a tip point angle
16 was 140°.

[0139] In example C1 of the present invention, the ball end
mill described above was used to form a guide hole having a hole
diameter of 0.2 mm, a hole depth of 0.2 mm and a bottom surface
having an approximately hemispherical shape. Then, the

small-diameter drill shown in FIG. 17 was used to drill a hole
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hole diameter. Further, straightness was measured by using an optical
microscope to measure, from the front side and back side, coordinate
distances from a reference surface of a work piece, followed by detecting a
deviation of the center position of the drilledhole. Moreover, the number of
drilledholes was recorded at the time when chipping or breakage occurred
on the small-diameter drill guided by the guide hole. Then, drilling 49 0 was
pavtoanerdivhentgPtd 200 holés werevdrilladb stablye XFiee resulig ate C4,

shawndnsTable 4 s[Q143kITable 4] Average Averagsiateryat Tip anglefies
Number of Sample guide-hole hole between hole Straightness drilled holes

Remarks niiin %EP drifi () diaRéter ositions timy i) I(Mim§ (dfesj 2 1»
Examplés 6flC1E 01208:0:2540.005200. 200 hokesawitherdd breakagehtheame
inyention2,1,30.0.220 0.280 0.020 49 Breakage occurred at the 50th hole
Comparative C3 140 0.218 0.275 0.018 61 Breakage occurred examples at

td 820d hole“c4 56 02350 36016.029 258reBRAGE oléihted &t the 30th™
hele- {6144 pAsva result, vilen the guidé hotedweredormetausing ithiolball on

epddmil], ok-example G16fdhe prosent inyeqtion, the smajlidiameter drill was

able to stably drill up to 200 holes, obtaining acceptable precisions for
tiedfifiedmicroteephdles: 2.6CaR Avérage hole'diametet Was 0:203 i e
avenage Hietval betwaen holenpositions was Gn254 1y and a sieaightnesss

35 0,005 mm. This Leasen for his 6an be sonsidered as fllows Namet..
since the positioning precision and the Role precision at the time o ]formlng
the Jul@eSRetes arecdiarermnaly hobd, alRd sincéctthe bbtteid Biifface bPtAE 1 11
guidedheleis: formed inte andapproximately hemisphedealshapeadriling isig,
p%ggﬂnggmber of revolutions being 25,000 min™*, feeding speed
50 mm/min, and step amount per step 0.02 mm/step.
[0141] Besides, a feeding speed of a small-diameter drill
during non-drilling was set at 15 m/min for all samples. 1In
this test, both the example of the present invention and the
conventional examples were conducted to repeat a step feed in
a position where the outer peripheral corner position 33 of the
small-diameter drill during a step back 30 was located 0.1 mm
from the end face 32 of the entrance of the drilled hole in the
positive direction so that the corner position 33 could surely
move away.
[0142] For evaluation, an optical microscope was used to
measure an average interval betweenholepositions andanaverage
hole diameter. Further, straightness was measured by using an
optical microscope tomeasure, fromthe front side and back side,
coordinate distances from a reference surface of a work piece,
followed by detecting a deviation of the center position of the
drilledhole. Moreover, thenumber ofdrilledholes was recorded

at the time when chipping or breakage occurred on the

small-diameter drill guided by the guide hole. Then, drilling
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gradually from the entrance of the guide hole toward the center thereof
without depending upon an opening angle of the small-diameter, and then
the tip portion of the drill get into contact with and fixes at the center, thereby
ensuring a stabilized drilling. [0145] Regarding the guide holes formed in
conventional example C2 by using a guide hole drill, the small-diameter drill
broke at the 50th hole, causing a greatly deviated precision in the drilled
hokss P, ah averagehele dininete? Was 0:220emendan L dverage intervalhe
between holg positions was 9.28Q mm, an 50 0 straightness was 0.020 mm.
Thlsllzls3perhargslbecause the positioning precision and the hole precision of
gw de hore_' &re boor when the guide holes are formed. Further, it can be
cpnsidered thpt since AR QRETTRG AR formed & uide hote 15 130 andja
ip anglelof the Sl diametef dpiﬂe{i:shmo,snﬂfmuﬁqsrm‘fgf‘@ﬁ of the glrill fails to
bt in‘tB“E‘?bnta“tduw th)a W?"gbnff@ﬁgﬁd h'si (’15"“" ocqn g;; grill to vibrate from

x|
S c to—stge-gnd-thus prottees-anthacceptabe-poe-thameter pncuo:uu,

ﬁ@ﬁgf@ﬁr gthg about @ passihilityosbbreakingthe smalt-diarmetes warik b{%ékf]
egai'uii“ll, th gu1de hotesformed-n-—conyention |1h CI\GIIIIJIC c3 uy' HSthe

guide hole drifl, tre smalldiametes.zsall drokezat he 82th ho|8f°aé§%m

greatly deyiated-precision—in i les+eranaverage-hole-diameter
83418 amm, a0 ayerage intervabetweantiole pesitions \%féjﬁ @g?‘g"’i’nm

t ht haocdvae O-O1Q mml-The raeacabhfarthic ~an hao
straigniness-was-o-gro tii—Tnefeasontortmscanoe considered-as

—+

follows. Namely,1since amspening.zngle forned |as @gu,llde Rt ?’i"gth‘% and a
tip-angle-of the-smat-thameter—dritHsalso-140,-and-siree-the-size-of-the-teol

isoninute, axcuttingdesistanceicreasestoaamuch duringra bitingnaction iofy

the dr using an eas V|brat|o in drill thus an_unacce table
p%zlmsl}%énﬁmarﬁy S‘rlnegﬁn%/aﬁoufn gqposg %; dfmaglng the gma lc?laf"ne

dana[bh 47 Resjearding tHe gtﬁéeaﬁdléstf@rm#méméﬁtuéﬁato 200 holesr

obtainingacceptableprecisionsforthedrilledmicrodeepholes,
i.e., an average hole diameter was 0.203 mm, an average interval
between hole positionswas 0.254mm, and a straightness was 0.005
mm. The reason for this can be considered as follows. Namely,
since the positioning precision and the hole precision at the
time of forming the guide holes are extremely good, and since
the bottom surface of the guide hole is formed into an
approximately hemispherical shape, drilling is performed
gradually from the entrance of the guide hole toward the center
thereof without depending upon an opening angle of the
small-diameter, and then the tip portion of the drill get into
contact with and fixes at the center, thereby ensuring a
stabilized drilling.

[0145] Regardingtheguideholes formed inconventional example
C2 by using a guide hole drill, the small-diameter drill broke
at the 50th hole, causing a greatly deviated precision in the
drilled holes, i.e., an average hole diameter was 0.220 mm, an

average interval between hole positions was 0.280 mm, an

50 °



example C4 by using a guide hole drill, the small-diameter drill broke at the
30th hole, causing a greatly deviated precision in the drilled holes, i.e. , an
average hole diameter was 0.230 mm, an average interval between hole
positions was 0.300 mm, a straightness was 0.023 mm. [0148] This is
perhaps because the positioning precision and the hole precision of the
guide holes are poor when the guide holes are formed. Further, since an
openingpanglesfornved ad -& gliderhole iS50 and atiphamgle bftheise the

small:diagetey drilbel Oiisnl40qthe dip portignof the Lill passed thraugh the
guide hole and got into contact with a hole bottom. Intrinsically, it is

a8 TnidtPthat s bril Havilg &1at e HiilPdiametsr s stabie” tiring & arfi?™ ©°
processidicwever since eedalh rigedityt isotnet sufficientwvhers aaddlh beingole
used was amicro deep hole drill thedrill vibratgd heavily and this could jead
to a breakage on the way when the drill diameter became large. [0149]
(EXEmpt& ﬁ%&?&so&%ﬂﬁléjsr €5t e8!t the Bfdsentlifivention ahd'* ! @
comparative @xamptes EsanehGK3, attestiwaslconductedhfor Optimizingthe

hole,diameters of.gude hol easn"‘{l"iharceé@i?&& 19 Ol dlameteL A5 (et method,

the same specifications as example C1 of the present invention were used to
mMEKESixditierent samiptessiichithat te ehttihg Ydgerdidmeters of balena

mills 1for forming guide holes were 0.17 mm - 0.22 mm, i.e. , the hole

dif’cf_‘ﬂ%%%fs of E‘eegg‘é%’fngo'%%é’ver%Pd%E’_hélle%im%ééﬁéc?”an_“%ro”r?&%%tﬂ%%”aﬁ
drilling and evaluation were perf%rmed in the same way as in example 4. The

réstifPare Sh&wntmi Tableds 1 §6150] frable b} Chting Suide Giidetorer 111
Average Averagedlumberie Sampla edge helediametet/small hole stenal

Stiaighiness drilend norther djamete, of diameter diameter, dril diameter,
between %o e f;oles Remdrks positions ‘ballénd mill o diameter (?atlogje

mm, an average interval between hole positions was 0.275 mm,
a straightness was 0.018 mm. The reason for this can be
considered as follows. Namely, since an opening angle formed
as a guide hole is 140° and a tip angle of the small-diameter
drill is also 140°, and since the size of the tool is minute,
a cutting resistance increases too much during a biting action
of the drill, causing an easy vibration in drill and thus an
unacceptable precision, finally bringing about a possibility
of damaging the small-diameter drill.

[0147] Regarding the guide holes formed in conventional
example C4 by using a guide hole drill, the small-diameter drill
broke at the 30th hole, causing a greatly deviated precision
in the drilled holes, i.e. , an average hole diameter was 0.230
mm, an average interval between hole positions was 0.300 mm,
a straightness was 0.023 mm.

[0148] This is perhaps because the positioning precision and
the hole precision of the guide holes are poor when the guide
holes are formed. Further, since an opening angle formed as

a guide hole is 150° and a tip angle of the small-diameter drill
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(mm) (mm) (mm) (mm) (holes) C5 0.18 0.18 0.90 0205 0254 0.005 200
Examples of C6 0.19 0.19 0.95 0.203 0.255 0.005 200 200 holes the with no
invention C7 0.20 0.20 1.00 0.203 0.254 0.005 200 breakage C8 0.21 0.21
1.05 0.204 0.255 0.006 200 Breakage C9 0.17 0.17 0.85 0.212 0.269 0.013
79 occurred at Comparativ the 80th hole e examples Breakage C10 0.22
0.221.10 0.214 0.268 0.014 94 occurred at the 95th hole [0151] Table 5
shewsithat éxamples BB to.C8 of thé présent. invention Wereuable toedeill uge
19,200 helgsptably, with hiole pregisianbeingacceptahle, i€« anAveragey,
hole diameter was 52 0 0.210 mmor less, and an average interval between
hole PoeitionEe WaS ©-260 mMm ot 1848 961521 it EmparativE example ce> <
sihceithe guide hbledianreter Wasswrall, thenload: olr thel drilldiebamettoaot
largegausing the. drll fo bend, Asg a resuit, hales failed to be drilled sfably, |

and the small-diameter drill broke when drilling the 80th hole. On the other

hafd, Comparative ExampieE 1o tai e Considérat asToftows. Nathaf/a9e
sincetthe guidewicie diameteriislargesmtacetarye @spadeaogeurs between the
gl[rtg@lgﬁ)le i@ﬂg %aggj the drill to be used in a next step, making the drill

to be in an unstable condition, causing the cutting chips to be bitten into the
neck sB&tfon afdl thie*diil- f°bfeaktin 85 hofed OB TEXAMPIEB) NéXt, 3asd
examples ChletocG 13 0f dbe present invention ates comparativeiexamplesor

Cl4 and C15 atestwas conducted for_optimizing the depth of the guide
o R U R T e B e HaeE o,
spéeifitationgcas exanisle 'CF bf #%¢- preseritlifivention WeRided f-farie as

guidenholes having a guide, halewdepthdanged atleast qdxamiant @ferent

samples such that the cutting edge diameters of ball end mills
for forming guide holes were 0.17 mm — 0.22 mm, i.e. , the hole
diameters of the guide holes were 0.85 - 1.1 times the drill
diameter. Then, drilling and evaluation were performed in the
same way as in example 4. The results are shown in Table 5.

[0150] [Table 5]

C:;tgizg Guide Guide hole | Average /'X:zif Number of]
Sample . hole diameter/small- hole Straightness| drillend
number diameter gf e e betwe.efl hole holes Remarks
ball end mill . . positions
diameter (ratio)
(mm) (mm) (mm) (mm) (mm) (holes)
() 0.18 0.18 0.90 0.205 0.254 0.005 200
Examples of| cg [ 0.19 0.19 0.95 0203 | 0255 0.005 200 | 200 holes
the with no
invention | C7 0.20 0.20 1.00 0.203 0.254 0.005 200 breakage
Cc8 0.21 0.21 1.05 0.204 0.255 0.006 200
Breakage
9 0.17 0.17 0.85 0.212 0.269 0.013 79 occurred at
Comparativ the 80th hole
e examples Breakage
Cc10 0.22 0.22 1.10 0.214 0.268 0.014 94 occurred at
the 95th hole

[0151] Table 5 shows that examples C5 to C8 of the present
invention were able to drill up to 200 holes stably, with hole

precision being acceptable, i.e., an average hole diameter was
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most 0.42 mm, i.e. , a guide hole depth was at least 0.5 times and at most
2.1 times the drill diameter of the small-diameter drill. Then, the same drilling
and the same evaluation as example 4 were carried out. The results are
shown in Table 6. [0154] [Table 6] Guide hole Average Average Number of
Guide deptldsmall- interval nu Straightness ds Remarks number Sample
hole depth diameter drill hole diameter holes hole hlle diameter positions
(ratia} ¢rawm ofmia F nm ¢ham 2(holeg)e C 11 ©: 12 DI6=0.205 0125 3007200
Examples ©f G2 9:30 15,0.202 0.254 0.004 200 200 holes the invention
with no breakage C13 0.40 2.0 0.204 0.257 0.009 200 C14 0.10 0.5 0.212

0.269'6/017 105 BleHiaAge Scelirfda af the Sldbth hofe? CotRparatve 2o~
examples 101511421240220 0265 01026<kO2nBreakagermrsturred satrthe-he

I3th hole 53.0,[9155]dnexamples Gk to, GL3 of.the present inviention, dt,1
was possible to stably drill up to 200 holes, with the hole precisions turnin

otiPto B atieptadle TEGMRS, Fré Ll Qn AVerade” Hoié danéter wis o ﬁ‘fég :

nmimot tesahdamavdrageintenat besdweeanhoke positions was 260 dameor

less. [Q156] Jn comparative example, 14, the guide hale depthwas shallow
and the small-diameter drill broke when drilling the 106th hole, with the

pFEGSIGHE6F the RFMBAPROTRE TURRINEE Buit 18 D& ' averaGe Huledidtete?
wase0 2101 mmorlesssand ianaveragesitieryahbetweenrkoleasitioaspyasn
0.269 mmor less, This can be considered as follows. Namely, in drillin
e e et ey ore NATIEY O Pk e
tHe BillingSs temdueted iPanatstable cBrditorthéréak in 95 holes.

[0153] (Example 6)

Next, as examples Cll to C1l3 of the present invention and
comparative examples Cl4 and Cl5, a test was conducted for
optimizing the depth of the guide hole. As test method, a ball
endmill for forming guide holes having the same specifications
as example Cl of the present invention was used to form guide
holes having a guide hole depth ranged at least 0.1 mm and at
most 0.42 mm, i.e. , a guide hole depth was at least 0.5 times
and at most 2.1 times the drill diameter of the small-diameter
drill. Then, thesamedrillingandthe sameevaluationasexample
4 were carried out. The results are shown in Table 6.

[0154] [Table 6]

Guide dGutigf hOIS Average ﬁl\;zzif Number of]
eprvsmar | Straight drillend
:zigz hole depth| diameter drill diari)leeter between hole |~ 51 1SS hol: Remarks
diameter positions
(mm) (ratio) (mm) (mm) (mm) (holes)
Cl1] 0.12 0.6 0.205 0.257 0.007 200
Examples of | 5™ 39 15 0202 | 0254 | 0004 | 200 |  200eles
the invention with no breakage
C13| 040 20 0.204 0.257 0.009 200
Breakage occurred
Comparative C14] 0.10 0.5 0.212 0.269 0.017 105 at the 106th hole
examples Breakage occurred
C15| 042 21 0.220 0.265 0.025 102 at the 103th hole




breaking the small-diameter drill. [0157] In comparative example C15, the
guide hole depth was deep and when using the ball end mill to form guide
holes, the cutting chips become clogged, rendering it impossible to form
guide holes having an adequate precision. Consequently, the small-diameter
drill broke when drilling the 103rd hole, with the precision of the drilled holes
turning out to be: an average hole diameter was 0.220 mm and an average
inteAvial betweere Koler ositions Wwas.268macAs aaresult, itwas impossible

to dill ;3 Hole having apacceptableipregisignargsulting i the breakage nefi
the small-diameter drill. <Ef)158 gExampIe 7) l}lext, in relation to examples C16
1 EAB S PR prE&EAT Tvhiion, ePafztion Was peHdfmed of th ef&EE 60 °

the taperededpanded-didmeterpdrien 40004 thevsmatiediareteradritie {0£59]
Examplg (16 of the presentipveniion did patinvolve a tapered

expanded-diameter portion 10. Example C17 of the present invention
in

&d a tHpeTeURKpANUEY-GisAeter gorfion “16 if WHichtRe DUtepth was
digmeteratdhe end ofithe flutel length rwasi0. 19bmakcand e maXimium the
diagmetenf{0e ineaiy inoatpd L0 sxparpied:diameter REHBNAD Wah i ng
0.194 mm. Example C18 of the present invention involved a tapered
expandedifianfeéter Porist 10 iFwhidH e butsrdianteter Bt the elfePst e
flute dengthywas 19 mmeand drenvaxipisn diametes ofithednearbyrtapered

expanded.diameterporion 10 was 0,496 mel,.n gach ol fhese examples.a
bagl% tapering amount was 1.0/100 mm with the o%ﬁer Speci icatlgr%os. being
tHie- 8afe fas exampRSAPLe160 § FurtHerSas guideisle formitry, o BaRepeeT

milt farnforning ra guide hele-baving-the same speciications,as exanmple-&de

of the present invention was used to form guide holes having a depth of 0.2
R TS Greting e Sas BTG it Suciuation s examole 4. The
résullfs’dre ShowaTipeTableve. [e1&1p [Fables?] MagimuatAvepdge depth was

deep and when using the ball end mill to form guide holes, the
cutting chips become clogged, rendering it impossible to form
guide holes having an adequate precision. Consequently, the
small-diameter drill broke when drilling the 103rd hole, with
the precision of the drilled holes turning out to be: an average
hole diameter was 0.220 mm and an average interval between hole
positions was 0.265 mm. As aresult, it was impossible todrill
a hole having an acceptable precision, resulting in the breakage
of the small-diameter drill.

[0158] (Example 7)

Next, in relation to examples Cl6 to C18 of the present
invention, evaluation was performed on the effect of the tapered
expanded-diameter portion 10 of the small-diameter drill.
[0159] Example C16 of the present invention did not involve
a tapered expanded-diameter portion 10. Example C17 of the
present invention involved a tapered expanded-diameter portion
10 in which the outer diameter at the end of the flute length

was 0.19 mm, and the maximum diameter of the linearly tapered
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Outer diameter of Average hole interval Number of Sample diameter of
diameter between hole Straightness drillend holes number flute end
diameter large meter positions (mm) portion (mm) (mm) (mm) (mm) (holes)
Examples C16 0.19 0.190 0.203 0.254 0.005 200 of the C17 0.19 0.194
0.201 0.252 0.002 200 invention C18 0.19 0.198 0.201 0.252 0.001 200
[0162] Consequently, it turned out that examples C16 to C18 of the present
irsaPiotenle el ab e stably deill 2007e6les; 1&hibiting Brraxttenialy gdodhe
hple-eagisian, &urther 1 regarding-adribbaving gtapered expandedsdiameter
portion, cutting chiéos were sure!f\]/ pushed back into the qu}tle, thereby b
preventing i chilis fohT Getthid bittén o' the A8k ectioR. Ih Partictist®
example I018rof thedresentaniention showeeran fatbeplable stabilizedeniero
hole precision; k. an-ayerage, Hole diameter was,0,201mn an average <.
interval between hole positions was 0.252 mm, with a straightness bein
0TI i San™ &3afdmeRP§boaVATR 163 NExE, exthiPled B-and T ars e *
used do Explaiheanmethad Jor lperforming & stepriieee for performing a drilling
which is; 89,585,001 more fimes the diameter of 3 hole. [0164] (Examale 8),

Next, as examples C19to C24 of the present invention, a small-diameter dfrill
wWATYSER if tfich aBack tAFerfiig antoinit! sl 07100 TRt et diahetér
of at theendhof thedliute dength 804 9d4mmra maxdawnidiameterof a ineaty
tanered, sypanderkdigmeter nortion 10J50- 498, mm,.a0d s yoder negk o
length 17 is'10.3 mm. Other sgem ications were the same as example 4.
[GFBBAXamplé e 1956 thespreisent fivéntion, #iié baitet- peripheral corner
position]33 of the: small-diameter drill during a step back 30 was located at

+0.1 mm in the positive direction from the end face 32 of the entrance of the
drilled hole, sp Outer Maximum A hol Average
] diameter of | Average hole | interval . Number of
Sample | diameterof | e | diameter | between hole | ™™ | drillend holes
number flute end ) e
diameter positions
(mm) portion (mm) (mm) (mm) (mm) (holes)
Cle 0.19 0.190 0.203 0.254 0.005 200
Examples
ofthe |C17 0.19 0.194 0.201 0.252 0.002 200
mventionf ~101 019 0.198 0.201 0.252 0.001 200

[0162] Consequently, it turned out that examples Cl6 to C18
of the present invention were able to stably drill 200 holes,
exhibiting an extremely good hole precision. Further,
regarding a drill having a tapered expanded-diameter portion,
cutting chips were surely pushed back into the flute, thereby
preventing the chips from getting bitten into the neck section.
In particular, example C18 of the present invention showed an
acceptable stabilized micro hole precision, i.e., an average
hole diameter was 0.201 mm, an average interval between hole
positions was 0.252 mm, with a straightness being 0.001 mm, an
extremely good value.

[0163] Next, examples 8 and 9 are used to explain a method for

performing a step feed for performing a drilling which is 50
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that step feed was repeatedly performed at a position capable of allowing the
drill to exactly move away. In examples C20 to C24 of the present invention,
the outer peripheral corner position 33 of the small-diameter drill during a
step back 30 was located in the hole drilling direction from the end face 32
of the entrance of the drilled hole, so that step feed was repeatedly
performed at positions which are -0.04 mm to -0.22 mm in the minus
direction fromthe erldefade8Z bftheéntrahee cof-the drilled hole. [0166] As
test congditians, guide fiples were drilled in succession at a pitch of 0.25 mm
between hole positions on one_ surface of an SUS316 material serving as a
work plece: frrgesn C5Raf-didhetsr dfifl was used B diFE0 thibligh-hdtes ©
hawingl -adielecdiametetr bf 012 mnsaddia hote depthtefckO ame k.endhenhiote
depth was 50 times the,ddlled;hole.diameter. Besides, .2 fagding speed.of 1,

the small-diameter drill during non-drilling was set at 3 m/min. A ball end mill
fordriting Guiidholds BRI HEVing tha™§ame specifiGations a8 Texampfd 16t
thexpresint -iventionnas-tisech toodrilguide holeshawingraidepibiodf De2gth

mm, the ﬁed%pﬁﬁ‘?m’t%@%@eéﬁ@a drilling; and eyaluation as.56 Q,example 4.
The results are shown in Table 8. [0167] [Table 8] Outer peripheral corner

Oltter peripheral corner Average Average position of small- position of small-
intenved Numher ©f SarmplecholecSiraighmesssarilte nichchameter, drith&oauthe
diametergedrrgl /diameter betvgal%n ter holes of a

Wk e of <reall et T poGihans (hy radich (ore) ) rat
(RoRs§PCATFH. £6 -035° 01208 ©226810 .01 1150m 20008 ¢2 L Y68 3. 268t 1on
0:009.50r=xamples €2130.06 G.840.205::255 ,805rk0 wf thedaventien G22
019.020:204.2.£33 9923 28, &&3 Q8PP 4% 0238 0:9R R apanie
of allowing the drill to exactly move away. In examples C20
to C24 of the present invention, the outer peripheral corner
position 33 of the small-diameter drill during a step back 30
was located in the hole drilling direction from the end face
32 of the entrance of the drilled hole, so that step feed was
repeatedly performed at positions which are -0.04 mm to -0.22
mm in the minus direction from the end face 32 of the entrance
of the drilled hole.
[0166] As test conditions, guide holes were drilled in
succession at a pitch of 0.25 mm between hole positions on one
surface of an SUS316 material serving as a work piece. Then,
a small-diameter drill was used todrill 50 through holes having
a hole diameter of 0.2 mm and a hole depth of 10 mm, i.e., the
hole depth was 50 times the drilled hole diameter. Besides,
a feeding speed of the small-diameter drill during non-drilling
was set at 3 m/min. A ball end mill for drilling guide holes
and having the same specifications as example Cl of the present

invention was used to drill guide holes having a depth of 0.2

mm, thereby performing the same drilling and evaluation as
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C24 -0.22 1.1 0.208 0.258 0.010 50 [0168] The results of examples C19 to
C24 of the present invention can be concluded as follows. Namely, even if
50 holes were drilled, the drilling process turned out to be stable, with an
hole precision being acceptable. Namely, an average hole diameter was
0.210 mm or less, an average interval between hole positions was 0.260 mm
or less. Particularly, examples C21 to C23 of the present invention have
showncexarémely goodaeshits: arcavérage HoleTdiaaretér of all drilled holes
wes1@.205 mgn ok Igss, an average interval between hole positions was

0
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Llu_atiorﬂ-ﬂr he reéults arlalshovyn in0BPO [Tahres9. [02.70] [Tabie 9]
SP&f&’gﬂf feeding Average hole %V%ﬁgfe'é‘t%@' Numbey of fs_%@gllepfesdent
small- drillen

lameter driﬁeStralgﬁtness diameter between hole positions
hoTese Muhhe? HuRRgROT-BR MY I Afih) (fm) (AT mT Eeled) B2 s
0,208 %1260 1:011:50 dxamples £26:18s0:205 8:266t0:Q06L50+0fthe G/t h
2.0 0,204 0.254 0.004 5

precision

test and €343

geing acceptable. Namely, an average hole
diameter was 0.210 mm or less, an average interval between hole
positions was 0.260 mm or less. Particularly, examples C21 to
C23 of the present invention have shown extremely good results:
an average hole diameter of all drilled holes was 0.205 mm or
less, an average interval between hole positions was 0.256 mm
or less,

[0169]
Next,

and an straightness was 0.005 mm or less.
(Example 9)

in examples C25 to C29 of the present invention, 50
through holes were drilled with the drilled hole depth being
50 times the hole diameter. Using the same specifications as
example 5, the outer peripheral corner position 33 of a
small-diameter drill during a step back 30 was located in the
drilled hole direction from the end face 32 of the entrance of
a drilled hole at a position of -0.1 mm, thereby repeatedly

performing the step feed. Meanwhile, a feeding speed of a

small-diameter drill during non-drilling was changed, a ball
end mill for forming guide holes and a small-diameter drill as
used

in example 8 were employed, thereby completing the

predetermined test and evaluation. The results are shown in
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invention C28 4.0 0.205 0.255 0.005 50 C29 5.0 0.208 0.259 0.010 50 0171]
The results of examples C25 to C29 of the present invention can be
concluded as follows. Namely, even if 50 holes were drilled, the drilling
process turned out to be stable, with an hole precision being acceptable.
Namely, an average hole diameter were 0.210 mm or less, an average
interval between hole positions were 0.260 mm or less. Particularly,
eXalmigte§ C26 to C28 of the present invention have shown extremely good
rgsultsy jan average hole diameter of all drilled holes was 0.205 mm or less,
an average interval between hole positions was 0.256 mm or less, and an
raightness vasu0f&mmm &L%‘Z’?hoh%’”ﬂ FIG. QthGFws a Crogs secrion.o

nmber of.,

woPkplece [thatiwaseariied Using.a tiilling methad.of rsresent tyapiio

| and
CTIad

o ieg-a-gutde-helein cutthy)
Hige diaridter of 0. 54mm. a hafl-83ting_edg®?hd an hufderipheraPouttigg
Ggewitli 2 length 69 the outeP-gripheral cti#fihg edge b2A98 1 mm, Frelief
gleheof 022 jouter peripheral coitidg edge beirig 15 degrea®sand an souter
diaMieer ofghe shamk being|4 mipos [0173] Acreall-diametesadrill [36 fogguse |
micro degfy hole gglling wWas pegpared whigh jnciudes tyg, gUting egges,

having—adiameterof -5 mm, = flutetwistangteof S6-degrees;aweb

th['%linﬁsjs of (Phle75rrensm £%g%o f '[Q}FZ‘ qrp"lglsan&eé r)t’oa éggnko?uﬁzel{ess_qresent
diameter of 3 mm. In detail, a flute f‘er}ogth was 2.5 mm, a back tapeﬁng

ambiiitwas £or1bo ArcantrAct disthérat theadiid Yof e fluté Ehgthles
WasrQ.4if5 mmg a maximumidiampterefs lineatlys tapered be stable, with
expanded-diameter was 0., 495,mm. 2 neek diaetet was. 0475, mm. an,
under neckﬁengt]h iS"40.5 mnT, and & tip angle was . Tﬁll‘?X]eﬁs?es

niEthsd t tHe WsalleePdnhill e sceribed sebeverwas adsethtocdrilha jaidesihold ohe
ope surfagesof,a work piecensd Jpadeof SUS304 matgrial, with thefarmed s

guide réole h%vin% a hole diameter of 0. 5 mm, a hole depth of 0. 5 mm and
toC23of ¢ F esent inventionhave shownextremely goodresults:
an approximately

an average hole diameter of all drilled holes was 0.205 mm or

—

mm mm

fr\rmlv o0 o nﬁ}{l haolall
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ahd BR%ctual 168 iekilirethe hote-dritting-process—inithetest
Ny i A

e

e

=)

less, an average interval between hole positions was 0.256 mm
or less, and an straightness was 0.005 mm or less.

[0172] FIG. 19 shows a cross section of a work piece that was
drilled using a drilling method of the present invention and
an actual tool used in the hole drilling process. In the test,
a ball end mill for forming a guide hole includes two cutting
edges having a cutting edge diameter of 0.5 mm, a ball cutting
edge, and an outer peripheral cutting edge, with a length of
the outer peripheral cutting edge being 1 mm, a relief angle
of the outer peripheral cutting edge being 15 degrees, and an
outer diameter of the shank being 4 mm.

[0173] A small-diameter drill 36 for use in a micro deep hole
drilling was prepared which includes two cutting edges, having
a diameter of 0.5 mm, a flute twist angle of 30 degrees, a web

thickness of 0.175 mm (35% of the drill diameter), a shank outer
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hemispherical bottom surface. Then, the small-diameter drill 36 for drilling a
micro deep hole was used to drill a through hole 35 having a hole diameter
of 0.5 mm and a hole depth of 40 mm, i.e., with a hole depth being 80 times
the hole diameter. Further, the outer peripheral corner position 33 of the
small-diameter drill during a step back 30 was located in the drilled hole
direction from the end face 32 of the entrance of the drilled hole at a position
ofligutahay, therébyperfornsingaa hole drilling By repéating & steprfeed. back
[QL7R]As testconditions, hoth a ballgnd mill for-forming ra guide hole anda
small-diameter drill were used to perform a wet cutting, with number of
r&Volitions befng g 550 1in-1; “d fe8ling r%%éé%“e?ﬁgagﬁﬁtrﬁ minif, a Seppiig
anrargeee step Behgl 02025 smmisstep, difdranfeedingkspeadasfetheras 0. 475

spall-diameter drll 36 duyring,nog-dglling heing, 4 m/mig. Aierwards, {he -
drilled work piece 34 was cut so as to observe a cross section of a drilled

hof: [6176] %A% taRbESERATroM FIE 19, ThE Brebent iVt niafd < tofe

dti_la‘.ieﬂg poss_ibt'elwhécmmmﬁhelwismnohpossibf@tm aprier am@imrﬁ 4
uging.a cHtling process. Lhe aboye dest proyes that (e present invention, .

can even drill a through hole having a depth which is 80 times the hole
distEter BYGitintiZzifg “the coRditiB IS BE pérfdtmirty & Step féBR I PRUZAGSIhY
the-methad rat-tie present nvention, it heeomeshpossibla toideitharheleib 01
eyen if a drill. has a diameter of 1 mm or,less and a hole has .an L/D, ratio of

i e et R e T Lo e
diftikgy & thiorigh Rofe, MAtFreferdriéeto ekampledr (Padd 21 ofthe PresSert
inventign i [QL7 8l (Example110) Een hshewssanextedarndens ok aji ameter .
spuarIIE%igmetecrh%rillOltused in mlic%oegg(ip hole %@Ilin in.%qoe%(anggle og th

r ute er orn S the
presen Invention as Weﬁ ag n apcomparaﬁve exa ?e.J]n an example of the

pEESEnt iAveniore andra Eomiparbtivea step back 30 was located in the

drilled hole direction from the end face 32 of the entrance of
the drilled hole at a position of -0.1 mm, thereby performing
a hole drilling by repeating a step feed.

[0175] As test conditions, both a ball end mill for forming
a guide hole and a small-diameter drill were used to perform
a wet cutting, with number of revolutions being 9,550 min’?t,
a feeding speed being 28 mm/min, a stepping amount per step being
0.025 mm/step, and a feeding speed of the small-diameter drill
36 during non-drilling being 2 m/min. Afterwards, the drilled
work piece 34 was cut so as to observe a cross sectionof adrilled
hole.

[0176] As can be seen from FIG. 19, the present invention made
a hole drilling possible which was otherwise not possible in
a prior art even when using a cutting process. The above test
proves that the present invention can even drill a through hole
having a depth which is 80 times the hole diameter by optimizing
the conditions of performinga step feed. Thus, usingthemethod

of the present invention, it becomes possible to drill a hole
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example, a small-diameter drill 1 was used to drill micro deep holes. Such a
small-diameter drill 1 has two cutting edges, a drill diameter of 0.3 mm, a
flute twist of 30 degrees, a web thickness of 0. 105 mm (35% of the drill
diameter) , a shank diameter of 3 mm, a drill section length of 1.48 mm. In
detail, a flute length was 1.5 mm, a length of an expanded-diameter portion
was 0.05 mm, a maximum diameter of an expanded-diameter portion was
0298'mif, a bacdk fapering atnenst-was. 51100 em, teAsck séctiopnole has

diametes was 028 mmpan_under neck length was 9.1 mm, and a tip angle
was 140. [0179] As test conditions, guide holes were drilled in succession on

oné’stittace 615U SI0ABIORK TH&EHEI S&viNG 98" & Workipiecs, aThalner
suchahat thendriledrguidehdles eachi tad aftepth of 0.2 mraantdesetd and

sgga@gegﬁ@rﬁ%%omgt@&@ph of 0. 2 mm, using a ball end mill for
uide holes, having two cutting edges, a cutting edge diameter of

drillin
O.[é}jS9 m, 4B EUfing €dge radius R of 0.15 mm, a ball cutting edge, an
outer peripheraktuttingaedge; @ outersperipherakcuttingl edgenlength o031

mm, an.oufer, peripheral cyiing gage religf ;angle of 1xdearaes,and a shank

section outer diameter of 4 mm. Afterwards, a small-diameter drill for micro
deBPHOIE CdriffifigFds us&d 18 dtilltfBIgH hotss EeHihavng a hole

diameter of ©.3:ranpand@r hoteedeptiseh?.5 mMranteg @ dribed 6o dwola depth
15,23 fimes the guting edge diameter, Then, hoth, the ball endmill and the .,
smaﬁﬁglameter gﬁ‘] were useql to pefform .a wet cuttlng Wltf'l num er of
ré\olGions Bethg 25000 itk Eretfeeding SpeedI5eing S0 frhirhie &tP&s-
stepifeedingiameunt per step hejng G033 tam/step: [0280] lnexaraplel ofitbe

presentinvention, a smalldiameter, dril wps guided by a preformed. ayide
hole, andeﬁy repeating a étep feed shown in F1G. 27, d?iﬂing was performe
sé thatnthe pehectidtion fenigth 39 of thesmbll‘dianteterdriflesii b3 mkte

I.eq crilling as perfarmed sndit the smallkdiametes diill o Reateudgs A: 23 Mms
frg% ghr%mhotae}nlgx%?nrggag?gxgteé(l?'rgglgn[)gxsphaorygl%d—diameter portion was
0.298 mm, a back tapering amount was 0.5/100 mm, a neck section
diameter was 0.28 mm, an under neck length was 9.1 mm, and a
tip angle was 140°.
[0179] As test conditions, guide holes were drilled in
succession on one surface of SUS304 block material serving as
a work piece, in a manner such that the drilled guide holes each
had a depth of 0.2 mm and were separated from one another at
a pitch of 0. 2 mm, using a ball end mill for drilling guide
holes, having two cutting edges, a cutting edge diameter of 0.295
mm, a ball cutting edge radius Rof 0.15mm, a ball cutting edge,
an outer peripheral cutting edge, an outer peripheral cutting
edge length of 0.3 mm, an outer peripheral cutting edge relief
angle of 15 degrees, and a shank section outer diameter of 4
mm. Afterwards, a small-diameter drill for micro deep hole
drilling was used to drill through holes each having a hole

diameter of 0.3 mm and a hole depth of 7.5 mm, i.e., a drilled
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INFIG. 28, drilling was performed so that the penetration length 39 of the
small-diameter drill was 0.1 mm, i.e., drilling was performed until the
small-diameter drill protruded 0.1 mm from the hole. [0181] For evaluation,
as many as 100 holes were drilled. Then, a reference pin was inserted into
each of 1-99 holes to check whether the reference pin could smoothly
penetrate these holes. Subsequently, the 100th hole was cut apart and a
finishedswtface sralighinesss of tive inrtdrisurface of thehole was Fieasuredth

anddhe inaewsurface of the baleiwag Qbservediusing.a-scaming typer form
electron microscope. The results are shown in Table 10., I];0182] Table 10],

Sl “Tést Teslis Bt Micke 8D ole diting” diamatdi hVaivea Maxitiin
Gylinekicah M wpber dbholes Bratedfthie number Unider heek drill lamgent per

digmeter of Roughness,of Sample portion t rough which the inner surface
Ienﬁgl%gnetration diameter Iarge diameter reference pin the inner surface

oft th (Rrfi affolint POrtiBRPIENGER pdrtivh o the 100t hote GAm =~
(¥es/No)wz9 (mmaiedu@pas§ﬂmf@(heles§fuﬁame Emmpl_es@f@i 34rk58iYes
0.0.298,96:N0,0.9, fhe inyention unevepness ; é’%@f giive 2 9.5 0.10 Xes
0 0.298 10 unevenness 2.48 examples [0183]é s a result, in the drilling
nietRderased it exantpled Bt ofthefpréSertmbention™ s refefentelpitfwds 23

smgothly insarted16iDato gachaf@aiholes. The-reughness ehtheinaer 11

surfage ocfl th@ th t}ole was Qﬁg m, ich is an e>t<tremel}y %oqd Ba}lu%.
e e R R A A0S Y

héfetteihe’ xif'38 bf Hote! Hiere Was ReLhevermiess aRa tHus EXIbiting &an’
extreprelyrgoed hole pregision: [01841 FiGs29 shaws inner. sudace arggs.efa
dg&%@é%%%&%%&jj_the small-diameter drill protruded 0.1 mm from
the hole.
[0181] Forevaluation, asmanyas 100holesweredrilled. Then,
a reference pin was inserted into each of 1-99 holes to check
whether the reference pin could smoothly penetrate these holes.
Subsequently, the 100th hole was cut apart and a finished surface
roughness of the inner surface of the hole was measured and the
inner surface of the hole was observed using a scanning type

electron microscope. The results are shown in Table 10.

[0182] [Table 10]

Small- Test results of micro deep hole driling
diameter | Involve a el Maximum
Under neck drill large- Cylmc!rncal diameter of Number of.holes ‘State G Roughness of
Sample ) . . portion . through which the|inner surface .
ength penetration | diameter large diameter . the inner surface
number . length . reference pin | of the 100th
(mm) amount portion? () portion could hol of the 100th hole
(mm) | (Yes/No) (mm) 1d pass o
(holes) — (um)
Examples of |y | g9 153 Yes 0 0.298 3 No 09
the invention unevenness
S:;;lﬁf:we D2 9.1 0.10 Yes 0 0.298 10 unevenness 248
[0183] As a result, in the drilling method used in example

D1 of thepresent invention, areferencepinwas smoothly inserted
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the middle and the exit of the hole in example DI of the present invention. As
can be seen from the photos of FIG. 29, a drilled hole in example DI of the
present invention produced a smooth inner surface near the exit and the
middle of the hole. The reason for this can be considered as follows.
Namely, an expanded-diameter portion having substantially the same
diameter as the drill diameter was able to scrub the inner surface of a drilled
holecandssticiv & Sérdbbing effectrcouldimipreve af inherisurface ravdgh ress

apdan et swface, pregision, furtherq1it ean e egnsiderad that driling & .
hole until the small-diameter drillé)rotrudes 1.53 mmfrom the exit of the hole,

it'id PodaiBit P 6BtAIn"E G8Sired S Tiing SRt VEM art BRlirE TRt duitfice
oBa thtobghehdle from thel hols emfrarndesto the helerexitn J0A85] Om dve otiner

hand,in.the drilling methad.used in the, comparative.example,.D2,a
reference pin was smoothly inserted into 10 holes, but the pin failed to insert

int8 tHé drifed holes okt the L Holt Gwdrateau et dot Stuek|if ™
middleniofthesenhotes: Moteover; therolighhess:efithiesimier surface refthet

100th. drilled holg was a3 PAIas 248 E%[%%%% €M MBGYENDESSWAS 1164

confirmed near the exit of the drilled hole. [0186] FIG. 30 shows inner

shiffage’dreusedrd Arile dPhold ReBF RBTHIddIEHHd e BRRGf T7€ Hole™fPfHe
drilingrmethad ddsed - theheomparativiel exampleda2 edolingnsas pesfornted
untll, a.small.diameter dril protrydes only, Q.1 ram fromythe exit of, the hole, ,
As aresult, an expandea-dlameter portlon%avmg almost the same diafmeter
aStRe tHHCHiaATEteF frereRsbilé 18 scriib ViHinrigrstirfatiel flithe dfiffed hotge
therehy impegving-the 162 Q innerisirfage.0ndhe ethenband, 8t ah-aygameas

the_exit not hayi uch a scrubbing effect, the tool wore away so that the
e L B T B 8%
hénge resulfing inra Vargessii faee FoUghiess L0087 Next idestriptidivwilhbe

givenda explainsanexample: as example 4. for optimiziagthe shapeefee -
t%qgl]c?'idggllor’]c uadtehsrolu.%@ I?n(r)rllef'rom the exit of the hole, it is possible
toobtainadesired scrubbingeffect over anentire inner surface
of a through hole from the hole entrance to the hole exit.
[0185] On the other hand, in the drilling method used in the
comparative example D2, a reference pin was smoothly inserted
into 10 holes, but the pin failed to insert into the drilled
holes fromthe 11th hole onward because it got stuck in themiddle
of these holes. Moreover, the roughness of the inner surface
of the 100th drilled hole was as poor as 2.48 um, and even
unevenness was confirmed near the exit of the drilled hole.
[0186] FIG. 30 shows inner surface areas of adrilled hole near
the middle and the exit of the hole. In the drilling method
used in the comparative example D2, drilling was performed until
a small-diameter drill protrudes only 0.1 mm from the exit of
the hole. As a result, an expanded-diameter portion having
almost the same diameter as thedrill diameter were able to scrub

the inner surface of the drilled hole, thereby improving the
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[0188] (Example 11) Next, as examples D3 to D9 of the present invention
and a comparative example D10, test was performed to optimize the shape
of a small-diameter drill 1. [0189] As test method, this example employed the
same specifications as example DI of the present invention, using a
comparative example D10 not involving an expanded-diameter portion, an
example D8 of the present invention involving an expanded-diameter portion
withng maxinfagmediarietéhef 01288 mandand a kengthesf 095 e agrexantple

DY.0f the present kwventign,having ap expanded-diameter postion wWith@ the
maximum diameter of 0.285 mm and a length of 0.15 mm, and examgles D3
to Y751 T “iresnitGATEntiBHIR which Cg%ﬁ)aeﬁid%-d%}ﬁgfeer}npeosrﬁon Rrigth
insheding & eylardricad portio is-0.15 iremde 085 Mes i.equatcyindrical

Portiarylength,is 0. Joom 10.0.8 mi: and,an,under neck length is,9.2 mmite,
9.9 mm, thereby performing the same drilling and evaluation as example 10.
The st &re’ sholrt i e 1163 101967 FPable ilﬁ%ﬂlﬁé@ﬂié&ﬁ@
ofmicro degp hole<driling Involve a Maximum diameter Under neck large
L%g%(?f Nrm;g%lg){@olﬁ )Stateofthc Sample drill cylindrical diameter of
through which the inner surface Roughness of length diameter large-diamctcr

the innéfSurfate REATBESTedetratior poftort fsferéricE pin SRMERGSIN (MR
partiond postiar of ¢had0th iole €100 WEBM)<(tlany) cotld passthale amonat

msrmégholgjg) rg)n 39,2163 Yes 0.1.0.298 99 Smooth 0.7 D4 9.4 1.83
Yes 0.3 0,298 99 Smooth 0.6 D5 9.5 1.93 Yes 0.4 0.298 97 No 0.8
uhevéfhess As test method, this example employed the same
specifications as example D1 of the present invention, using
a comparative example D10 not involving an expanded-diameter
portion, an example D8 of the present invention involving an
expanded-diameter portion with a maximum diameter of 0.288 mm
and a length of 0.15 mm, an example D9 of the present invention
having an expanded-diameter portion with a maximum diameter of
0.285 mm and a length of 0.15 mm, and examples D3 to D7 of the
present invention in which an expanded-diameter portion length
including a cylindrical portion is 0.15 mm to 0.85 mm, i.e.,
a cylindrical portion length is 0.1 mm to 0.8 mm, and an under
neck length is 9.2 mm to 9.9 mm, thereby performing the same
drilling and evaluation as example 10. The results are shown

in Table 11.
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Examples of D6 9.7 2.13 Yes 0.6 0.298 97 No 0.8 the invention unevenness
D7 9.9 2.33 Yes 0.8 0.298 90 No 1.2 unevenness D8 9.2 1.63 Yes 0.1
0.288 93 No 1.0 unevenness D9 9.2 1.63 Yes 0.1 0.285 88 alittle 1.4
unevenness Comparative D10 9.1 1.53 No 0 A lot of 5.5 examples
unevenness [0191] As can be seen from Table 11, in the drilling method
using the examples D3 to D9 of the present invention, it was possible to
inserPa refergimdel pinlsmoothly into 88 holes. Particularly, in examples D3

HcOE ranao-—nian

apd-bD4-of-the present Rvention; itwaspossible-to ;'ﬁsﬁé&mﬁmf@%f&b‘ﬁél'&aﬁ@
smoothly im[o all of Qﬁﬁpla@volﬁwta%ﬂ WithithereXxample D41 afihe. present
inverttion, the'tqlighness of siE.inmersurfatE b the 100t Hole exhibits Si.
ektremely gpotiresuit.of0 eprt TRis)S perrfaps begause thewgylifdricst e
portion produced a|refifarkable scrubbing effect duringsa dfilling pfocess.
[Q192] Fueheroin exampple| Dv.Of the preseptdnventiony singes.a.gylindrigal
pprtion was reiativ&iyli%ng a_scrubbed surfacearea became targe, so that

the roughl%qq bf the inher| sutfade &f the 100t drilled hold alSe becamie

Igrge. On 2khe cther|han/d, in @xampbe DY ofise presetit inventida, the 03
nmbeirot)f)polgs, throygh whigh a refgerenceg gin gouldynsert iskewer than
et exs mptes—ofithe-inventionTheregson-forthiscan bt:uﬁg?ﬁwas?c ered-as
fdllows. N&mef? sinc&*helmSximunt®didméEtdt oflthe Bxpanded:diametér
pprtion ig G&P5¢imes thee drill diameter, the cckearance%®f the maximum 10
dlameter|gf thg expandged-digmeter 54 O pqdion with tespect touthe dril],
diameterisslighth-larger—than-otherexamplesof-the-nver L‘.‘qh‘;—bTee—
omparative . lot o

resuiing [Fi%h Siightly Weak stfublbing effect {0193] OB the |otherhiand > was
n?bggﬁ?ﬂﬂegglgggr % seen from Table 11, in the drilling method

using the examples D3 to D9 of the present invention, it was
possible to insert a reference pin smoothly into 88 holes.
Particularly, in examples D3 and D4 of the present invention,
it was possible to insert the reference pin smoothly into all
of 99 holes. Further, with the example D4 of the present
invention, the roughness of the inner surface of the 100th hole
exhibits an extremely good result of 0.6 um. This is perhaps
because the cylindrical portion produced a remarkable scrubbing
effect during a drilling process.

[0192] Further, in example D7 of the present invention, since
a cylindrical portion was relatively long, a scrubbed surface
area became large, so that the roughness of the inner surface
of the 100th drilled hole also became large. On the other hand,
inexample D9 of thepresent invention, thenumber of holes through
which a reference pin could insert is fewer than other examples
of the invention. The reason for this can be considered as
follows. Namely, since the maximum diameter of the
expanded—-diameter portion is 0.95 times the drill diameter, the

clearance of the maximum diameter of the expanded-diameter
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reference pin into any of the drilledholes in comparative example D10. As a
result, a lot of unevenness occurred over the inner surface of the 100th
drilled hole, and surface roughness became as poor as 5.5 pm. The reason
for this can be considered as follows. Namely, since there was no
expanded-diameter portion involved in comparative example D10, the
small-diameter drill was unstable during a drilling process, and the cutting
chipst got bitieér i ¢ise dote thehbe résuliihgirrastorselstraighthéss, [0194)r

Next.-example 12 will bedised torexplainan example fevaluating ayeaming
effect in a case where an_expanded-diameter portion at the read end of the

dritt s&3tiod HE8% &yifndrikal BoftforWhose diameter is approximately the
samiePas the Anll drametere J0185]d Exampiesl 2)oA testswab tartied out¢o dril

apddradeepole hayving, ar LR ratio; 9£80,which;was pot possiblednpriore

art. FIG. 31 shows a small-diameter drill 46 after being used in the test and
a8k pleté 4575l bethd Chit Ghel 6T9BFAS Example DL 6F thé pre8BRt
inventione a fsniadl-tisimeter diill &b forlesedndnicrofdeeprolgidritlingbecame
comprised two gutting edges, wherein,a drill dimeter was.0.5, mm,a fyte, .
twist angle was 30 degrees, a web thickness was 0.175 mm (35% of drill
diaméters, -a SHahk diamefsr walSs it & orilf Settiondefg i Was 248 i a

fluteslength was b hpam, v € xpangded-diamete hpostien lerpthnneluding a1 1
cylindrical, portion is 0,15 mm, i.e,,.a cylindrical portion length was 0.1 mm, a
e D o) e i, cihiB
gitle porticn was iseatedCat 250 At aRH-S.0'HmM Frorm hé Scuitififg edgeTs -
they neck section; a backtapering anaumavas &5 @ .5:400-mi aa negkmpl e
dgagneter vz)as g..48 mm, an under neck %tjg was 43 mm,a%r%d a Ijap angle

was 140.70197] AS test conditions, a ball @hd mill for forming a gtiide hole™

wWasRasete to- edateiicusiycdrill gnide Holesradpite off (.2 ohlopection
syHace ofa werkipigce A of SMS304 datelidlcer is approximately the

same as the drill diameter.
[0195] (Example 12)

A test was carried out to drill an ultra deep hole having
an L/D ratio of 80 which was not possible in prior art. FIG.
31 shows a small-diameter drill 46 after being used in the test
and a work piece 45 after being cut open.

[0196] As example D11 of the present invention, a
small-diameter drill 46 for use in micro deep hole drilling
comprised two cutting edges, wherein a drill diameter was 0.5
mm, a flute twist angle was 30 degrees, a web thickness was 0.175
mm (35% of drill diameter), a shank diameter was 3 mm, a drill
section length was 2.48 mm, a flute length was 2.5 mm, an
expanded-diameter portion length including a cylindrical
portion is 0.15 mm, i.e., a cylindrical portion length was 0.1
mm, amaximumdiameter of the expanded-diameter portionwas 0.498
mm, the guide portion was located at 4.0 mm and 8.0 mm from the

cutting edge of the neck section, a back tapering amount was
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The ball end mill was provided with two cutting edges, having an edge
diameter of 0.495 mm, a ball cutting edge radius R of 0.25 mm, a ball cutting
edge, an outer peripheral cutting edge, wherein an outer peripheral cutting
edge length is 0.5 mm, an outer peripheral cutting edge relief angle was 15
degrees and a shank section outer diameter was 4 mm. The guide holes
were thus continuously formed until each has a hole depth of 0.3 mm.
Afterwalbds e smalieligmeéterndtilf 16fos Usedih micredeepdrotendrlingewash

used ta drifithraugh holes.each; havingsa hole .diameter of 0.5 mm and a hole
th of 40 mm, i.e., a drilled, de%)th was 80 times, the cuttin%\?edge diameter.

de
[0198] Both te ailfend nfiFand the shial-diaméter ariPie™ Wéte (adts <
pedbenva svetseutting, wath- hnomber lof révolutionsi &¢ 1O n-b, afeedingt

speed.at 30, mmimin,.and-a step feqding @i@%@n%@e@t%%%@@ﬁn%@{%ﬁ-.

[0199] As a drilling method, each preformed guide hole guided

. the .
shisil-Ofame Bt umit 46. B&SsRORKIRTIC 127 by Peffing %a Stéf faed2vind
da:ﬂi rmiwasmenf@rmed_csﬁ tha; %pmmetratﬁomllen@mlﬁtaal@féldgesmaldﬂ_rﬂiemmelf
gl 46 4@ 2.63 0B & illing, was Refaimeunilthe smaldiamelss.,
drill 46 protrudes 2.63 mm fromthe exit of a drilled hole. [0200] For
eVaREtioh, 30 RBleswete triledaind aretéiericd pin wWas thsertdd thidgli™
each«f therlistie 29thdoales to chegk whetber dhe pinweosild passstheedghnd
the holes smoothly, The 30th dilled hole was gt open. andthe finished, .,
surface roughness of the inner surface of the hole was nieasured and the
inets@Face nofthe Holerwas bbsérveFasing aséanfiry efedtfoat 0.3 mm.
mierasepped shhe sesults-are.shewn i Table d2.66.Q {020%i[dableskl] nole
Sér]l:eilé%l'rest results of micro 9??9 hal g(gillli%goﬁiafneter Invyolvea .Maximl*rl1

Lehgi-of Bnder nack aril arge: Nurtbier bTbolec Siats bithe Rtgness of°
Sampletiengtt ngtty penetration dimetstargedi dflindrical eter tivotighl Led
Which the ner sWages the cutting edge diameter.

[0198] Both the ball end mill and the small-diameter drill 46
were used to perform a wet cutting, with number of revolutions
at 7,000 min?, a feeding speed at 30 mm/min, and a step feeding
amount per step at 0.05 mm/step.

[0199] As adrilling method, each preformed guide hole guided
the small-diameter drill 46. As shown in FIG. 27, by repeating
a step feed, drilling was performed so that a penetration length
39 of the small-diameter drill 46 was 2.63 mm, i.e. , drilling
was performed until the small-diameter drill 46 protrudes 2.63
mm from the exit of a drilled hole.

[0200] For evaluation, 30 holes were drilled and a reference
pin was inserted through each of the 1st to 29th holes to check
whether the pin could pass through the holes smoothly. The 30th
drilled hole was cut open and the finished surface roughness
of the inner surface of thehole wasmeasured and the inner surface
of the hole was observed using a scanning electron microscope.

The results are shown in Table 12.
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the inner surface number amount portion? potion portion reference pin ofthe
30th (mm) 30th hole (nun) (Yes/No) (mm) (mm) could pass hole (holes) -
(bun) Examples of D11 43 2.63 Yes 0.1 0.498 29 smooth 0.9 the invention
[0202] As can be seen from Table 12, in the drilling method using example
D11 of the present invention, a reference pin could smoothly insert into all of
29 holes. FIG. 32 (a) shows a state of the inner surface of a drilled hole near
it$ @xitlih eXdmplee D21 of the present invention. [0203] As can be seen from

thephotoof FIG 32 (@) mrexampte—Ditof thepresgntinvententtssmme
sprface of the drilleddede e its, gxit,.showsa SMQQIR STace: &N the othd

hfnoggggrs a |Cmpafison.sHoWhiin tHe-phole oF k Brap() rsemeallet. s
"dragonfly maétining’as g;g;;;gtc ea by efgittric|discharge] machiffirig’ thet
means holel making was performged from both sides ®&a work piege anéb
epelvholgs;weke thenpgpnnegted|sooas to fgrse al thromgh WOI&J;W the o9
nﬁ‘fr‘ﬁ‘/ﬁ“ﬂ?“ o b ek fallonalad s tasiea aldatrin Aol ae s oo g oo e
eAcTrTT U’ TTO VWIS TUIMUVVCU lJ_y VVITCO CTICULNITIC Ulo IIG.IUC ILRLLZAYZ R LLILLA LI LA~
throzighlholerto obtaihaa finishet dholeaRhdnhey surfacesofia drilléddoletisod

showpgn £ Aﬁ??i% ®1: Hssanalse becopfimedrom thephatg of FHEG 32 (B)

, an abnormal layer of an electric charge processing occurred on the inner
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Namehs therpresent iaventanamakeslié passikientos achieve:a microditiaple
dS?? hO e riellir:i%\év;tgn%n H}Q] er%tcici or1; 80 or more, which was otherwise
impossible to achieve In prior art, ﬁ1e’reby rendering it possible to perform a
hoR2drlling AfhflereRsutirRrahtiffier sufacs precision-of a drillediRote Wiithie
anexegllemaangss dindustriahApplicability: 6 A O-[0205] examples ofdpdustrial

filde.r whieh the smalglameter.deep hoje o7l of the presentinyentin, can

as a comparison shown in the photo of FIG. 32(b), so-called

=

“dragonfly machining” was conducted by electric discharge
machining that means hole making was performed from both sides
of a work piece and each holes were then connected so as to form
athroughhole by themachining, andwas followedbywireelectric
discharge machining in the through hole to obtain a finished
hole. An inner surface of adrilled hole is shown in FIG 32 (b).
As can also be confirmed from the photo of FIG. 32 (b), an abnormal
layer of an electric charge processing occurred on the inner
surface of the drilled hole, thus resulting in further large
unevenness.

[0204] Namely, the present invention makes it possible to
achieve a micro ultra deep hole drilling with an L/D ratio of
80 or more, which was otherwise impossible to achieve in prior
art, thereby rendering it possible to perform a hole drilling
whileensuringaninner surfaceprecisionofadrilledholewithin

an excellent range.

[Industrial Applicability]



applied include the processing of metal moulds or parts, particularly the
process of drilling extremely thin holes having a hole diameter of 1 mm or
less. Namely, the small-diameter deep hole drill of the present invention can
be used to drill not only a hole whose length is 15 or more times the hole
diameter, but also a blind hole or through hole whose length is 50 or more
times the hole diameter. In particular, the small-diameter drill of the present
inVetioh can drilkarmites deep hdledvanting aan LiDeratio ofiB0 oricre whith

was-athexnwisesimpossible e 1drillin priosarty I mare-detaih hetion can be
small-diameter drill of the present invention can drill water coolin%holes in

il TaRd protrusioR pinfol8S A a8 Tas e85 ApedidiioszIes of e fike
irrautomotive manutaeturirg field dndlin textite tindustry wihenehthere issaing

ngcgssity of driling thirner and,deeper holgg.in.arderitgachigve gieather o,
improved functions. Explanation of reference numerals 1 small-diameter drill

2Pt 3 cutting €do & 2R S il Sectioh &elk sefion"7 shark
sectiorn8 srakast-diarmetes portiohsof Smalhaizmetes poHiohodendoidther,

figte 10, expanded:diameter parfion. 1, fute Jenotn 12 peck;saction lspgth 13

guide portion 14 small-diameter portion 68 16 tip angle 17 under neck length
18 Maxindim-dianTeter pBRIGH of expaRdeddidneter pofiot A9 openifigte

anglel 1l of the present invention candrill amicro deep hole having
an L/D ratio of 50 or more which was otherwise impossible to
drill in prior art. 1In more detail, the small-diameter drill
of the present invention can drill water cooling holes in mold
and protrusion pin holes in molds, as well as special nozzles
or the like in automotive manufacturing field and in textile
industrywhere thereisanecessityofdrillingthinner anddeeper

holes in order to achieve greatly improved functions.
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20 work piece 21 guide portion 22 chisel 23 cutting point in a conventional
drilling method 24 cutting point in a method of the present invention 25
cutting point in a method of the present invention 26 outer peripheral corner
27 guide hole corner 28 predetermined cut 29 next predetermined cut 30
step back 31 step forward 32 end face of the entrance of a drilled hole 33
outer peripheral corner position 34 work piece 35 through hole 36
shfall-diameterIdrill used in a hole drilling process 37 entrance of hole 38 exit
of hole 39pengtration length of a small-diameter drill 40 scrubbed portion of
hole inner surface 41 step amount 43 inner surface 44 inner surface 45

work BieEa HHied 4 €6t op&h 46" mafi-diEREtEr drifl after beind GE&d i
dtilingp86rhioles a4iflength of guide portion 69 Claims 1. A small-diameter
degp holedrilk having a drill diameter of | mmor less, including a drill section
having cutting edge(s) and flute(s), wherein said flute has a length which is
af fleasts e and °at most 10 times the drill diameter; said drill section at
fiest shrinks=and then expands in

23 cutting point in a conventional drilling method

24 cutting point in a method of the present invention
25 cutting point in a method of the present invention
26 outer peripheral corner

27 guide hole corner

28 predetermined cut

29 next predetermined cut

30 step back

31 step forward

32 end face of the entrance of a drilled hole

33 outer peripheral corner position

34 work piece

35 through hole

36 small-diameter drill used in a hole drilling process
37 entrance of hole

38 exit of hole

39 penetration length of a small-diameter drill

40 scrubbed portion of hole inner surface

41 step amount

43 inner surface

44 inner surface

45 work piece drilled and cut open

46 small-diameter drill after being used in drilling 30 holes
47 length of guide portion
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diameter, changing said drill diameter from a drill cutting edge toward a rear
end of the drill section, an outer diameter of the drill section at the end of said
flute is at least 0.9 times and at most 0.98 times the drill diameter; an
expanded-diameter portion is provided between said drill section and a neck
section, having a diameter which expands from the outer diameter of the end
of the flute up to 1 or less times the drill diameter; said neck section is
connected with a shank section and traisra diameter smaller than the drill
diameter and a length which is 10 or more times the drill diameter. 2. A
small-diameter deep hale drill having a drill diameter of | mm ar less, ,
including & drilfse&fidn hatiig chtting” edigels) ahd fidtets) dhetdinsaid filte
hasankengthowhicimisrat ¢east brtmes amd aatmodt déctimes tlaer drilt disrmetey;

saigdrill section basia smallegi;diameter portion in the middle of drill section
longitudinal direction; an outer diameter of the drill section at the end of said

flute is at RSt 079 tinfed andatRBet 6.98 times the drilt Hideter; 'dFs 2nd
expanded-diameterportion iSyprovidedaktherrear end of the drill section,

having a diametgr whichexpands from.the 0,9 puter diamgter ot e gnd;of

the flute up to 1 or less times the drill diameter; said neck section is
cOMABETetrwitH & Shiaink SBefidirand hed™s tfdnieter smiltet tHat the drfiroe

diasneter and-adengthawhbith: is: 10:0r Mmoke timesithe drill diameter. 3. The

small-diametey, deen ol drl acearding 9 slain L 01,2 whareinghe. e o g

O .
expanded-a"lameter portion at the rear end o | section expands in a

tdperedl fofnPfrofftie-oltet diaffeterbf the &1nf bf the flufe Uptod aidathéter
wdichhis-approximately

an expanded-diameter portion is provided between said
drill section and a neck section, havingadiameter which expands
from the outer diameter of the end of the flute up to 1 or less
times the drill diameter;

said neck section is connected with a shank section and
has a diameter smaller than the drill diameter and a length which

is 10 or more times the drill diameter.

2. A small-diameter deep hole drill having a drill
diameter of Ilmmor less, includingadrill sectionhavingcutting
edge (s) and flute(s), wherein

said flute has a length which is at least 5 times and
at most 10 times the drill diameter;

said drill section has a smallest-diameter portion in
the middle of drill section longitudinal direction;

an outer diameter of the drill section at the end of said
flute is at least 0.9 times and at most 0.98 times the drill
diameter;

an expanded-diameter portion is provided at the rear end

of the drill section, having a diameter which expands from the
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the same as the drill diameter, alternatively, a maximum diameter of the
expanded-diameter portion is made substantially equal to the drill diameter
by combining a tapered portion with a cylindrical portion having a diameter
which is approximately the same as the drill diameter. 4. The small-diameter
deep hole drill according to any one of claims 1, 2, and 3, wherein the flute
has a length which is at least 5 times and at most 7 times the drill diameter.
5oThersraaichameterdéeep hold drifl adcor@ling-fo anytone ofclaipss 1t Pnes
apda3, wherein the,outer.diameter of the neck section is at least 0.85 times

to less than 0.98 times the drill diameter; and guide portion%% each having1
an outer digmet8f WhicR 7S at feast 698 aRA At host1? o limes i brf™ 279

dismetetisegirevided Lacordienmbredocationsofdhemeck settioat B.wihigh

smalldiameter deep;hole drillaccordingsto,any one of claims 1, 2, and 3,
wherein the outer diameter of the neck section is at least 0.85 71 0O times to

less than 0.98 times the drill diameter; and guide portion(s) each having an
outer diameter wimdh islatleast 0.98 apdhatimaost 11 0 timesthérdrilt diarmeter
are prowded, at ane or more locations of the neck section, and the length of
individual guide porti%&?) is at least 0.2 times and at most 2 times the drill
diameter. 72 ASHRIE teep Ao dMlikP iietRBd for dfillifg ativle habnga -+
diametesofekpimdy less antha<epth i Ab oF moreHémest adrilleghraler of
diameter, wherein a small-diameter deep hole drill, is guided by a preformed
gU|dee ﬁgl%,osai g%i e ﬁofe ig fq1:r(r)né51d ué%%eg%gllwgﬁé mill ?Nﬁigérisxfle%aitnetiﬁ
direeticr'at retatipRcaxs bf the balEmFmill, so that the diameter of said
guide holesis-atleast 090,{imes sand amost:.05 timesdhe diameter of thee
smalkdlameter deep. hole drill and the depth, of sald guids holg s 3t least 0.6
drill diameter by combining a tapered portionwith acylindrical

portion having a diameter which is approximately the same as

the drill diameter.

4. The small-diameter deep hole drill according to any one
of claims 1, 2, and 3, wherein the flute has a length which is

at least 5 times and at most 7 times the drill diameter.

5. The small-diameter deep hole drill according to any one
of claims 1, 2, and 3, wherein

the outer diameter of the neck section is at least 0.85
times to less than 0.98 times the drill diameter; and

guide portion(s) each having an outer diameter which is
at least 0.98 andatmost 1.0timesthedrill diameter areprovided

at one or more locations of the neck section.

6. The small-diameter deep hole drill according to any one
of claims 1, 2, and 3, wherein

the outer diameter of the neck section is at least 0.85
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times and at most 2.0 times the diameter of the small-diameter deep hole
drill; said guide hole is formed to have a bottom surface in a substantially
hemispherical shape; and said drilling is performed while repeating a step
feed by using the small-diameter deep hole drill according to any one of
claims 1, 2, 3, 4, 5, and 6. 8. The micro deep hole drilling method according
to claim 7, wherein during a drilling process involving a drilling depth which
iSs309% morelimesttherdifnftter ofiadrilled hWolela pbsitiors «of 'armodter

peripheral comer ot the.smafl-diameterdegp hHolg ddll during-a steprbaock iss
located inside the drilled hole saidrgosition of the outer peripheral corner js

|GEAtett St fast 0T3S hrid A MBSt 1 0%iMed ths ailfisherafthe v tded
setallediantetendeeplivole dritfsomtthebend fade eftheientranoe 72 0 of the

drilled hole, 9. Ihe;micro-deep holedalling method acearding 10 glajim 8,45+

wherein a feeding speed of the small-diameter deep hole drill during
nBnZdriifiAg f)e?i%% i8 at1east Ifn/Mmifahd - 3Emost 4 mihf 16T Amicro deep

hole drilling method for drilling a through hole having a diameter of 1 mm or

less and a depth.of, 19.0r more etigﬁﬁtf&%i%%ﬁ?é&f@ogrﬂ?q1@%%@@1{8%3

small-diameter deep hole drill according to any one of claims 1, 2, 3, 4, 5,
aha6 REURSH B pEABrAT aldfiting by Tepeating e Bieh féed Ut AP Teastithes
maximumediaaieteri padioar pithereylindrical portioapenetratesotheaughr-thel
dri'[c';?%@fcll%dl% Aam'CEOe98§Behople19{'é“en%gﬂeetb0d for drilling a 'Fhrough hole
having a dlame%/er prl mm or [esg and a depth of 10 or more times the
diameter 6FtHé tirddghiHole, Whefsine Brefoimediglitehsleds formennich
having:a diameterawvhicht isat igastdd. 90 thmes:and at mest 305 timesthe 1,
diamefer.of ;5aid small-diameter dgep hoje drill and.a deqth which 5,3t least
and at most 1.05 times the diameter of the small-diameter deep
hole drill, and the depth of said guide hole is at least 0.6
times and at most 2.0 times the diameter of the small-diameter
deep hole drill;
said guide hole is formed to have a bottom surface in a
substantially hemispherical shape; and
said drilling is performed while repeating a step feed

by using the small-diameter deep hole drill according to any

one of claims 1, 2, 3, 4, 5, and 6.

8. The micro deep hole drilling method according to claim

7, wherein
duringadrillingprocessinvolvingadrillingdepthwhich
is 50 or more times the diameter of a drilled hole, a position
of an outer peripheral corner of the small-diameter deep hole
drill during a step back is located inside the drilled hole,
said position of the outer peripheral corner is located
at least 0.03 times and at most 1.0 times the diameter of the

small-diameter deep hole drill from the end face of the entrance
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0 .6 times and at most 2. 0 times the diameter of the small-diameter deep
hole drill; said guide hole is formed to have a bottom surface which is in an
approximately hemispherical shape; said guide hole guides the
small-diameter deep hole drill according to any one of claims 1, 2, 3, 4, 5,
and 6, and the drilling is performed by repeating a step feed until at least the
maximum-diameter portion or the cylindrical portion penetrates through the
drifledtolelrad 1ed hole.

9. The micro deep hole drilling method according to claim
8, wherein
a feeding speed of the small-diameter deep hole drill during

non-drilling period is at least 1m/min and at most 4 m/min.

10. Amicrodeepholedrillingmethod fordrillinga through
hole having a diameter of 1 mm or less and a depth of 10 or more
times the diameter of a drilled hole, wherein

a small-diameter deep hole drill according to any one of
claims 1, 2, 3, 4, 5, and 6 is used to perform a drilling by
repeatingastep feeduntil at least themaximum-diameter portion

or the cylindrical portion penetrates through the drilled hole.

11. Amicrodeep holedrillingmethod for drilling a through
hole having a diameter of 1 mm or less and a depth of 10 or more
times the diameter of the through hole, wherein

a preformed guide hole is formed having a diameter which
is at least 0.90 times and at most 1.05 times the diameter of
said small-diameter deep holedrill and a depth which is at least
0.6 times andatmost 2.0 times thediameter of the small-diameter
deep hole drill;

said guide hole is formed to have a bottom surface which
is in an approximately hemispherical shape;

said guide hole guides the small-diameter deep hole drill
according to any one of claims 1 , 2, 3, 4, 5, and 6, and the
drilling is performed by repeating a step feed until at least
the maximum-diameter portion or the cylindrical portion

penetrates through the drilled hole.



