DESCRIPTION SMALL-DIAMETER DEEP HOLE DRILL AND FINE DEEP
HOLE PROCESSING 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 drilledChRékTdidtheter (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") represented by L/D is 15 or more, or
when forminﬁ%%@%%%ﬁ&ﬁ-h%@ ﬁa@ﬁ%@p‘aﬁ wﬁlfa%i]gDOfFl%qEOrDrﬁgFe,HOLE
particularly when forming aneéxiférnelndep hiad® 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
botiT Thitr6 Heep Hiirtd holes and through-holes. [Background Art] [0002]
Wieérd an overthangdergtnfor a tociio stick autlistlong with respect tosa i
digmeter, the,rigidity.of.the toal il decregse, Thesefore, aitaol deflegtion
occurs during a drllllngtprocess, resulting in a"deterioration of the
sttaigitfgss"or & arillédtsle’sia brdakageorithe drifffienPasing &%eriHer

deepdmoleqdfdiliggy@ﬁuaﬂyl thes‘hmeelgﬁygm ebtherdrill-ts meagersthioster-thani the
dreih gl dulied Jote. detshy qudag A bge By Means olsiep eed e

Here, so-called "step feed" in a drilling process is a method of drilling a ole
byTepeatedy movieg B efill Forvard anabadiGRaelwith Yespett 21 36 thecd

helelin a step-byrstepaneyement - [0Q03]da patent dogument b (Japanesess

Snexamined £aln Aapioation Fupiearion ke, 2003 300993h 38 % geprn

small-diameter “drill for deep hole drilling suitable for use in Step feed, there
(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 the drill. 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 a drilling process is a method of drilling a hole

by repeatedly moving the drill forward and backward with respect
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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) , adrill
isdisclosedwhich comprises: a back tapered portion with its diameter
réducihg froethienfrentspeint of tise drillna semalrtdiameter portion having a

diegpeter smallerthan the deill diameter, angkg constant diameter ROMHQAnt
having the same diameter as the drill diameter. %0005] In patent document 3

(JAPHnesE URBEMINE P ARt Appiitation Pablicatich No S 346803 -4+
hdlet ddilling: metirodois=distloded nswhicheftef argusdeimols hastbeen foraed

apd swhemayarking dyllgefsiinto epniactwith e temporary hole.r afeq +o

in-plane component force acting on the drill is detected, and the position of
the* fip Gt 1R ariff i ricved T @diFéctith GRWhichth Romponémisrcet 1119
deergases.d000611npatertdocument 4o Japanesedinexamineti Paienteter

Appligatign Fublication Na. ki6:134648), ,g Guiting ,ang grilling methed s

disclosed which uses a ball end mill to drill a hole by providing a depth of cut
ald’Erelative feeding movement in the X-axis and Y-axis directions to the
bab end)mill and wetk rpiecks sadbat-cuttingriscperdermmeathiskaspiralard tent

down-cut manner.. [0007] In patent dc t 5 (Japanese Unexamined .
e S G A P eche R Lt et i
bBfARG AP MElinedIFslE iR PIRE rRateritis disclosed, int wticle wHaTaA1 N9
inclipgd heleristo beidrilled imaplateinaterial 1ahesmispberical hidle is:atifirst
drilled for [)C%smonln l‘[f@]g %}porlle,ttglgn&%qlngy fg% hole drilling is obli léll%|%/

aﬁagﬁggleto tﬁesﬁrf% e material so that an inclined hole can be drifled”in the

plhterraterial Patent documiehit 4 sjapadeseddnexamidedPatehtdiameter.
Appligation Puhlication 20085268228 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
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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 diill 15 tsed ircaf deeprhole rdrllihg gsincedit has<al large- e ed

ratio and a drifled-hale s .deep, there is:a long timeiperoed during which theq
cutting chips move inside the drilled hole until they are removed. During that
tinde, dtie to A tnfllidrice’ Gaused by a flute twist, there was a problem that

the cutting ehgstmight movento thé end Sithecfide andegeinpitten befveemt

the guterperiphesalsurface of thegeas g5 neck section of the drill and the
inner circumferential surface of the drilled hole, thus causing the drill to

vibrate ddrir Bfilling AndYeRbIting in a FodT A dight VeSS 6 tHehole FaFent
exep causingthepsimallediameterdAl 10 &rdak. Inparticular, if the flute is long,

drill rigidity, will be low, 30, thatthe straightess ot the Jike mighthecopme . .

remarkably poor and the drill might break if a small diameter deep hole is
dfifed. Moreover” Bhén titterr the'fldte’i§3hAde shorter in order to increase a
mechanicaksiength db thendnl diameterischhynor lasss dheicutting ehipsnt

are still apt to moye tqward the rear of.drjll. 3.section and get bitten in the
dl’lﬁgg h%%étc,ltﬁﬁs re%%qelri%ag(;jci%%rrlnpossig]e to drill a deep hole. [0009] In view of
the aboveP #iS&h obfe&tBIhé present JRvERisiFto proviita ety typetent

smadlzdiameten drithpaving @ chameter-ofsb énm 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
therearornecksectionof thedrill andtheinner circumferential
surface of the drilled hole, thus causing the drill to vibrate
duringdrilling andresulting in a poor straightness of the hole,
orevencausingthe small-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 in order 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
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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
toeardl @rearcend ofthétdrill sectior, dm outeddiametertdfitherarilf sseiction. &t

the.gpd ofithe flute is-at least @@%}tjmggand at most 0. 98 times the drill
diameter; an expanded-diameter portion is provided petween the rear end of

the? 4Rl Section 2l aledd SRR haling & diAnféterwhich exBandS $rom -
thewwateridianietep rofithéeendreimthevihetesup 16 1dorlessdimes thé driling a

digmeter. theanecksection ds connected witha shank section and has & qe

diameter smaller than the drill diameter and a length which is 10 or more

tith &8 e diff rametsr. ‘fédff]@&rtﬁ&ﬁiﬁ@fprégeﬁ?|erérﬁﬂ6hl|% geep holes
smal:diameter deef thaleddrill havingnadrill diapaetes Df 1 ;ymIofdessgio 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
smaéle&k—dfametaﬂpﬁrﬂgnt&rvaleﬂeﬂemﬂm longitudinal direction of the drill
%qg] an oyfer dlamt%ter gf t%drlllfsecgon at the egd Pr‘;\t;he {I%enlslat N
east times and 4t most 0.98 fimes the drill 8lameter
eﬁﬁaﬁéedieﬁéﬁm@ér PoFioR $3 previdel aethe fear hllof ffﬂbafﬁl?meéé&foﬁ, mm
havingea Qianaaterwdliﬁla %paﬂai frose the outeradiargeter of the eadef the,
ﬂl’rlﬁh éo 1 or SS tlmest e(g diameter; th neck s%ctlon is conrpec;rlf
wit k secfEl ion”and has a d1 ameter- sﬁ‘ua T than the drill diameter and a
|értha wWisich S Thormare dimes dsd drilkdispreterd [0012P i tRE times the

smalldiameter deep hele-deill of the preset at 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 lengthwhich
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
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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 FeGuited 6 theosnadller than thefdrifidiahidter. Heowewers tit

ispdesirable for theyouter diametes of gherngek seation &o-1he sefatleast,0.85
times to less than 0.98 times the drill diameter. More preferably, guide

POrESHY EACH haAlUfG AnBtiter UiarietBF OF Af fehst 0.68 Tim&8 and ‘At Mbst' 150
timeslthesdnalt idiamétey arg provided: atonelor shorepasitionsrom theneckcer

sgetion.+ [9014] Whenq distance fropdhe drill segtiondo the; guide poriom (s)

is long with respect to the depth of a drilled hole, a straightness of the drilled

ORI GE unfaForstsly affected uriti thetité portion(s)eriers the arfiéa™
hete] tessltingi émaproblemlthat thestraightiess mighinse damaged. Forghis

reASeN, It1s Areferable thatthe interyal between,the ayide, portion(s) be at

least 5 times and at most 10 times the drill diameter, and that the closer the

pbSitibhb of ther§GidE Fortiohs2 s fife dift FecliBhStiE shortef thé fntereasn t
between the guide potion(sshonldbe made Praferably; tbedength ofi@ach
guid ortion is at least 0. 2 times and at mgst 2 times, the drill diameter

T e A e i S ihe: dHl o oo ™
eftirarilefigth 1 00 L5PA iiers dekpiiokedriliingifietiéd bfithemezentand

inventior i% aJpethiodvieh usesna pak endonilbmainky forshaping: e ness
MBURG S SPSEe Shape, THErGhl ST D GUE RIS RiTLaN Hecepitta o
pkecision’ [0016]dNamelyies mid deap hote drittingrmethod of the present
invention isa reethed charcterizeddi: dilling afieledhavingeep 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
diameterareprovidedat oneormorepositionsonthenecksection.
[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 the positions of the guide portions
tothedrill section, the shorter the intervals between the guide

portion(s) shouldbemade. Preferably, the length of each guide
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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 g0 that sthé diméter oftthireguide holeds materstdédst 9ra0 timesregicer,
at mostd,0odines the diameter of the small:giarnetersdeep hole idrill andithe

depth of the guide hole is made at least 0. 6 times and at most 2.0 times the

diméter Ofthe ShTalfdfamhetetdeep Hold dill. Here, the guide hole is made
to havé b bottom surfaceeirra substadtially hemisphdrical stiapéd-urtherethe

smalldiameterdegpholg grll hag atute, L?PBQ%WH@M%QM%%&@HQ%&@
at most 10 times the drill diameter, and the neck section has a length which

is*16 of fidratindes tHe arilP disnetsr: Sudha Small diamBtet Heephdle @il
ishased theperferim therdrdling oy nepeatinga step feed.c[06818jddsing ke cby

ajgremantioned.drlling,iethad, its, posgible.a,drill adeen holg,having a

diameter of 1 mm or less and a depth of 15 or more times the hole diameter,
espedially HEATY En &/D-FROITBOGHRGHEL tHerebrobtaififng BhcakEeptble
6ianc-stable positonghprecisionsa tealizing a beleidtillingn Yaving achighving

straightness, and abtaining a lona life for e, small-digmeter deep hole dril,

[0019] In the micro deep hole 5rllling method of the present invention using a
spééffie Giide hote fored By obal eneRRill ait {&/plefepablBtsuseiges the

smalkdieseter deep hela dell ofdhe, presentiinyentione whiek gofmprises ale

taﬂpered expanded- ifl_néeltaer %ortion eéfpglnodling(;lr}f {fﬁ direction toward the

nd a

shank and located between %ﬁ‘lu(%ge nd the heck section. The

siidlildiametercdeepritoledrilhifag acfhitedengtiof at [East bitiesdtbdt of
mast 10-timescthe, ddll diameter, apd adeckilengthy of 1006 nole, a guide
hole is formed using a ball end mill. The ball endmill 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, theguide hole ismade tohave abottomsurface
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 ormore, therebyobtainingan acceptable
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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
deilidgshethodPofthel preisent imehitivrruse tise Isralialiametéredeep hbleng
drill of the present invention: n[0022]dn dheynicra deen: holg, drilling-methoghf

the present invention, when drilling a hole having a depth which is 50 or

ot tim&s THE WrAmBt&itof X URillEd hote, a position of an outer peripheral
cofrieraf thienstadl-diarmetetdaemhote drill during reestepiback is preferablyt

locajed inside thedrilled pole The  position af the guter peripheraleerpenis,

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

h
shrall-gigrfeter deep hole it ot the Eri faceof i dhtrsncl of the drilid
hphee_{@@%j]rhnélme minmvdeeplhnmdriilmagsmeila@émmWw@ﬁfiQWer@m@,ra
feeding speed of the, smali:diameter deep hole, drl during non-drilling is At 4
least Im/min and at most 4 m/min. 7 [0024] Further, another embodiment of

te B oF thieSpfesertt SRveRtiBr-&cal GriiikhzRAig altrill ishigter of TrAfFeFT
lesss pnehuding &t daill isestionthaviegleitting edge(s), futed(s) andhean and at
expanded-diameter portion..The flute has a length which is at least 5 tirpes
I e B e B T oo
fir TeducdecahteHen increase-frem tHE e rfing etiettowd thelrearst the
dpll rsection The eutesrdiameter efthe deltgection at the end of the flute is

S LS 0 S e ML A e
expandingin-acthperedforne from Hee butat didetér of the ehd of they flued d
upde 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 a drilled 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.0times thediameterof 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 hole drill

during non-drilling is at least 1lm/min and at most 4 m/min.
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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, andmore preferably greater
tha 05 tinhes the drilkdiaphete e Mo025]¢ithe expandedldiandter paiopnt

expaads ina tapered, farm from the outer diameter-efthe.end forﬁh&ﬂqf@sléo
to substantially the same diameter as the drill dlameter orif atapered

pORion 16 E8hibived With s by iMdRE Bridh haling & didthetér WhictPis 79
apprexinatdlydheéisameas therdnlbdiametes aldrilkhavingaaniength which

expapdedzdiameter paaion's maximumdigmeter subsfantally eqyal fo.the.

drill diameter can be used to drill a blind hole or a through hole, particularly a

tirotgh RSt tapableiyt éimhgsﬁm%té%hﬁaeﬁtd%ﬁéﬂérﬁ&&%ﬁq pnd thén
comptetedye passothrobghc{0026]According e the presentdnvemtiohesitcel 1

t@%c”@%Eﬁnu%H@@SE%P%‘QH&J&P%GB‘D&@%Q'ﬁmQEeJtHOJHOQ@%%e end

approximately the same diameter as the drill diameter, the 8
eXpahbgdidiahfete? fortioRdtthe -smafiefanister dhilmsit 1fnéfok 1B%ghEye
palrtmmamatﬁﬂfacamfé&@aiﬁdiedimlem@rthas;a;ﬁtmaﬂ@nl&jrrphacs\t@caed at
re: mel[étherebé( imp %vmg rcs)lé%hness of the in i%per surface of the rlltled

hole and i improving the stralg tness of the drified hole: Therefor eggcorofng

td- tRE present HiVehtiBa ti Tsord-h §eFreceRSdry 1t perf6ms el féaming 1 1V
processanbich wae otherwise-Recessary inipHee adr therebyrendering i, a
p055|ble toc ﬁJQmI[()llete a process of | of dr|II|n r§cro deeg through krllolel usm e
onﬁ/ one driffir ing process ase 5)r?ly one rlﬁml%i ] @smg {he
smdhsdiantetet deeptivoleairil @fsth‘ék}ﬂe@éﬁﬂ]m@eﬁﬂmeﬁin@e’tﬁ@mbining a

ﬁ@ﬂ@%@rcﬂ@mﬁ%m&tm of tha expanded-diameter pItiondas diameter
aggrl%xnggtg ptpgxslafnrggedll?/rgﬁteesame 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, andmorepreferablygreaterthan0.95times thedrill 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
a diameter 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
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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
perivm drtling appreximataly the same tdiameter las theddlt diansatet. L Incan
otherwords the present invention provides-asmethed ofr drilling throddho1e

holes each havmghs';\ diameter of 1 mm or less and a de?pth of 10 or more

tiffedthe Roledliarmctr Se€pe Al a Yepth Trar is 15 bF Mord Tihe¥ e Holg
diameterchsdetailh he nwethrod - Gses @ Smhal-dianmeted deep ole drithoftheg

prezent jnveptian.descrbgd.aboye topederm adrlling-while repeating, @ + o

step feed until at least the maximum-diameter portion or the cylindrical

pBPt?orﬁ’b%ﬁ%ﬂ%téﬂﬁfbﬁgmhelanﬁéd%léo1@8?9?%%%8?&165 o tHeCthiBugh?
hetexdrillingmmethods ofithisc ipresentinentian git iss preferable to guide thert,

S'E}?é'r%'é‘{}“?&%{dgﬁ?%&?'@ gl 4%%&%‘8'%88{?18“@405@% by-a ball &‘PPl’I‘i'hgg

having a specific shape. Another micro deep hole drilling method of the
preBAt M RIoM I 8 1HHBtHEd DI drifAgCR thrSUgh ARo el HaARY & thameter of
1dﬁrrbﬁrLLeS<$r@1dialdepth of 10 or more times the dlameter of the drilled

eﬁgeﬁlgd%ﬁ or M tlme the dlan‘g?t%l‘ 0 ‘lifir"?gﬁ)l&é%ent

deta| the met Uses a gw hole pref%r rend mill to guide
tH@H@@EJIfRﬂe drift ot ¢Re p%ntm%m}é?r%baa@f@ﬁerféﬂﬁta%hlhrﬁjfwhﬂée

repgating-theistepfeed ?Bt;”ttt@n expanded-ciameter ROrion haminNg dameter
dlanﬁ%{er thatﬂs appr X|ma(=}q the same sdtlhae drill dlameter of@ .
sma deame er eep%o € drill pengtrates hroug e drilfled hofe- T8033?O]] AS

deseribed<albove, itis peeferabie thatithe @am@w@ fofmifg risthbl 8fthieng
presentdnyentionusesa ballenthing 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-diameterportion
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
9



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
ohaYorey obtdinimg! Bhcacdeptable réughiess ofivale idrepsindace Withbling

upevenness orthe dkenasiwell asian excelient syaightaess [0032] Hurther
using the present invention, it becomes possible to realize a Ionavlife for the

sHAICdishietst Gedpisi& ariby Binbining thé hew diiPshape withthe'Rew
driflings meéthod §0633]ncdd ditiengwhiereappliee to andrilinggroeéds for5 or

forginga through holg, the nresent inyentioncanygreatly improve :an inner, o
surface roughness of the drilled micro deep hole and 10 ensure an

aCEEPRDIE Staightess AeCsdinghO i tietdtied Jrossibitd omtt &tedming

processahith NmslpiherwiSet_bﬁepreeeessarwaﬁeﬁardxilﬁngqyaqgsseiﬁfmim
ait, thereby ; tepdering,it possiple. o pgriop a micro deep hale dyilling for, .

drilling a through hole in only one process using only one drill. [Brief .
Deserption ot tR8 Dratvindd] [EFS 1] F1& 1 shovis antex&RipiE of ARTuter: s

appearmnceeta ysmallediameter deld of the presentinventiord&lG. 2FFIGh2

showIc, anaother gxamdole ofha outer appearance . of a srgnall-df'lamrclater drilﬂ Pf
1= trat the d d
thsénﬁresenlt%“\?eﬁtfon.efﬁﬁ’e.Oe?]em TR e ekt view showing a drill
Seet6én 5 shown in FIG. 1 [FIG. 4] FIG. 4 is a schematic view similar to FIG

38hewing apotherembediment,dF1G 5} kIG5 & a=schematie view similae
Kﬁgfé:%éﬁﬁyﬂggmgpﬁgq %?"%EE“%@Qéent 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 surfacewhich 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
forminga throughhole, 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
egample irwhictrantopering anglahs eegral todke tipdamgléof aldrilbFi@es
12LEIGp12 shows ap eperatingorder forastep feedy, dE1Gc 431 FiGel3rten

shows a% osition of an outer peripheral corner during a step back. [FIG. 14]

FIGC 24 Sholvs™an ekarfipl8 of the HilliRg hetivod & T1 teé prsent H\‘/%ET%BH
[Fi&1dE5] 16 i 15rshowis andtherexample of the driling imetisod: of theng for

present ipventon. Jki&E HelFlG o8 ?hﬂ%sgﬁ% example; obguide hole ari1a .

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
thes ptesermdnveriton. {k1G £18hEIGri& isgSiont view showing another

embedimentzotFlG. 14, [FIG, 19.EIG, 19 shows 3 Grass seelion of awgtk

piece drilled using the method of the present invention, and an actually used

todP R B EeT 284 é]als%eﬁl%ﬁcm&ﬁ%rh%vﬁﬁﬁ%fﬁbltﬁér shape of an
expandedidianetep pontion; showthisFKxa2dFGo 213 1 |6i;12érl$a@>§éhemaﬂ§
V|e¥v S|m|I rt9 FIG 20 shO\(/]\[nrnl Oofth\%sha e of the exp % gedﬁdiameter

portlon F g]llgthf IS a scjhematlc we%v glsrr?l %)nFI 6 showing

another éﬁaﬁé%f tﬁe@ﬁaﬁ&é@@%ﬁété’ﬂﬁd’rtﬁ?ﬁwmg 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

11



[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
shbwsrar drfting stateeattimnfinal stage for drilling a through hole, according

toy thespresgntinyention IFG - 28k FIG. 28.shows srdrilling state atdhedinal o
stage for drilling a through hole, according to a comparative example. [FIG.
Z@ngF@?Zﬁ}é%%%v Fa Hole MnéPsurface obtained according to the present

inMehton 012 [F Gl 86hFIG.B0stzows adidie: imheh sufacefermed acedrdisg:

10,3 compaative examples IFlG 31LEIG -3 1.3hows a-cross secHonohawark

piece drilled using the method of the present invention, and an actually used
todi1fFIG./32] Etc. 132 shbws 2 ompatistif REIE iffier Surthcss etvwden *

thef presentiavention. andra priar. art which is based on an electric discharge

pracessing[Best Mode far Carying %é_@eéﬁx%@%%?]a@c@%lF'@m&oﬁﬁ%gﬂl@-
2 show examples of a small-diameter drill for deep hole drilling according to
the pfedentidvention. Hereafter, for the sake of convenience, the
smeatledianeterdrill 1 forsteep holerdrllingeaacosding ta therpresentdnyentiond
will .also. be refetrl[le%tgta%'l'small-d arge{%r drill", FIG. 1 g an examp

sﬁg\}vﬂ?g% at there is not a Su]%)dtee ;S)%?tlon 1%efﬁt§ hetk section % %%dl%lé .sgclis
ah®%ample showing a guide portion 13 in the neck section 6. In either
example; the small-diametersdrilbd-comprises a il segtionsavieg fpe of
cutting edde, 3, & fute ¢,and 3 smallegtdiameter ppttion 81n 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
fordrilling a 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.
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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 cUtfingEtgé e théehd 9ofethe flufedc (0035 Phewdrilirding

seetian s pfthesmall-digmeterdrill 1 of the present invention has the
smallest-diameter partion 8 in a small-diameter portion 14 located anmhere

in' e lengthwise direetidty 87 tRe"diif Settioh's, préférdisly “tha °tg @r+++e
sorallestidiameten portidt Bascse shapeththat itsahanetéraat dirstudédreases!
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 firdesaHd at mESCH D&tirFERAE diiiPdiamEtet 2. THE Fedr Brid 6F -
the: ordlesection brhasan expandedediametesr portion E-in which the based

d@mgp@ré&f@g\pg&b%%g}e Qu (ggg@g%rga}t the end 9 of the flute 4 up to

1 or less times the drill diameter 2. The outer diameter of the neck section 6
connected to the shank section 7 is smaller than the drill diameter 2. The
lermyth 1 2otiher siecksectiond .10 afdnare/tmesdhe drill diameter 2.

[OR%Q% [he drill section 3 of the small-diameter drill 1 of the present invention
is pre ér]ably scl)Gsé,hapgaéthat Es'&fgr%e?gr %ﬁfpgt decreases from ;hé lc%?t?r?ge -
edlge 3 tbartPiietear elid 10 the dff 3eetioA SURtIRE ShrdllestdrRMERT -

podiaen: 8ref-the smalkdiameter pertiem14nand thenexpands senthatthe 111
o%err giéalme eorlof t%eégrill section 5 at the en(%9 of the flute 4 is at least V(q)l%
. [

times ahd-at most 0.98 times the drir diameter: 2 FExpanding the diameter o
thvel drilllsection<s after beirp reduedd frbmnhecutting tge 3tdward the rear
ead.ofthe drilb.sectioma camalse he explained agfollews: the diilk segtigpck
section 6, and FIG. 2 is an example showing a guide portion 13
in the neck section 6. 1In 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 isdefined
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
13



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 from the end 9 of the flute 4, rendering it possible to inhibit the
chipslftemtgetiingitentor theoouter pefipherab sdrfdeetof the drilirseictionss

or ondhesauter paripheralsirfaceahthe peck section 6 thysdabibitingaarq
ossible breaka%e of the drill. Moreover, the cutting chips can be kept from

DERECTA Sier Theditd b ST Bt HULS 4 ohiF JRtid BIBRSRS e ran T 11

seetion 6rdariay theecattthd. ntthHisevay,ithe duiting thips:tan stay insidedhe
flyte 4omaking it pogsible 1o stabilize {he cuttingand gnsure an agceptahle.

straightness in drilling. [0038] If the outer diameter of the drill section 5 at the

At 9 of B fidfd s s shalfdl (ARG 94Hnes 1hE oMl digntetel 2, %heMedting”
chips wilbmovertowarthtie rearcofdthendrithsectioni drtotie neckisectioh 6,0f
caysing;the.cutting tpraye to fluctuate; and the straightness of 4 drilled halg
to become unacceptable. At this time, the drill is apt to break. On the other

haR8S TFHhe SULEF diameter<oTthe il Seb o BSS redter tHan 0798 eSO
the dsilldiameter 2ratrtherend Biafithe: fhutetd r itwill bedmpassidlefor sifethe

‘apered mandeckdipmater porien 10 ip.e descriped alen.jo baye 2.
sufficient outer diameter. hereﬁ‘nore, it is preferable that the diameter of the

dfifl $éefion Bee®dahderandtaperéd fismihe Smaiestediametet portioAt
8ofdhe-ddlk section tpde theend-8-ofthe fltesda 0639 By virtugicfithee r

RS T e GRet Aarertt pAon L i B8 Eacly Fomoued wihet

gettind sitden betweehithe drilled hole irhermsulrizcetand ahe deifl LoThusntive

sealiest-diameter portion 8 ehtheismalladiametethen 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 sectionb5 fromtheend9of the flute 4, renderingitpossible
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
14



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
straghthesse[0040P K thessrhallést-tliameter poitioh Bof tive sprdlRdidreterck

podian: 14 of thersmall-diameter drilf 1 is smaller than,0.85¢ times theydeilli ps
diameter 2, large cutting chips are apt to enter 15 the drilled hole, hence

uRfAvothbl affsdiitty the stirfice foulRfeds ot thé firerdifcumierentiar *2©
stifaceudftthecheled ken additien, dve egiditylef te smalitdiasveter drll 1wl .

alsg, beyunfavorably gffected; cansing the-small-diameter drill 1tp Hreakpo
e%s}jll%/. On the other hand, if the smallest-diameter portion 8 of the
S -

h

diametsr porich 44 dfthe'diF sedtibr Sis JreaierthalT 0'964ifBs the

drill diaemeter 2yt will be vitrpossibletioprovidecartaperettexpandet chameter
perfign ,capable of pushing back the cutting chips. (00411 One of the, . 4

important features in the shag;e of the” small-diameter drill "1 of the present

i/EhtidITis tHe ' &ipdifiet-dfametet borioN L provitfstP BEtHE te&~ehd ot the
drill sectiont5,nhgvinga diameter svhich isd ordess times theedell ihameserd?.
Preferably, the expanded-diameter portion .10 is expanded and tapered.up to
e thd Oh T ASErblor 3. SHerding o (18 2o Biof e Mt 3 of e il

sécticn BBrsward thelheék sEEiBRG Ukl e Faximth-diamheterpértiore 18
of the iexpaedee-diametes portiomd G.J0042h Ee lunalionsiofibeer portion
expanded.digmeter portion 10 6an, be descrier as follows, Namely,, .
a oug% MoSt of the cu ting c]fnps are kep‘?from geciﬁngtbl?teneby vw‘%ue of the
sfuetréookinetehd Drafthesfilte dhdasdribdd abover infdase Sallep ectipsn
fly st frompthedlite i suchesmaller ships.eanhe pushedi ameter portion
8 of the drill section 5 up to the end 9 of the flute 4.
[0039] Byvirtueofthe functionof thesmaller-diameterportion
14 of the drill section 5, the cutting chips in the
smaller-diameterportionl4 canbeeasilyremovedwithoutgetting
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 fromscraping the inner circumferential surfaceof 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-diameterportion8of 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
abbve functiond, hakes itsossible td Fomabdiilledfisletiaving fen surface

aceeptable straightaessn kenderingritselfeffective in- suppressing abreakage
of the small-diameter drill 1. 16 [0043] Though the expanded-diameter portion

18%CAN b8 ®adily® hade Stralght antftaéret 6t RSO utér Stitface when 245°
nranufactoming the singdladiamheterwrilnd asishownlin-EliGre the duterl 1 to

surface Qfexpandedsdiameter poron, 10 £an;alsq be cypved o fagt e o -

closer the maximum diameter of the tapered expanded-diameter_ portion 10
t& te- dfft didthetér28 2 the 8asier itas for %ﬁiﬁoﬁﬁpﬁaﬁéeab&é?ﬁéﬁe? p6itiohtio
to guides the deilt sectiond5 9 therelysmaking itipassiblenta-imcreasetheill be

strajohiness of a drilled hole. [QO%]p'é%'&e%&%9%&%@%&%@” dlsobe

enlarged or reduced in manners shown in F 3 to 5, including a
bagkI8pEring I B)9aRUnteréit (BIGE#) anddkdmbination of a
back-tapering canskan nadergut {EKG £5)c clareacts ofithewwaseshthedidE the
sectign 5, has a smallest-diameter portion 8 in the small-diameter portion_14.
PrTorADIY: TS BmoURT of back taparinig s af [Sast 0.4/T60 ‘i 2nd At mOLt
2907200 4AAT. JOeAsFRtrtheRhore, inthersalleameteParii<sf fHel srésehe

inventionsdhe ftedength 1ljsmada.at leasth times anshat mst-ldinese
trge dril] déametecr 2. A flutg Ieg th %} Wit;chriln such a ran jecanensurea .
neééssaryli%lf‘eern%fvorumerg 16 fiute 4, s6 that when the smali-diameter dril
1ovessinsitededderp heles tivsl cutting chipsrean beactumulatedrinside the
flute 4, H the flatedengtb Lhis shorter than btinnes the drll diameter2caion

feedin‘g amount per stroke 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
tii&sithe drilldiagieten 2. 0046]@A the otikdichapdr theofeddtirefthe dralpily

seatiens® 17 is made at maostdlZtimes the-drill diameter2.nThis isrhecause 4f
the length_of the drill section 5 is longer than 12 times the drill diameter 2,

thie Rgitiity Of the e dfifmeter dtfl “L Wi betSme 1ow 4Ad tRisTot U= £
redomxpendaitie dHowever, byntaking 1the aecklsection 6Uomgdit is possiuie,

tq doll-a deep hole, having, & depth which is 42 or more dimes e dillame ce r

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

sBefior b hiedstd B5'tirhes afid téss thhiv 10 imés tie dfill'diatétér2
[@@dﬂ%dﬂ@n@ﬁ&m@@n@fﬂm _rﬂeﬁ:ktseo@iofuc& ?stl]ess dthz‘a_mlo ._85ctitmlesl the
diill diameter. 2., dangerof breaking the, small-digmeter diill 1 increases due
to an excessively thin drill. On the other hand, if the outer diameter of the
neék 5e8flof6%s 1.0 times the drill diameter 2, the outer diameter of the
neck sectiorra will be, equal to-thel del diameter 2aresulipgbin ararables that
a cutting resistance during a drillj rogess. is.large. [0048] According to. the
o EoTs S e 1T e el
incré&siAg 17e! ehg it 22t dffthe - recRx@etiohnb L ie-fepigy tht PRefthetaesk 1ng
seetiombuisamade tore; 16 pr moredimes therdrill diameter2aAt thesfinal 1 on
step of a drilli rocess according to the present invention,_the drill section
S 58 FESEnR I & SSRGS I-SHGr toLCupEIEcs & HEHBSonior the e
shrfall-dRaraéteradrilyt ang tenavill tadeep holesraving an aeceptaisie 0.4/100

SkRIghtaess, kisst 2.0/100 mn.

[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.

[00406] 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 2, the guide
porionds eamgettintd comtaet With dve inndisuface of a diiled HolecVithier

thernegk sectignb advanees intp1a geep: partion of adriled hale.by virtyeof
the drill section 5, the guide portion 13 is able to guide the dill section 5 .
I, i ariok S 67 the difed HBIS 168501 Priterdiy e PG thar S5

indiwdduab guideportionnd 3 is1atrleastdd: 2rtimes apdeat niostOvs times tiaek dnif
digmeter.2. Toensyreq desired;strength for egeh guidg.portion Jd%éb I801e

preferable that the length 47 of each guide portion 13 at one location be
|ty ‘O tRe“STEP AN i the Tength 4976t tHEGRidE pottion 18 exCe&as 0°5

tires] decutting resistanter will partialty irfcreaseccadskngea vibrafiorhanddhus
rendering, ikdificulf tq ensure agdesited strajghtness for,a drilled halg. 5 1o

However, if the length of a guide portion 13 at one location is shorter than 0.
dimes, it wWiPBEiffieult to ensure a desired strength for the guide portion
1fsooauslng an undesited-ehipping teftheguide portianda-andithygs rendetdnrg

F fflc%tg) Lensure as uf(guefl{ gi.udlneqtef]%gt Be%q]esérsmgeoa ch1|<pp|ng area

e guide portlonIS gets into contact with the inner surface 0 rifled hole
tk?é“?ddg?ﬁ?@é%%ﬁtﬁé#ﬁﬁéﬂsaﬁﬁéé%?%sdiﬂl%aOh?é]@ﬁ?a%ﬁﬁéé’@ﬁﬂﬁéthln drill.
deteriorated 0054 Hds prefenable that-an interwal betweense verydwe guiden
portion e at least 5 tlm d at ost 10 t mes the drill. diameter
regcelwr?glﬁwe gw %%I‘UOHS%% 1o the cﬁll?e‘d "hole an&ByAma%rr% ﬁwe%gugg
poftiohs dStgetnintorddntaet withiathd intidesdrfateé ofartkitled Rolesgsulting

begomesPassible 1@ eNSUF8 i ng 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 ina drilled hole. 1In order
to suppress a deflection of the small-diameter drill 1 and to
drill a deep hole having an acceptable straightness, it is
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 difficult to ensure a desired straightness
fot atdhdliedisie due t a fesultingtvibration rOathe otherrandniffreirface

aforementioned interval excaeds 40, times the doll diameler2.s sinee thejecp
interval between the guide paortions 13 is large, it will be difficult to sufficiently

sBBﬁFés%“aodfeﬁegﬁéﬂrgjo??hEo&ﬁnbf tat may BEchP Betore thé ekt QYlide the
porticte 13omoves intoithextiited haole i thrus afavdrally affecting theong the

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

thete3s ho reed o provide the tride Porticns 13 at tie Same iteRAaPalory’

thes entikecneekseCticntG.rMereoves faso other mbodimeanisiafiguide poricns

13 shawnpFIG. 6 apd FlG, Tt is preferalle.that largernymber gf guide;
portions 13 or those having larger areas are provided closer to the cutting

ed§elT HhES BHRIrinePa desiretPgGiting éffeét. q0053F TheGea’bhifor the 2t
above lcaruhe @xplaineshas follewshdNamedy, withdespectte-the dgpth of ao £
PoRUNeL s St olep peen e LS AV
drifléd Reletatedr Baier s theresy aHowWing e garie "gorions E 5~ 109
pravideran effectof ensuring adlesied sstraightnesssat anreadier tirae. Hs this
AR e RS e Srdra s for e sral st eros a2
Pasticutarhe wHemdrilingtadeep tholel havirdy aif 1¢D1ratio of it feastse arrd
atmast 190 rwhich sgivesasan example Whereng 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 ispreferable that 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 the drilled
hole and by making the guide portions 13 get into contact with
the inner surfaceofadrilledhole, 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 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
141$ Shovter thans® fintes thelelgill didntater 29 afeeding ameuAt perssirdie of

the,small-diameter, drill lyperistepdeed hasda hesmallthusicausingithecne
cuttirg edge 3 to wear away easily. Nevertheless, if the length 11 of the flute

438 1ONGET thaR 90 ties the diiit dfanater 2; A'G8créase i thetgifiity of fhe
savallegiarheterrdril-y avillloausethetsteamghiness ¢o become 3poer.[0058] ALt
mjcro deepshele; drilling-methed Of the present Jpventionyisa method which o

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

I
preterably G5 hMDF RS o'tiiliof Bekpthbradingen 295 a0 dr1EoFes
morep especialy aldeep hiote havinghas L/Drrgdiocafa50 or nadres the niatercok
which bad.not heen-realized.until the present invention. [0056]
Conventionally, when carrying out the micro deep hole drilling method, it is
usaPtolat first fobmatjtiide hole TsimG &'dflS For exarmslel wier posiioHig
isspetformeg sing-a dyilldisclosed in pateat documenis3 o0& patent docurmeat
Snsince spehaa dril dogsnothaye an.auterperipheral cuing.edogy an e
operation of processing the innef surface of the hole fails to be su icient,
nfakifg IRt R8T etR PoBRARESS ForC thé Yuiidehofe. FYPHRS Teéas0R S
whenthe small-diameter dglh ihbites-threughithesgdicde helerthe drilling it .
be very unstable, rendering it impossible to drill a hole with a high precision.
D005, SR BERTIE e AT DAL AT i i of e Bty e oF
thersatalkdiametet driicl;, and bars wilboectrcgthel eptrance dfhthecdriitedg

helgydesyltingn a-hrgakage af hesired guiding 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 anearliertime. 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
[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
theropenihgurrgle W9 forméd dmdng adguide troleddrilling! dsscahide seeniing

HGo 8. ata ime the small-diameterdril d.comesdnta eoptactwith .a guiding
portion 21 formed in a Worljlé%iece 20, cutting will be started from a chisel 22

having & prédétermined width S (0058 SAbsbEBRt§ "o shAwh I HIG8 4 &
cuttingpomt 23 Yradeatiyanoves amtie outward direetions bein Other Wwosdsp

inthe, cutting-peint moving, direction. When using the. small-diameer drill 1,
the chisel 22 is likely to make the small-diameter drill 1 unstable and

fllGiRatbhS WS occur in thble' fretidion! thids FeSuIting i a'probléfT#tholear
drillingi me8060.¢ I additien,avken the tipanglerts of the. small-diameaterydili

15 laxgen thap the.opening angle, 19 formed ipfhe gyide \hole, ascap e, o

seen in FIG. 10, the small-diameter drill 1 starts cutting from its outer
cir€irferential corner 26 and the cutting point 23 moves in the cutting-point
mMaoig directiomiHewe e psinea thelehisel 22 deesmeat cut at-the hegisaing,
the sm%li-diameter drill, 1 g apt t&w&blbﬁ and thigmrgﬁllie_%i.t difficult t epsure

th *
a’stabilized hole precision, resulting in a problem In cutting. [0061] If the tip

aPgielaftie SHallditmerrrilPE is aimtie saffe ang ke as The bpehifgahglé
19c8s carvbeseen i kiGp kb itherentirecutting gdge 8:0f the smadl-diameter
drill 1 Wwa Pf\rti%ipgtee in guitien%asizmultaneoHﬂ?_ As a resglt e cuttin

résiStance rises t6o rgpld?y, causwllél?hgnsma drlﬁrthle?ef) riﬁ 196 \I/riBF%[é atr%l(f

this takes itifTpoBsiblectd lersuresa Hesirddint i1 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 occurat thetipof thecutting
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 belowwith reference to Figs.

8 to 11.
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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 12(1) has
been performed, in other words, after a step depth has been cut, 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 cut a next
stefdépth, Ase Smeali-diametér-dill 1tsaewrnedtord positiciagar thehas a

delling peint,by.g nexhistep fonward,31 qas shewn-in H16152 Bhndhereby 111
continuing a predetermined cutting 29, as shown in FIG. 12(4 .,[O(r)%@ Here

(
"Steb teeth MeAns a prodess of repeatedly” PEFETInG the StehsHdten Tnt 6
FIGS.HE2 (k) 1 12i(#)e Byrpérforming suct Alstep-fee tiis possible tang e
exactly remove. the,qutling, chips accumulated in the flute 4,.evenwhenrc

drilling a deep hole. "Step back 30" means a step of temporally moving the
sfiralfdidntetst drilP16t o thedificerndte aftet CtiRG B Step afistint. “Stép
farwardBiomeansia stefl of retueningrthe small-diasmeter@rilkd ta anposition

ngar the dpllingnoipt aftgr the step back,3Q. has been performed. [0064] The
micro deep hole drilling method of the present_invention will be explained b
shBWiTY an ex&rfpie ot btiling S 8RePhGR Ravinga depth WHIEH i8 %0 dr 2
moredimes fhediameter wofdhewdritledohaler withireference to HtGe13whiGs,

L3.shows an quter,cirgumerental coner positin 33 of the guter .o cre

erential c&rrﬁ%?%%lgf the sma gdiameter rﬁlrli of the present invention
aPAaime & septsacki30 i3 being-perfefhed! Preférably, ks hé®nma FGH s,
thenautercitghumiereatiah conner position 33ofthe-small-diameater dsilcLir in

during a step back 30.is in the drilling direction of a hole (defined as, minus
CHEKHoR) Ty o i ShebaGE F2 01 P BAlL Ao of ha. rflod MO or
inlethel words, 2kel butercircuaférentidlccantdre positfor33sisdadideitheeter

drlled hole; Namely, the,qutehe opening angle 19 formed in the guide
hole, ascanbe seen in FIG. 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-diameterdrilllisapttowobbleandthismakesitdifficult
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 incuttingsimultaneously. 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 0.03 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
awaylfromethecend face Brofethe aéntrahee rofitheddrilled hele fdefirmad dspth

pasitive-direction) Qe inQther- words cmove-to the outside pfthe drilled, boley
In this way the cutting chjﬁs can be removed exactly. [0066] However, when

dhilting”an eXtrémel & Hols Whose L/ ritld Bxededs B0 22K 207 3
satadwdiaimetarcdrill 2 (8 usudlyeemployed dierwhicle tiie dengttt 12tefithiepetk

sequon Biisvery lang.lp dhisiway, pocethe outerGircumiereptighcamer 26 of
the small-diameter drill 1 is moved back to a position capable of aIIowm%

itS&(F td TOVB Ay o the eid FAcE32'0f the enft&nte dt the fified hib
duringesbstep hack 30, dhe smalk diametes ddeill th wilb boshakemfrom Side e .
sipf(%e 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
it$&If (il be Heviated FFofFits ‘&ifect f6sitidn %or bFoK&T J0067] EePRsSdLY
reasomn, itkisHoyefesahle gthaiibe outer wrcundeontialcorner 26,a¥dbh€orming
small}-ldgarggter grill &,dlfrting a stegil%alck 30 be I% alted in the drciplingcg;g%ction
0

remove

of the hole, e|r1?waergly away from the end f%%e%ﬁ of the entrance of the drilled
helel B & 2 #53iee thé eRiled el 1nthi$ wayer beeomes Iddssibietoqperfolm-a
stahilized deilling without€ansing the tepall-diametgs shrill 1l (o besshaken fiom
side.ip side., [0008 Gonventionally, i a tool lameter IsJade or an L ratl
isnot so Targe. a feeding speed of the toof is usually o 20 mimin.
Howeeer avhen perfofmivly aonicrodeep mslendritling $or dfillieg annexteetiety
degpholg haying.a diametef +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 shown in FIG. 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, orinotherwords, theouter 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 1 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 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 a
possibility that the inner peripheral surface of a drilled hole will become
detétioratert becadse of anséxtended tinee dubingdwhich thesaating éhips and

theywer periphared surface ofdherdrilled hole areinGonrtact, Besides,suchy
an extended time_causes an inefficiency in hole drilling in view of an actual

practice. CHerB T ASA-drilfing Hinié iftervaF e&RS Atimeihtsiar atiting°" =
whichhansorg &-seriesokstejrfddd lthe smak-diametercdrlt ois termporarilyh
maved hack 1a.a pogition near the epnddace3z afthe eptrgpcenf thedrilled.

hole, and then returned back to a position near the drilling point within a

diifiedfote * fdG6o] Theréfsre! Tegatding te micro deep hoie) drifling triethéd
oivthelpresentdnvention, itus preferable tratthelfeeding speedl of thawingthe

sg}?é_l-g@gncqt% dryl inQU@QQ @Q'QQWQQ Reriad in 9ys_tep feed be at least 1

m/min and at most 4 m/min. [0070] Using the present invention under the

conditibhs dEEFiHRE oV ifhécors possiblerfrebtain arPaccetabiese
andrstable pestioaingspreaisionl by virtie ok themew method: of fgreaipg @ed
guigle.hols, Fudher b pefioring,a ciling while, [epeating e Aoy steps,
it becomes possible to realize a hole 1Eliriﬁlng ﬁavmg a igﬁ straiﬁhtnegs' even
wHebSarRID r&affe s E8%r tHORE MOreeVef, Bieforifing agiide hofe Ravilge
apmacceptabie reundness, it is passikle teerferm asiable-ddlinga pathosito £

ca ﬁigvg.%vigrtatmf ogéheo%maa!kgia Ietertcigiell 1noo{ fth %sgrflttirplventi n thus
maﬁqng it possible fo'&denda usgb%;: Gite-tor the smaéoc%ameter ariit 1. [‘%)169?[]
Acfeatbre of the preserdtanventiod is totfernica guide€  holecusinga badlasred- avill
having outey jperipherah suttingredae {shAs 8 firstitungtion-of farming a.guide
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 thedrill 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 the drilled
hole, i.e., inside the drilled hole. In 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 a depth greater 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 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
gétmtoleontanwithdyole innertsurface framagortibiestnearl thelirtouteribrate

peripheral ends,at thetimesef-biting, thus gendering rit impossible 1o ensure r
an acceptable roundness. In contrast, if a ball end mill is used, since an area

n8&r tHe Ehisél tom&s Oints Coltatt and tHal the fobt HaRts intréades + 19
graduatly] itis ipossible 4o ehsaresa stablecdrilling with bifing: Besigesyiit ity

becomes passiRle [-ensure.an extramely geadypundpgssfor giguidehale.
formed by the outer peripheral cutting edge(s). [0073] A ball end mill does

(s) 3] .

nBEh8&d A efippucket whithds Gifveriise heBast for edting the Thitting 9
chipsda amdrohal drithe Besidepisineé isisrfessibles taperforin acdriingdrearr
aggeptahle rigidity, itis allowed tq remarkably improvea guide hole oo ap
precision. Usually, since a ball end mill utilizes only a ball cutting edge when
in-08ihg! tHéreTE ndneedtoHave a g lliterlerigth 3hie A i8 dthergse e -
neeessary thadormail dyilt, i tkerelne allewingdhe odter periphesakeutting i ng
evggtf d be short and the outer pserighe§al 1zljute qQreover.

{ , . i e.{o.be shallow; Moreover, ,
since_the Ball cltting edge is ground with a hlgth Srgg}%%n in‘order to

pérfornt athree i isiorral Enfikighthe halbékd PrilnRT ot besRakanctRds
makipgdt pessibie to dnprevetheipregisione: pf the reuadness ofraguide hole.

[0074] A second functjon of using.a ball end mill in forming _a guide hole in
o B T G CAR B e e P A reforbrich o ra T kAT
150F Q] 14Taed FIGT 4 b aed drawirysh showing teraaBonad to Why it e thod

pessible to greatlyisuppress na vibration that-oeours Hpen aditingiactiosefe o
the small-diameter , , _ s .
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 formingaguidehole. 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 ispossible toperformastabledrilling
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
holeusingaballendmill havingouterperipheral 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 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 endmill, 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 cegaide: hole A dsellsottomisirface isda arerapprokimagelyng outer

hgmispherical shape: iy adnickq deephlecdilling uising apmalkdiametes 1
drill 1, the outer peripheral corner 26 bites into the corner 27 of the guide
hBfe"and thé éﬁ}fﬁntgFBSin?rfdlﬁfo%sair?%hled&ﬁfﬁ]g?p&]n?%Sxe/?ﬁ%rdﬁééﬁ&na“d

regaratessookthectip angtén 6 o©f the small-diameter drill 1. At the same time,
the,ghisel 220t the smalkdiameterdrlll bifes infq.the,work piece, 20.and the

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

shitsil-diani &t arifiof Being el InThit 8 deeh Hole BRIy BBk aebsth? !
cutiingipointsigd and 25,Hherebyrrendering it possikledowensiae 1a stabitized

migra deep Nole, driiing (00,261, The,stabjlity,of the-small-digmeter dgll 1 tised

in_micro deep hole drilling varies greatly depending on how a vibration of the
tdol9s BpPressEd danRg A tihe pefdd fidm  thelstirt bf Biting HTiich ¢t thed
stnall-disrpetes1drilt d until thedotomesitface ofdthedquide holerhas beenst,
compgiely dre, The mefad,of formina.p uide hols,using 2 fallend il
of the present invention exhibits’ a remarkable effect at this stage. Tn
coRfrast e Britlirty Bltildeolé asing seeshrenticral canafe oncadual ly,
vibratiophecomes:lawgesindrilisgdhedbattom isurfacerof arguige heles ading)

Precizion il decrease remaeply andhe smalldameten il Lis getio. .
receive a damage. ] |(Sf S%OWS%?I(G S%’EIHZGS ofga(?tuaﬁylforme gwae
heles: tHat Wete férmad byethe-ball @ndemilbof thepreskentitvemtiors e (s) .
[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 and FIG. 15. FIG. 14 andFIG. 15 aredrawings
showing a reason as to why it is possible to greatly suppress

avibrationthat occursuponabitingactionof thesmall-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-1, 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
eddinill has fart estrensslghighpretisiom providingcancacceptablelrilling.
rouncdness.ln cantigstsuhien drilling a.guideholer usingealya pormal drilly
burrs will occur in the guide hole, producing an unacceptable roundness and
tHUECHAiNG 1 Brovide' A désired pretdsion “rHetéford it s ribrstbotlthat - ¥
wherethe rshralkdiameteri delt 1 veingeused @i micrordeep wlecdrdingnisixis

guideqlhy the ipner peripheral surface of the guidehole farmed Y Asration

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

tHE sl digieter Ari L, hent& Feduiting™ i ATOWKtraightridds e the Hiéd

hotel {0059} PP referably, et ball_et_ehdmildaisippd:\liﬂed_fwiﬂ'e r}_@téeenmamweutt'rpgl
edges, $0.35 IR ensurg,ap ability of removing cytting chips-apd thus ferming
a guide hole with a high precision. For example, only two cutting edges are
preRdEd 1Aty el il P EeiFthe? Lit iSreferabléthat atHigel viatPof &Ppall
eadimilli be insa rangesafz0.01dnanet assirihis is because suehmehisebral

width mak gi P ssible to d crease a cutté'gg r%si ance whenn the chisel
SE TN e e Sie s, el Suaing & wobkiin o the Bl ond i aed
tHUE-EASETRG hé fErmARTR D d gbite Nolé Withadigh prerisich Jop8ofion
Hexgaene ©f the mecessary congitions requined byihe jreseat iwentionis; .

that the diameter of a guide hole is_set_at Jeast 0.90 times.and at most 1.05
e e ST Sot T8 Lot Ao i Se ey 2 110 1
pbssible totsuppresyacutiingsesistandetorn the smalt diameter drilo2g8s in

beingused inyamicre deen hwlei ddlingon . 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

27



[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
sardll-dignretercdrit 1.t aave lardeidap wlv ioctur bebweén e tuide helksinher

walland the,small-diameter drillk beingdsed in: the, micrgdeep hale drilling,
rendering the small-diameter drill 1 unstable and thus unfavorably affecting
e Etraightiess of & hiifidd dRepNE1R. [5082] th 1% preSentinvéntiBn® the ™
deptifefa guidehdle i) Sétlatdeast 006 times and as mosb 2kimescahe drilfer

digmeter 12 of the, smalldiameter drill 1. 4n this way, dtispossible 110 Rrgyide;
a&l:]lde hole with an inner peripheral surface ensured by a constant hole
d

8{&} ifithe dedpHOIBAIrEREEH fOF gliting e Butet PeribheraPsarase bf
theasimatliciametep dtil Imin. the guide hole, thereby rendering it possible to

supprass a yohbling,of fhe small-diameyer, dull 1, being, used 'Byal%'%‘?f degp
hole drilling and to perform a micro deep hole drilling with an aCcceptable
straightfess "With thedepthdescribetrabo R forMing Brglide Hile 20
withca palend millnauiting .chips sl het get claggedinitheflute ofi thie ball e
end.mill (gh reby ensur]{r;_%ralnl xcgllent rou.r;L ness and.a nr cise pgéit'o(girég

for a u’i e oleért%@\% ere, i 'theucféﬁhwé aéjlﬁccig%oré is lesg than

tiRfex five BFilR didnrtec? bitie simaldiamerr dfiines theldeptd of ﬂ@g&i@%
hale sl betee sballowrandis 8ot eapable ofi sufficiently guiding th@hen the

smalldiameter drll Lbeing Lsedn micra deep hole drling makina the, ;
anﬁwg unstable and “ren ering |tl|rr?p055|%Ie to'enstre @ stifficient hole
piecigione 29 Omthe wtherdsanid itthel depth afauideeoleds greerahand
2dimes-the,drill digmeter-2 of the spalhdiagmeterdilh 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 toensureanabilityof 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 endmill
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. 1In 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
uselidn thie weierb deep hole illitrgrmettote of the prasent invention, the flute

lengil 11 is atleast Hitimes: apdyat mestitimes:the drill diameter-2 of the 9o
small-diameter . drill 1, and the Ien%th 12 of the neck section 6.is 10 or more

tind&th& it diam 8t 6F the Shialtdififreter dail 1 00851 By afifity 5" "9
hoteswhilerepeating the abovedteps usingirthelsmakdiagmeterddiilt I thecro

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

the dfitted Fole Thts enstiting BRHoceptable Siraihthess for % titied Hofe°
Initagt, thisefiect-caniberbbtainedby combiningnthé aboviecfeatareiwitif thee
togl stability based o thenew quide hole drilling method, which is,a.featire
of the drilling method™ of the present invention. [0086] Moreover, as shown in
FIG218 frandtfief efnBBdibtent. of ¢ smidli-diarheter drifl 13568 wrghe' 11
mickoudeepthelerdrillingymethoc okthe preseat nventiencadaperediiameter

expanded-diameter rtion 10 facing the shank section 7 is provided .
wstaem Sheg BREIe pl e S e g A AT
|edst 5 $irdes afdaatThest 19rtirmhes theldriiFdtabreten? of tHé siafledianteter

deilt de @ndhiedragth 12 ofthe secksedion: 61beingdpr more times the
B Lt e 30 Abeue staps g the omalFdater L
desé¢ribédlatove ban pigvideahé followhsd etfectacNanhelydsince dtapered:
expanded-diameter postien 10 isprovided betweensthesflute lengthpossibie
to provide a guide hole with an inner peripheral surface ensured
by a constant holediameter 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. With the depthdescribedabove,
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
aBsolitely heeeszandfor the deilliivgp piethod: of the preseat linviertiorer than

However theexistance ofibe dapered expandad-dismetargodiom 10has the
effect of preventing the cuttin chigs from ettin%bitten into_the neck section

6CthereBy ShsGiing'a turthie? Staisiided micts déep Halé dHitng® 0b88] L
now faxmicng déepholéedrifling priocesswithna drillihgadiameterdbeingel pims
Oﬁlgi%?s%% adriling depth beinge moredhan$0 times the. dallipg diameter ., .

been almost impossible itself, letting alone a drilling precision. This is

ha
béealisd whBR tisirtt|s Shidlidfihieter GfPT Faling ErPestension® ERgIF19°
(startimg from e e ckzenghavhiehl isib6 orimore times tihetdril digmeferra, a

dgll yigidipy,wil, ternarkably decreage, and.a driling. stahilty will greatlye son
depend on the precision of the guide hole. In contrast, the present invention
MdRES iti58ssible®td foriP Y guite hBiESby Using dBallérd hfldRARg Bhiter

peﬁipmeF_aiMﬁﬂ@ edge (9) Jam_def@edilﬂgéhe; elad_ il ontyl dndthel difectiaatofod
the: fg%%i'og_eas"é% pfthe end mill, E%%f %Hyﬁteenﬁlé%%ﬁﬂ i?‘ltge&'%e%%%%% times
roundness in a guided area cilrlllel by the outer peripheral cutting edge(s).

[GOYDRIR BAdfibh, SiRes thepréseht ifvemiitmakes it Fossibleltorsirase tie
battom surfaceotaguidaholeinte ant appreximately hemisphericdlor more

R B A 1 o Bssiof d 15 ingld 16 o hE Gmal diateriaril
1[Beinyl uskd irthelmicre degis hible Idrillinge #ius ensieing @v stabilized aiceo
degp hale drilling,ras-explained in FIGnd4cutting 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. 1Infact, thiseffectcanbeobtainedbycombining
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 thesmall-diameterdrill 1 usedin themicrodeepholedrilling
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
6beingl0ormore times thedrill 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 duringa 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
peéferabletthas thie ioutet periphera-dorres position: 33 df thessmalidiarieter
drll n1 dusinga stepback 30,08 lpcated in the hele drillingdirection 1&%@@)&
beyond the end face 32 of the entrance of the drilled hole. In fact, s

p8§¥f|%?1d§éi S AR Frork tie eRY fAce B5% P BRraree o the hﬁﬁ&} ﬁB?etPo
ahlextent which - latdeasti@03aimescard at mostchOtinés the drifidiameter

2.9fdhesmall-giameter drjl1./0092] Whendrilling a micro.deep hole having,

an L/D ratio of 50 or more, a small-diameter drill 1 is used which has a neck

sééﬁﬁn@ﬂéﬁr@lé%&%n@%ﬁﬁﬁ]ﬂé ASGHAY HStep HACK 30, “Bfics theDlter
periphietal eanert2e otthe smallbdigmeterddnill Bk ismoved backted@ position

cgpaple, of allowing, jisslf; %@%@i qye.awayfrom the.epd face 32 pfthe

entrance of the drilled hole, the small-diameter drill 1 will vibrate from side to
sidee Hfféytd“ﬁi‘élﬁﬁaﬁénpﬁstﬁék%bﬁl Rs Cébﬁ%{fﬁ, WAER tHE Sshalisdiamée? dl
13&&@Maedéoa@kﬂahcgﬂtﬁndﬁi&ed hole, the drill is likely to have a position

gl(%gp [099 %For th]csnre%son |t|(§ greferadbe t qtatnrllgt%uter BE gheﬁ%l is
corner position §o§‘ the small-diameter drill 1 uring a step

|Gttedinthe 1olE afifing Tirectorr W@a@d?@e&@%@ﬁ@@ﬁ@%@é%@@?ﬁ%t
entrasge ofthe drillech32/Bele. Incother words; dhisgpreferable that the puterg

perl‘%heg%sel%rner tosmon 33. be nEh retur %d to§ sttlo? carpable ?ﬁ%ﬁg

allowing'i 0 MOVe a a e end face 32 'of the enfrance 0
deilléd hotechn pisis V\mtygﬁﬁ:f,p@@éabtet@reah@et@m@céi stable drilfing dthoiy

the, rotating small-diametesdiill 11 zed micro deep hole drilling.
[0089] Up till now, a micro deep hole drilling process with
adrilling diameter being 1 mm or 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
the drill diameter 2, adrill rigiditywill 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
ahotiwsrggroblemnthal the ebtting ehipsiaccumhuldtedsnsitetheaflate 4 witlinot

be easilyremeved JFok thisgeason. itig preferablentoadepttherer daritl 1
above-described raane forFosmonlng the outers?erlgheral corner position 33

of the' EmaTictiantetsr <aritt £7By Virtle of tis it s poesible t'Stabiive e 2
behawiol of ¢hershealb disrmptércdr| dduringa step baakl30navoichalF IG. 14

sideste-gidevjbration and.thus; impreye a straightness. {009r] Acearding 10,

the micro deep hole drilling method of the present invention, It is preferable

tHat thePspééa ot feeting he §r¥|£P8|aarﬁ8t’eernlﬁﬂFir%fb?ﬁ@HbﬂedHfPh§ bEHt®
leastnd 1m/nhiraateat drast141m/mirpCanventiabaly whemsaitool diametet ng

large.oran L/DJatio, lssl%‘ites%a{%ng‘lecsﬁ‘?&%% faeding, 1he tool fs tynically,

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

pﬁi&é‘s%“féfl %rﬂﬁnﬁ”ﬁr@@%ﬁéjrﬁé M@e%ﬁ%&lé HaVing 4 hofe diafistey SfF Mypr
ot lessoand @ holewdepthigreater than 50 timesithe helediameter, if the

S feeding the small-diameter drill 1 during a_non-drillin is less than 1
o e S B e i e e

centactthednféfpEriphefal Surbdcé ot thedrilled Aslebeésidzliprg Xs&de
r%swbr%eemﬁpm@apefmal@ﬂa&@af:&baﬁriﬂﬁa Bﬁlﬂwﬂlﬂtﬂ@@@ﬂ@r drill

u?aof;ce rt%bég% 5 %Z 3{;{6e£ngleﬁ|c |sI Wln gyng]t Qn%Ct al o

practice e speef gf
shAtafledidhetes soriidl tdwrimg @ Aerdrfingfistdreatei thrr 20 mirhin, Suichlad

sheed is topfast. Asadgsultasieeithedentthi 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
1l ismovedbacktoapositioncapableofallowingitself 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 is 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 and FIG. 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 -precisivheParticdlarly,t wherecsd precisiohloftholeeinnéesurfaceowasa 1

required, #ownas specessaryde performea reaming process-aften drilling. dhus
rendering it impossible to ensure a highly efficient driIIin%.2t In_addition, when a
ifl

hole 8B Arilled isa ebp okt I was ImBE<eisle t5-arifiuse (ol8 With'e Arfi
[GOO9]iEhd mvertdrs ot ¢he présentirverition havealso fouid etheofollowinge

advantages, Namely; asshowpHp flGnd b ihe im%gmym digmelerof @ 411

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

san& 8 tHe Frif didmeter2 “\wh&n%@rilling a through hole, the
expanded-dizemeter portior 1uhas petraplyargliding effechdsuttalsa a33 is

raayner gifedt thatimproves, the precision.of a.drlled hole. 0100110, apce

particular, the inventors found that if the maximum-diameter portion 18 of the
expaht&ddiameter porfort tb Fasa eylidricdl Shape R&viRgsan than 0-03
appr@dmatelysthelsameadiaraeter as the driindiametena anst-havingia certain

lenath i the Jength direction of the smalldiameer dril 1, L will be possiblg,
to further |mpr18ve a through hole precision dndallow the cyllncji'rlcal

nabirirtiameterpbition to &bt hSaR ikpFdverr 34 lide Forthe drmtance
seetion oduring andrillingrecessnasqtoithe shape of the expeadeds:diameter
e o P e L B
shéwhsin FIGS. 120 15 22 [0301] 1y thieprasent inventibh; 4 miers deepitioles
dpllinge methed forgrillingra micke deepdbrough: hole with apagerptabls 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 speedof 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 thedrilledholebecomeslong. Asaresult,
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precision employs a small-diameter drill 1 having a special shape shown in
FIG. 1, FIG. 23 and FIG. 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
présentnirvenioniisicharacterizetdsy the followings! damehs thié Imethedme
employs asmall-diameter drill 3in whichythe flute length; d1is\atileast &, o
times and at most 10 times the drill diameter 2, and the length 12 of the neck
s8tiiGy 818 10°6F MorE%imes the drill diameter 2. The drilling is performed
whileYépeatingn thestep feed uhtinat,least théemaxmam-diaméterdiortiorr 18
ofthe expanded-diameten pertion. 10 4hat has-approximately. the same .,
diameter as the drill diameter 2 of the small-diameter drill 1, or the cylindrical
poRtiBAthaL FEE BpraXimatelythe Saffe difmdter 38'the Sl faméer2ath
completelyegoes thseugh the 6 dsitlechkotend 0103} Anproeessnip 1o thesmiddle,
stage of the drilling method. of the present invention, as,shQwy INFIG, 25

contains steps (a) (b) (c) which are carried out in such an order to cut in a
dirBetioR NdicRSH by dbwh-Fating afrdws M theldraiing By continuously
cutiingga predetermined stepedeptbeddo Wien? drilliagra dholeswhites repaatingn
the feed, the maximum-diameter portion.18 of the expanded-diameter
P S L R L R L 1o
cynddcalpoition havingtheldame dakiedr asftid ergatded-diametdron -
porion:101 serubstheinned surfacesf a: drilechholegand sueh arsgrudpbing |

effect funions to,mprave, the rughness and precision of the et syrage
O% e cfrfﬁe ﬁofle n ﬁTIS way, the roug nesg frt%e inner surface &OGS no

bebeire pobreventhough thelteol mesrbe wdms andaso UPevenstreast ocear
which issatherwiseeayseehdyeto the Wedf-ocess 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 if 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 precisionandallow

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

neaxisheI i diamete dportiors £8 alsy functionsnas a guide!l forastepfeedsandAs
thus suppLesses assideassidenvibrationet the small-diameger drll Jsinthe
drilled hole, thereby ensuring an improved straightness for a drilled hole. In
abiaftich by BroViiily aThaXimbn®diameter portbn T8 the Quitting Chigd "™
gereratethduringea diitimgrare keptirerh bitinglinto e mreek sectionss @madse

theg 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 usir%t.he

dfifih'rhethdd Pthepredent inventidn R 'shéwhin™ ®IES D8 ()L and hlgrio?
artestowirig the-firial stage in drilinig < throughyhote is shiowrein £4Ge26:(b) o
‘3{%‘% aconyentional, method of drilling,a throygh hale,.a IP§ nefrafian leogth

of the small-diameter drill 1 is defined as a length the drill tip_protrudes
frof? thelidrk pieke Fafid i$SaffiEiRht as fong JeheY dritPfipsBRrtehas i figiec -
morelthanibe hole depihyas-shewstirFGr 260b) 1[0106]dncapyingeut the
drjlipg,method of the present 3 invention, the small-digmeter dril is .
intentlonaﬁy caused to penetrate?urt er deeper than the'hole gept unti the

il iR teSpo RO 18 b f thecaxgaded idiameter porisaogsrevidet
behind theydeill sestionrs samipletely comas aphob the£xit138 of the dridedhe

hgle.. V\Jlamegl as shawn in FIG. 26 (a) , when using the method of the
rill . dr ﬂs Y 2.1 . . . . .
present invention, a drilling is performed until a maximum-diameter portion

180 expramdedcdiantgerporion ¥ havinga tapéred portibhvhosesent
diameter has been-enlasged taward the shankssection 74@ thexame1y, 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 theh drillieg hatihod igfithé pPresent inventidrs, tiredklingdnethold of

the, present davention-¢an provide anyexaellent baleinngr swface pregision
over the entire inner surface from the hole entrance 37 to the hole exit 38 of

i HFBHGH 1ol "Ehd Ts RRpABIRY" of ehstifing dh ERCelldt Straighthass 18f e
ddlted helehaégardiesssof-a throaghidivle wirderea severe tonditice vihereothe

dilled hole.diameter is 1-mm of lessand dhe-depth 510 or more ires the g

drilled hole diameter. Such an effect is shown in FIG. 26 (a) as an inner

stiffaGe 43 BtAiHRd By ViR bPHE HaRIMbh tfiameet portioRors Githe ot
ekpandedsdiametenpartioyh10h§0108] Indhe present invention;neken drillag

isperdormead By repeaiing stepfeed, g maximuymzdiameter portion 18 of the

expanded-diameter portion 10, serving as means for improving the precision
of 24Afdughtfile c3&ibs e mhiet SuFAce 61 - dHifet hoté ArFrdt sherame
sesubbing effegt tmprogves thei 36 rouglhness andithe precisian of the teny
spacs affhe gl ole, thereby.tendering L pogsiblc fp otaln AfghlY
precise inner surface over the entire innér surface of the drilled hole from
theentraficeé t61he exitotthe diledhidiesike the s suHaéeaRnty the
agglition, singe-thermaximum:diametes pastien 48reftheexpandeddiameter
pation 10 sepubs the-fole Inner, surtage, e [oudhness of thefole inner, .,
strface does not'become poor aven t ougth the oofnmay & worn and
uhévenriessadoermotxdtetewhichds attredvisectaused duedo dnlidflaeate of

the weat. Q108 Moregver: by witkeiofa sgrubhingreffeat Rraduggdbysu i de
for step feed and thus suppresses a side-to-side vibration of
the small-diameter drill 1 in thedrilled 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
sinaltedianreter tdrifl $usel i hoke dillihgthas thrsughtivole preeisioh caused

ingroving-means. ueh throughhole pregision dmprovng;gigans can provide
a scrubbing effect and also serve as a gﬁder for steg feed by virtue of an
p

eXpantEE-dHAMETE ottt 16 having apptoximatdly the Same diantster a8”
thid) dritladianveter 2h im thishwayr itlbecemesopossiletbanmimizerees out of

sidestesgide vibratiop;of the; small-dianaetendriill in a,drilled fiole, thergby, ¢
further improving a straightness for a through hole. [0111] On the other

hand; 28 SHowir MG 28Th] i aC Ednivemtora tritiRg TEMUY employs'thie?

smll-ﬁmetenrec&ill ubof n_heapr_emirimmmm@ugh;theﬁ‘ﬁrshhaﬁaof af an
dalling, process, gan obtaip,an inney @%ﬂ%‘f Leflecting.an advantage,, s

provided by the maximum-diameter portion 18 of the' expanded-diameter
POHBHT IO bUE AnBRTet iRREF SHffAcE AR FAlIs b6 obtait'thessdme advdritages
previdedibynthe: maximum-giameter 23& pertion 136f theexpandad-diametes
portion 10..[0112] In th sent invention, "micra deep hole"” means a
o eh hold Rading a s Tamets or b o R B e oo o dssent
Merésimesthe vl diarReRFCespecially aodepthter 15816t mbre fimes the
hotel diametemn &as sueh, kind ofipiero deepr doledt is:particwdarly iraperant n
that precisign aintained . during drillin that it is preferable that drilling
e R by B g e SH e o T S Seiy et S
hoke cHere, dheapréfoemedtguidetasle-functions e contreinthecaxial direttiong
ohthe,small-giameter,drid 4 s that,the pesitian: of the centersof the ddlled re

hole may not deviate. , , _
in 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 a preformed guide
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
expagded-dianeteérsorticrr16 exparidirtein the directibhdowdrd nthelshankd
seetiQn 7 anddecated, hetween theear and-of thewlrill sectionhapd the s se

neck section 6, having a maximum diameter which is approximately the

g h
saEas e @fiPdiaineters. Flirtdsr,  tHE Snvaik-rdiieter ol T has' s fdte <
length thokatleast<s timeseandiat afost ¢0itirmeshe diif dianetern? dm the

neck (sections 6 has alength which is,atleast 10.umes ibg drildiamelsr :2.on
Drilling is Eb%rformed while repeating step feed at least until the

miakifturh‘tfiafigtar fortich: 18 of the Mpanded-diatiétdr Spbition 20having ©
approxinatety thesare eianetenastibeddiil ndiametera2 eampletely become

Pgpeirates thraughithe dalled holg,, [0414] Praferally, 106e nness does not

maximum-diameter portion 18 of the expanded-diameter portion 10 has a
cyirdricarskapewhoser disifictar R approxirately tHe sanfecag e mear -

maximam iaaeterof thatexpanrded-diameteppattipreand hasoa eetiadn by
Sneih,n.the,29.1ength direcion of the small-diameter gl L TS [ hecause
such an arrangement is most suitable for further improving the precision of a

thrBughiRolerand taprarkd $&vd as antmsrovetr iidetfeans e ifg anely
dglling, [0dde)dhetefore, anatherddlling methedaccardingta the: present
in lerp{ig .ig a mi%ro %eselghshorlle drirlll'r#g g}lethgdaitn lv!h'cgm% smral(ligilalrﬁr]eﬁer dglrll
lis use JTogdrﬁifacfﬁroug hofe Ravi g A hol& dianteter of T'mim of fess and a
deptiesfd 8p moke tienes nthedwsle diametarn The mmak-eiahedterdhrillt e hasd

between the drillisection $apdibe negkisection 6 @ tanered ptigRy in a
containing a maximum-djameter portion 18 enlarged toward the shank

SERAiS 7Ty 1S apProximatelythe Saifie 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 same diameterasthedrill diameter 2. Inthisway, itbecomes
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 as the 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
pBAICH ©8 of the expandedrdiadssted pertdre 1l Phavingra diameter that is

appsaximatety, the sapie as the drille diameter, rthe @dipdricabpoptiot s &
havinC? a diameter that is a proximz%er:‘%/ the same as the drill diameter 2,

cORpISETy "eoméS thrdtdgh e artied ioR” (5116 EVRh Whatr usitg the=Pt?
abévemethowsitistpreferabile thatl ¢he smaelt-diametaredrilbl be guitigathy af

preformed guidehale.  Infagt, thesmethad of the presentin¥entan iSro dee
partlcular% suitable for drilling a deep thro#g}h hole having an L/D ratio of 30

of iSre [ LE7P MIreGYeR it i prEfRTaBR At the fetfuth of the® Eindrizared
particmwhithiisldonnected withtthetmaximumaidiameter fgortiont £ 81Having la

approximataly he samg diameter as the.dill diameter 2 and which bas the

maximum-diameter be 2 or less times 40 the drill diameter 2. 1f the length is

gPeHiter thah® tifes e a CURiRGTEsistance ddingCd 2 dtting protessamf R trol
bereme:larged i{0438] Hurther; mhemdrillingiahete in a:righ-stresgthductiles
steel such as stainless steel, it is preferable. that a helix angle of the flute 4
et 30 s s SR AR B TY, oS
all6y 58¢h a¥ashihumtalRy Torcoppacaldy thetelixldnglesithetige ahe
sheulghe hetween 40 and 50 degreesdmthis way.singg itds pessibledei ch
reduce_a cutting torque by virtue of these helix angles, it becomes possible
O R O A ST St G T E IS he B ShLo
Seortthevedk Sedtior&vgets in dontact witkethrerinher petripheral safacet a

the gdrilledehole, and thus ; adictwation bappens-inthe eutting farougiand e r
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 the direction 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
sectiono6hasalengthwhichisat least10timesthedrill 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 tBxanyile hewhichlevblaatesthealsirhightnedd as abasicause

effgehof the preseat.davention. (exampledh)As examplas-of the PIRSEN the
invention and comparative examples, each drill is prowded with two cuttin

elhes idiig a 8nﬁ*&ﬁ§ﬁﬁ%¥e}‘8ﬂﬁ 2 RinC &Gt TRe RE ARGl 5F 30 d@&r‘é%‘égda
webi thckmesssofd 0¥ (35%!3fithe .drill diameter), a shank diameter of 3

mip; 284l a drjll.sectionlength 5.0f, 1.4, MM.;Yarious parameters arg shown,in

Table 1, including flute Iength diameter 41 reduction of outer diameter (back
té)d?eerﬁﬁférﬁ&ﬁ( i) - Otitet Sdiafhetérat fiekeEnd dnd Héﬁ%ﬁﬁta%%é?e%f ch
straighitlyl tapiered t expanded-tiametes partiamsi 11 Eablerbufititen lehg tha oliter

dgaq@gi%r at fyte end, and maximyrm diameter of SYIhtly Rered o +imes

xpanded-diameter portion are each expressed as a ratio with respect to the

ﬁ%ll]éﬂjr&é?l AGASE matetalbr each e is arfthfa- findtained tefrehted

cathide inswhich thesavarage hparticleksize of WE is 0.6 pru@rless ans€aon

content is 13 wb, W|th the %I‘I” se%tlon and. the n ggk seftlon bgln cov% %k -
oc

with aanl,&]I]Crﬂl coatlng f%)lZle As test co?fail—’tlloonn US304 re rectangular

WAk Brepared 1as workpieee2 Wi & ®F tHe réSantther SUrtdcessering s

reference;surface.An ppgf@ticghofe&@&dfam@m@@ﬁ}om@@ 1iBra MANAaes
such that the dept Ildlr ctlon f a drilled hn ole is (Joara(yel Wii;p the Eefgrenc%
a that 1s the

ri ortion havin lameter
suﬁ”mge ‘Fﬁen a\'\/er%lc Ftlyp p
same as themaximumdiameter. Further, thesmall-diameterdrill

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
approgdimately hensisphierical glifdé holé 4y esdiarmeteroft a2 mimared a
dgmb@l%@f@gh%%f@@&@ﬂmaeawqm%@e&%{e@mm 122} AS13 rge .

method for evaluation, a wor 1|J’mece was cut at the position of a drilled hole

aftBr drifling, SaraNer withh the TéfereRds ditdce” SiBSEGuerty, A distanta
frone the setérencessuriade to thye @mler periperat stiefage 1of theadrilkedhdole

was measured ats, points indbe depth dicectian otthecdrilled ke, with 2 4

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

distAAcEs kN ey aSrdightiessi Thelt an-deragesraightrdsdwas L 1oy
calculatedt fremlthe straighiness ofghe tOthihwole] 30thiheteand bethdoleen

respagtively.uith 42 the results; shown in Table . 1@1&28% Lhahle 1).Diameter

reduction Outer diameter Maximum Average Sample Flute length (back

tdpetitig P Aute SRAYiameter sHightn 558 SRuRBET tifTe®) Binoditt RFAEEES
(tires) B1)e (AO0mM)b A1l Q 2® 090 0:99 8&:0eCAR 10-104:954:99:8.01 A3

ARSI AN B INANAST AN R0 00 A0S
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 length50f 1.1 mm. Various

parameters are shown in Table 1, including flute length, diameter
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A932.00.950.99-aA10101.00.870.99 15.0 All101.00.950.9517.0 p
Alt 10 1.0 0.95 0.92 20.0 A13 10 1.0 1.00 0.99 12.0 A14 11 1.0 0.950.99
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
realizingastabilized deep hole drilling. Particularly, examples A4 and AS of
thee pregentinvehtion trravingl arfittedenthcdf S-RPE times thiecdrilk diantategr

apd gxaraple oA of thepresentinventionhaving & largetapesingantape red
maximum diameter were found to be acceptable since they exhibit an

aCEEPTABTE straffHthess Bt fdsfian 8)pm’ Sh the otherfiand S 2ohisarative”
exampie AQanhosetiute dermgthl nasiditimesahe dritl odiameteg ldrilwag e red

broken st befarereaching adepth, of %éc}'in%kigﬁ@@sfgét daligd:hgles, i tn
Besides, in comparative examples A10 to Al4, 50 holes were drilled, but

tHEPEfGigHtRESE S "éxXce €d6d'165m afdhts AGCaceptable, AZEAr+11
Exaraples 2rand 3rshoyr the eesuksef evdluatiansiont therafféctshef guitdeage

ppdians. (Example ) A3 AS xamples,of e presentinventionands 13 s,

comparative examples, each drill was provided with two cutting edges,
h#ving & 8rfidiam s bf 0723 m, "8 ArilPSectior bt 171 fint @ ARERTSECon
length of &y Ocvunt,iauy overall length of 40 mm, a flute helix angle of 30

d gregs, aye thickness of 0.07. (g 5% qof _the Qrill [ meter a_shank
e o e R e e I T Bl BN
of th&@ pieElkede&ion .Wéﬁoﬂ@es%%ﬁié% Wé@?@ﬁél@ﬂ ﬁlé??/ﬁﬁféﬁf@r%ﬁ?’ﬁ@@kas

seetien-ouiter sdiameters, guide portian auWendameters) guisle PORIOAf ormed
lengths, Tluts lendths, outer dlameter reductions (back tapgring amount. ;
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
0.2mmandadepthof0.2mmwas 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
holewasmeasuredat 5points in thedepthdirectionof 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,
withcorre of tes redtangular stefakesl serving as reference surface. An
operation of hele deilling was performed in a manner such that the depth
direction of a drilled hole is parallel with the reference surface. Then, a

VETtCartype MaChMNy S ERE @R M sed 10 O 3 hrod h holésS with the
. A0 . Jameter 1 - Verage
clittingiednditionsbeing: numberaf feVAfiHEHE was 15,080 min-1.{&ifiing
speethias apptBimately Q¥ ®min) , feegiag amount:pey revolutionun.002
nirfrevolbition—step-ametit SReh—time—6-02-mm 0% ot the-drit-diameter)
h | er:\’f - Q wfgv\ (EQ +imnr~lc+(2n At r*llnrvo\.\ré\g:\v\ \ ln+n:(2§,é‘|..|n|,. PReRTY :.:é.i.é H I
ple A,gu oo AU e iy Reloy) §5CI} — vt 3ot CUting ofrw S
su@piig FOR c]‘btside asa c?{alant. } ad‘big"n, atrthe tié".ﬂg of rillir",dﬂv‘l
Direxmptely-+ 'éemisp.* erical '%uide fote r‘b"'\gng dianfb%lé:“r ef-§-2 n“:l“é“. ancl
2 MRl Was farmea’éig} the—werk-pieee-beferehand-{0127 r"‘(g
an-epticalicroscope-was-tused-to—measute apes t:oningj
ho d § de I%C l\llt\fxn\nllqﬂg-\ thao
) . IVI\;GIIV\II?IC, aTc
e Hont side-and back
| #aeelgﬂa—mgﬂepiee'g—se—as
re a daviation of thelcente posm%h of the drifldd hold—thereby
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[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 pym 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 uym. 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 um and thus not acceptable.

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

(Example 2)
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B10.1700.198 0.30 1.9 11 0190 0.1999 B 2 0.180 0.197 0.29 2.0 1.0
0.190 0.198 8 83 0196 0.198 029 2.1 1.1 0.188 0.198 7 B 4 0.190 0.196
0.302.01.00.190 0.198 8 0 BS 0.191 0,200 0.312.01.00.191 0.1996 B 6
0.188 0.198 0.04 2.0 1.1 0.190 0.1999 B 7 0.190 0.196 010 2.1 1.0 0.190
0.198 8 B 80.188 0.198 0.202.1 1.0 0.189 0.199 7 B9 0.189 0198 035 2,0
100.189 0.198 6 0 B10 0.191 0.198 0,40 2.0 1.2 0.190 0198 8 Bit 0.190
0.197 030~F9 4xBORI8% 0200-8BL2K: 289 0197031 20 E00.X90n0Agg 8ve

Bd:3:hd 94 0.138.0.90:2.0 4001964439, 10t BL4 0909 488 552910 1,4
0.190 0.198 6 B15 0.190 0.198 030 1.4 2,0 0.191 0.200 6 B160.191 0.199

030°F.8'2,0°0:388'G 198" "B 176190 67198'036 Y0211 6,190 0.580 7 BfE*
0£89 0198 €30t2:05Z,(°0. 19610, 260 9vB19 111650197 030 2010 0. 188t e

0:198 20,6290.198:0.198,0.31,19.1.1.9, 189,098 - B2 3189 Q194,230 21
110.191 0.199 18 B22 0.191 0.205 030 19 10 0,190 0199 B23 0,190 0,198
00329 12 0O R 18 BDAT BT HAGT 452 1. 076196 616818 "B o5

0118098 .aRAOL6 (0191 10-200 e BREIX 19 B.AOB8 H29c2 1.0 Va¥4ous

Os]afﬂﬁfi%ésB%éPelg&Q 18e83%§\%80 %1990.190 1,/.Q,B28.01880.197. .
0.30 19 10 0.190 0.184 20 B29°0.190 0.199 0.31 2.0 1.1 0.189 0.198 16

[CEZICESSefliehtly PE&EmMPIesS B fPBIBUTTRE preseiRt Pintention fregehs /
canriecQutrigasmany asBh: helesr By virtie cofsthe il shapesfoumednt ) ,

agegrding tofhe presentinvention, the nyention was able fomake the .,
cutting chips to stay within the flute so as to prevent the C?'IIDS from getting

bRtteTRIHES tthe eeR Lt fom P ARy HsH Ro&Fdightnes$hRen 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 um or less and Co content was 13 w%, with the drill section
and the neck section being covered with an Al1CrN 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 speedwas approximately 9.4 m/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. 1In 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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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 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 straightness of 6 pm. Moreover, example B9 of the present
inentionhawingd guidéportion lengthhef @851maY; provided @kighrguiales o
effechand thus anaceepiable straightness of 6:pm. 03O the other s te

hand, in comparative example B19 the drill had a poor rigidjty due to a small
n&eR BtRSF diaBter §hd THie eéhcﬁn386£8fé%l8%t?aiﬁﬁﬁ%%éjs%?%o S
corparatve éxangle cB20f thead ikt wasrhyokert hearc drillediholel deptle b,
2,9, 0,1 thedirsthle. It can e sopsidered thata drill brakeydyge 1o a lasge
neck outer diameter which caused the neck section to bumper against a
dRfi€d hofe Ahdtherd' AR T icteaded ctiy reRistandé. In‘comparative
exaniple B21] Siieckea guide portion outer diameter was small and thus a
guide effect was not sufficient, resulting a straightness which was as large as

18 aEl)irE. It[ilameter otp ad';mlggfex. a Le BF%u%e’l Elhs GIJlL IthJnge ﬂl Erens:l r ”ﬁgﬂ |3 qeeg&b (f
1 fumim,ng@secgmpgﬁf@gom hérecthe gq;,gfggt p )rt;rl%wmw S A0t tolienter theitired
hale. This @as grotmbly duétd allarge guide’p8ttibn enter diaffieter wiith
BL| ,0170 0198 . 030 .19 L 11 . 0190 , 1.5 p199 9 .
Causes[a Ialge GUtling TeSISIATCE 11T ta€ goTae 0O IoTbap) LI L] HleLomparativy

exarpiie-BAS sinedthe guidd pottion was-shigrt-tne fifide efif- was bt
suifficient and thiis the straightness istundesirablylasdargelasod8 pm._Upaon
S [ BS6. 0,188 ., 0198, [, Up4 20 , L, 11 7 190~ [, .0199 ' ]
observing s drithswisich hagidoeem used, it was foundidsat Chipgngwas
0 \éL B3 il a i iHE nArtin® 2 OAd thetinthar hathd in AHShnarathl® alramAla
I.‘ﬂ Iggllu '0.18’9"’ Ullo«iyg P ILIUG.BS T LII\Q-OJLI LA ] II(It.bIU, LI} \.ﬁisgl'd lutb'\i% A>3 MIIIGJIL;
BP4[dhe geide portiean whs @0 lohg, the skraighindss ow@s stilemdasirably als
2 [Bl1| ~0190 [, 0.197 L 030 | ’ 1 0.180 0200 , g 7
largesas 1o, [Thi:@S pertaps Qecadse [a viration bed occuied fue t0 a

i BIZ A Ay v Aot 0300 tHA ~N2O A At fn 0196 A R0 Ao a0 A
In A\'2 2‘) \% | lgd,l.llld I\UMJLM lbcozgll |9} A>3 uwuc Ullj_lyll. T Ld.igélp Ialbx_% C/\(J.IIIHIC

BP5|®inceotbye 0.198 0.30 14 2.0 0.191 0.200 6

B16 0.191 0.199 0.30 18 20 0.188 0.198 8

B17 0.190 0.198 029 20 2.1 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 20 1.0 0.188 0.198 20

% [B20 0.198 0.198 031 19 11 0.189 0.198 =

e [B21 0.189 0.194 030 2.1 11 0.191 0.199 18

g 622 0.191 0.205 030 19 10 0.190 0.199 =

s [B23 0.190 0.198 0.03 20 12 0.190 0.198 18

2 [B24 0.189 0.199 045 20 10 0.190 0.198 18

E [B25 0.190 0.198 0.29 06 2.0 0.191 0.200 =

g 826 0.190 0.198 029 20 10 0.174 0198 15

g [B27 0.191 0.198 0.30 2.0 10 0.190 0.190 17

O [B28 0.188 0.197 030 19 1.0 0.190 0.184 20

B29 0.190 0.199 031 2.0 11 0.189 0.198 16

[0129] Consequently, examples Bl to B1l8 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 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 um.
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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 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 same specifications as in example B5 of the present
ifvertiohs SEveialksanmrles svaré madd with keneck partivddength beinguds: r

mM=ARQueralt lengths0 mm,,and differentrguideportiendatervals. Asdestn
conditions, through holes having _a drilled hole depth of 10 mm (80 times the

dfiff REheter ers dfmEacHitottferBonditahe beihg t%éaé%é &yt the
exanpie t2 iBvaluation items age ¢thgsadte asin example & T hef rdsults @re

SBQW@i@e@Q'ﬁi%k[%%e[%@@& §§@t‘§@%ﬁ rﬁ@g}%g%%@@ﬂ%ﬁ@{ne Ss

Length of Guide portion Flurel Back tapering Outer diameter Maximum
A?/Erégémhmrbea of neck section of guide portion guide portion interval

lenpith @wundoffluteend iameter Straightpaeas i(mmyémpi)e(mng) € i)
A%%Og‘?%ém@lémw—ﬁ@e Bxamples of 8300.191.0199 0,221,024 1.9,

(

0.190 0198 8 the invention B31 0.1910.198 0.30 1.6 2.1'1.1 0.190 0198 7
B32 BUESORITE°0 3E 2560 20710 0°88 0 20044 BIZ 02289 T 298 (°29°G60 1 ©
26 00 G191 9198115 Comparativec’34:0.49110.498:0.29 G802 -k 2010

0.200.13 .ample. B35 0.190 0.197 0,30 2.20 2.0 1.20.191 0.1 4 B36
0TS 1B 0 00 B 5 L1 A 18 0ok 18 (015 A 3 et i St
B30 f B32%5F the Preseheindeénticr haviiy §hide Boribr teRRis ofect ion

bebvaeibd H19m ABd 2210 MM: @RNResatiomef-bale deling havirg @aut t ing
acceptajple straigﬂt}nesrsn of 10tpm or less wa %ccessful based gn an egfect
of ﬁselauiadnecﬁdrtions %?ov?i%@% in the NGCK section’ [5i§§]€ Onthe ot ?]ﬁalno,
coniparatiesranples'BS3 Al B34 rfailéd te produicedan adéquaatevas not
staighiness, T hisdsPerRapsa 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 um. 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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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
héle drilliveg atethed 47 forsdefermining dn optiment guidethale are explained
inexamples; % », 6Aand 1,,0137L(Example A)As exampie Clofthepresent

invention and conventional examples C2 to C4, a ball end mill for drilling a
ghitERoR™ in BxHpIE C 1 BF the' Bresent ifivertion was prepared, which
incldded two(Extdimg ledges, having a cutting edge diameter of 0.2 mm, a ball
cuttingiedge, and ag outer peripheral cugting, :edge. Indetail the cutting edge
length of the outer peripheral cutting edge was 0.4 mm, a relief angle of the
olitéT periptidtal "EUthARG Edye WALSIS HeGréls, Sihd tHe olitéididhidtet ot thé
shamk iwas 4o H@Eﬂg%&ﬁnkiﬁd&@f@dﬂ”ﬂfﬂmdtjﬂmg Qhrenguidd chﬁo‘.fés_ irent
canveRional@xamales (5 1o &t were arepased. aiah,Joclude g, Quding.

ges, having a cutting edge diameter of 0.2 mm, a flute length of 0.4 mm,
ahd'd 8HahK otterdiameter=af4 mim| With tiplahgles 16'6¢lhg 130, 246 &
156r40Q1:38] X basei ratetiad for erndalt end snik and ardyib fere drlling axguisiee
hgle contained 8 wt% of Co, with WC average patrticle size being 0.4 to Q.
o, A Sy g parron or LTS Baras Bated with FAI i
havigsa MiekAdsd 2672 pir. In addition, a small-diameter drill for micro deep
hoter drillinghash twg cutting edges, a drill diameter of 0.2 mm, a flute helix

ol £ 2N arab—thialaa afr\f\7 va-f(AC0L ~F +1 nluilld,i_&mefe_
a| IyIT Ul oY UCHI]CD, A VWU UINUARTICTOOS V.UI T {(OJ170 Ut i urin y
i

Opter diamgter | Outps diameter [ Lengthof 4 Guide portio ack tapgring |Ouer di: T axim verage
and grshapkeoliier diaficter. bf-3 Tt Here-a (e Ienghds was.d. 0, p
back tapeting"amoufif’ was ©'5/100"hm, a neck Hidthetet"Was 0“T85|mMATY an
— . 1B30], _ 0.19], 0.199 0.29 10 2.1 10 0.190 0.198 8
eiterrs BB I LI 0.198 0.30 16 2.1 11 0.190 0.198 7

the invention

B32 0.190 0.198 031 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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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 48 by repeating step feed. In conventional examples C2
tdf c4 dearous rillg for dellinguguitiel Helés aadhaving tip iarglesn o830t s
120 weresused tg drill the same guide holes as in example C1 of the present
invention, thereby effecting the same drilling process. [0140] As test
conditiohs, guidie HdtEs Were drilled in succession with a pitch of 0.25 mm
betweéys helexposiions ont oreesurface of anSES316rblack servingrasianal

V‘@E%rl?ﬁ%% e, asmall-diameter, migro deep,hole drill;wgs used; to-delh )
through holes having a hole diameter of 0.2 mm and a hole depth of 4 mm,

i.&7 Wit e Roleldeépth Deind 28 tihés e Gt tiamBeer Bf e red, which
smatli@jamﬂencdrdhtttenﬁag tbeldn@fkl,ehdmiﬂgtbg clritlit and tdéxegsmailgﬂianmigo £
il wege al usge-foharianm aeLeuting Wil AUpbsLOf eygltions fejng
25,000 min-1, feeding speed 50 mm/min, and step amount per step 0.02

nffiEtep. 129} BeSides & féeding speed of a<hidlliidiarmete onfi “darRg 2L
nentdrillinganas setanla mimia for allsamples: b thisstests bothdhe pheral
example ofthe present invention.ang the, copventional expmples Were, .
conéucte to ?epeat a step?ee. in a position where the outer peripheral

cBaferipdsitiont 33 f the rsmdiildiameterdriilderinga Steplbadie 3bhRaguide

located 0i% nyan from the enddases-ef the entrance of the dejled hwlein the
positive direction so that the corner position 33 could surely mave away.

o G ubiEh B G i e e P S gad e of
alerageinterval betweendidlegoditidnsrancean aveshge kholetdiandtereter

Fyether siraightnessiwaspeasured By usingian -, 140° 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 Cl1 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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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 was
put to an end when up to 200 holes were drilled stably. The results are
showndan<Fabled. §0e23]aable 4]AverageAverage intervallSamiple Tip C4,

apgle: efhole between.hale; Straightness Number numberpriderholg diameter
positions drilled holes Remarks _drill ) (mm) (mm) (mm) (holes) Examples of

the invehtion c1°20. 257 6.2548.005 200200 Hol&§ Witt? Ho BreAkage € @
1804R26 0280 3.02( 49 Breakages otdwrmred-atthed50HT hete Canipar atives
C3.14Q pn%lgpo%gé 0.018 61 Breakage occurred examples at the 62nd hole
C4 150 0.230 0.300 0.023 29 Breakage occurred at the 30th hole [0144] As

a rBSGR) whePtheYilideaIRs WereSforisd UeingC i1 bdiféfd Miitofed ™ 1n
exampie €bof the preserittinuention,. the rsmak-diemeterodr| wasiablerte on

stably drillup. fo 200, hales,; obtaining acceptable AeCiSIons f0f e ce . then,

thedrilledmicrodeep holes, i.e., an average hole diameter was 0.203 mm, an
avetge inferodr betwien Rofe podifidisiwas b25% Aimd &rdce straightriassh
Was1@.s00% v Ehe seasan derthis can lie considetad astollowss iNamety, 4
sifyee the.positiqning, precision,and;the.hole precision.at the fime, of forming,
the guide holes are extremeﬁy ggoél, and since the bottom surface of the
gtidéMoreis fonmedrfferart apptoxitiately émisphériiat Shepe, afifting is- 1
peHernedgradually from the-entrance afithe guide hele toward the centen g,

with number 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 andan average
hole diameter. Further, straightness was measured by using an
optical microscope tomeasure, fromthe front side andback side,
coordinate distances from a reference surface of a work piece,
followed by detecting a deviation of the center position of the
drilledhole. Moreover, thenumberofdrilledholeswas recorded
at the time when chipping or breakage occurred on the

small-diameter drill guided by the guide hole. Then, drilling
49



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 holes, i.e., an average hole diameter was 0.220 mm,
arieaveragedrmerealbetweenrhole positions was 0280 mArdrts®ly. The
straightness was<0.920 mm.tERsds perhaps because the positioning
precision and the hole precision of the guide holes are poor when the guide
holes'are fored F@rther, it can be considered that since an opening angle
fgrmed as a guide NOIE A% L34 anlip.angie of the smalt-arameter dritt 75
140, theitip p gﬁ{;@ﬂz@? theodrill %mhget intarconattVith a holg bottom, ahd
this cAti&es thearifl tolviB3FSEe from*dfde t9sideand-thus produces an

VIKDTOACO DTONG
o atallalleal ..l:é,r“ ar mmy . | dholes) | . ccikhilibaf
racceptgorenore-tiaietet Prectsiof,nenceoft

3
=3

qom) ) m) L (mmy L Lot e
HII IHGU\.JUL GIJUQQIIJIIIL_yUI

laaRRdhesmali-diametes drill. [0546] Regending thw gujide ioles formeg: Jn
. )

At 41 ] s laC2 h H wHa- hal h (TP H
brventiohatexamplte-C3-by-tsing-a-guige-hole-grillthe small-diameter-¢r

foke at thez2ttiivolel, causing a geeatly feviated pregision e MY

| 1 and avaran hale-diameatoriwviace N 210 b anlavarana intarvual
pIES, |.e. affaverage noreaameter-was v Zro i, afaverageHtefvan

CHEEN hate|positions was 0[275a1e, 4 staightness was O the

ole
h f r—thie can ha ~canciderad-ac followe Namelhvs—cineos an ananino
reason 1o1th$-can-be—Cconstaereaastonpws—Namety,-Stce-an-epenny

angle formed | asiguiide Holejis 20end a tipangle of the g iEter

Hic alcay 14 anA cinan thalaion Afthnaltanl 1o i b a ottt racictanocdh
mrio AdAiouv 415 y AANTU OITTOULC UTOC Ol UT UTC tUVUT 1O TTTTITTute, wuLenl IH rceorotarie

incyeases togdmuch«uring ashiting agtioguofithe diilkscausiag @-easy using
viration in drill and thus an _unacceptable_precision, finally bringing about a
‘Phe. 8Iat>l/lo?ag mljl_l @) eegr%rgﬁ%c? é? of d[,r?ne [Bfi.;]eﬁjc in e%tt%on the

possibil maging t iameter egaréfing € duide
hetes! forAieziinteonenitidnak example- C4 bykising &l guidee hiote it thées .,

seldiameterddlbt aple precisions forthedrilledmicrodeepholes,

O S50 0 T C

i.e., an average hole diameter was 0.203 mm, an average interval
between hole positionswas 0.254 mm, and a straightnesswas 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 formedinconventional 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
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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
shtalidiantetes drillvas i§ 1400, tive tip pbitien dfsthe drillpesség trotgh the
guide: hole and got inta contact with a, bole bottom.; lptrinsically qitiise holes

assumed that a drill having a Iar%e drill diameter is stable during a drill

process HoWaTBr, SRcd R dillHyidity & Rof SUtiSent Witen a%drilt befilf* °©
used wwas aqricroadeep hote arillortheidrd wibrated heavily andthis toeld dead

tq a hregkage,on thegvay when the dull diametgr became |argeq[0149] 40 -,

(Example 5) Next, as examples C5 to C8 of the present invention and

coftfpdrativeBiarfiples ceand IO & testvas conductéa for otimizing thé
hotel diameters ofaguideniclesawith yespeci ta 1drilt diatieter As test misfkodp

the 5ame $Reciicarons ass example &1 plie esentigyentionwers used to

make six different samples such that the cutting edge diameters of ball end
mift€ I8 PfofRfing YalRI RGeS Were .17 hith RTE25 thmthe STthé holéameter
diameters of the guide holes were 0.85 - 1.1 times the drill diameter. Then,

dr[iBi 96a}nd e\éaluatiggr\l/ver%perform d i@bﬂie same way as in example.4. The

1
results are shown in Table 5.e[0g.L%JO Ta (Te%i Cutt]frrlnge uide Guide 8 e

Averdge AverageiRinthersil Sample ctigel holé drafietet/sthanhote ifterval
Straightnessdwardlend-rumber diameter gf dianeteridiameater deft diameter on

b%wteeg golelliol shf){ énarklg eb.all end mig osieti ns di meter gat(iﬁ(f)%sg( m%lS
(mm) mm)r%mme)g(mm (?1’0Ies) c5 618 6 §1%.9%<§§0 63540, ;%O
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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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
0.22 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
206 Rdles stabfy,bwithdwolé ipreciSicm being aéceptalsie, Ler,cauvhvehagehole
diametemnag-52:0.240-mm o ess rand anaverrge interval-petweenhale,
positions was 0.260 mm or. less. [01521 In comparative example C9, since
the" quide RBIEHiaete? Wad Smalf the Josd 81t thie driliBECsme oo 18/ge,©
cdusingdathee ddrill torberdh 95 a tesuity holes faited aodve Hrilledhstably andiibe
sma-diameter,drilkbroke whep rilling thg §0th hole . Qndbe,other hand, 1,

comparative example C10 can be considered as follows. Namely, since the

ghitfe ABle diafiétet S farge® thbYarge! aShate Becirs béfvéch thé geide I©
hote inmerweall ahe nthehdriltito.be usedhiata nektsteps making the drill to be in
a@dirhsgfi\ble(ggg%igg, ggusing the cutting chips to be bitten into the neck
section and the drill to break in 95 holes. [0153] (Example 6) Next, as
examplés€112H CE3BHRE Presént nveRfiohEhd cotRparativéseXariplesnd

Cddrpnd £15;a t@ﬁbmme@olmcﬁeqifoc 1@ptin_aizimg;ﬁhevdﬁptk¢@m_iwgwdefor
hole, A% test methiod, & ball end pill for forming guide Noles having te same
spgql ications as example CIofthe preseﬁt invention was u.se_olr to f@)rm

gbitel hoteshaving-a diidé tiofe Hepli fangetP abEast OPE firh idif- 4P Hiost

042 mimeice. o A guide-belendepthavas ah lgast Q.5dimesnandatnastiz tent

Ug§§% g%dgﬂé%agﬁg%rgﬁéhgéﬁgﬁﬁéhg égeéiameters 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:;ggg Guide Guide hole Average f:;::iile Number of|
Sample . hole | diameter/small-| hole Straightness| drillend
number G O_f diameter | diameter drill | diameter betwe.efl hole holes Remarks
ball end mill . . positions
diameter (ratio)
(mm) (mm) (mm) (mm) (mm) | (holes)
C5 0.18 0.18 0.90 0.205 0.254 0.005 200
Examples of| cg [ 0.19 0.19 0.95 0203 | 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
Cc8 021 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
C10f 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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drill. Then, the same drillingandthe same evaluationas example 4 were
carried out. The results are shown in Table 6. [0154] [Table 6] Guide hole
Average Average Number of Sample Guide depth/small- hole interval
Straightness drillend number hole depth diameter drill diameter between hole
holes Remarks diameter positions (mm) (ratio) (min) (mm) (mm) (holes) C11
0.12 0.6 0.205 0.257 0.007 200 Examples of C12 0.30 1.5 0.202 0.254 0.004
2002200moles lthesnvardion with radisréakage aC 13014622, 0 QL204°6.2570ons
0,009 200 £514.0.13.0:5.0212 0.269 0.017 105 Breakage occurred
Comparative at the 106th hole examples C15 0.42 2.1 0,220 0.265 0.025
162'Brehkadd GEEHTEA bt fite™T03th Fofe 53 fi%5] ekamples T8 E T3
ofvtire predent iriventiond ibrwas ossible toestabdy deidl U tg200-holesnwitihe

the-hele (yegisigns wining out g benaaeaptable resultsyi &, AN aeags, ) v
hole diameter was 0. 210 mm or less and an average interval between hole

pOBHicHSWAS b.26b" At 'dr1ess! [0 BEP I confparativet exdnpie E44: thate -
gaide-heleodepth b_xmsdshaﬂmyya_emtﬁh@smad_lﬁdiheéneﬁtem drﬂbb&mke:whemdyﬂmg
the, 106th hele, with, the, precisiaps af the drilled hgles tutning . ut to be; gn,
average hole diameter was 0.210 mm or'less and an average interval
beffeeATtle?p68itioRsANAS 05289 MATEr 168 ITHIS canlise Corikideretiadnd
fallowvsi-Namely, brdiiflifng process,x sinaesi jsinpossibladostifficientlyoguite
the small-diameter_drill,.the drilling.is canducted in an unstable conditio
e S L o S A€ 14 o e 18,

tHe'§aide Rol ddpthanas Cdedp antiwhen tising the bar entPmAPta fokR+ -
guintesholesy thencuting chips become clogged, rendering it impossible to

form gylide holes having an %Q?qﬁat%ﬁge%fi%% Consequently, the ; on ana
small-digmete? drill Groke when dri ﬁng e 10 rc?h%fe, with
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 dGutiﬂ/e hOIIT Average f;\;:_iif Number of]
epthysmall- hol Straight drillend
:zﬁ}b)z hole depth| diameter drill di ar?leeter between hole [~ - & o hl olzrsl Remarks
diameter positions
(mm) (ratio) (mm) (mm) (mm) | (holes)
Cl1] 012 0.6 0.205 0.257 0.007 200
Examples of [ 151 39 15 0202 | 0254 | 0004 | 200 | _ 200holes
the invention with no breakage
C13| 040 2.0 0.204 0.257 0.009 200
Breakage occurred
Comparative C14| o0.10 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
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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 a result, it was impossible to drill a hole having an acceptable
precision, resulting in the breakage of the small-diameter drill. [0158]
(Example 7) Next, in relation to examples C16 to C18 of the present
invention, evaluation was performed on the effect of the tapered
expandeéd-diameterportion ADloftheCdmadi fdiahteter deftn f0159FE ample 1t

Clssofthespresent invention dighnatinyglve, atapersdeaxpanded-diametey
portion 10. Example C17 of the rgresent invention involved a tapered
e

RpEFAE TSt PoHIOH 109 RRH I 6Gter dtinéter af tHe®dnitl 61 the"
flotel kedgtmevas 0249 nm] and the Imaxiruirediametecef thedimeatly tapered

Saexpanded-diameter pogtion 4 Oyas 0.194 mm. Example C18 of the

present invention involved a tapered expanded-diameter portion 10 in which

the bafer difmé&tSrat thé BHa 6F HE e G Aot Wad 01§ mim andFihe™ was
madamuen chameterob thel linedriyntaperedr expandetediameted portiomd Othe

wagQ.1 98 M- n;each Of these ;examples, a hack fanerng AMQUNLWAS; g

1.0/100 mm with the other specifications being the same as example 4.
[PLEO] FuRRer, 35 GURIRASIeBHRING, 2B AR ertillYof HRg & dtitie Rt
having ¢he sgametspecificatons as examplesCt ofnthe present Invention avas

”Eﬁ.‘% fo.form guide hales having 3 depth ol 0.2 mim, thus effecting the same
drilling and evaluation as_example 4. 'ﬁhe results %re shown in T e%.

[GEE1]§ Fables ATRasifitmAverageioatathameter & Aberatje Hote ineprar
Nuwnber of hSample diagneter of diameter batweenholeStaightness drilend
hglres numb%rhféutem%érgga&)ered Iarrgedgmgter positions (mm portion (mm)

akin lamete
(mme) (kmmgI (mm (ﬁo
[0157] In comparative example Cl5, 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 interval between hole
positions was 0.265 mm. As a result, 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 Cl8 of the present
invention, evaluation was performed on the effect of the tapered
expanded-diameter portion 10 of the small-diameter drill.
[0159] Example Cl16 of the present invention did not involve
a tapered expanded-diameter portion 10. Example Cl17 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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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 LL-i
[0162] Consequently, it turned out that examples C16 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
preveEntifrthelehips frovegétiing bitters intd-thednevk séctione Lin paficdlarhe
example C18.af the present invention:showed ap.aseepiable,stabilized migko

hole precision, i.e., an average hole diameter was 0.201 mm, an avera%e

intérval Between o1& Posiions WasT8.252 mif, With & strdighinetsbefng ™"
OvGGL Inh? am extremehegoed value 0163} Next! examples®:ahd 3 apered
used 10 &xplain a.method for. parfarming.a step feed, for parforming, a drifling
which is 50 55 or more times the diameter of a hole [0164] (Example 8%
NEXETAS BRanfpled C 10 E 28 DR Prestrt invBAtdN, B siidiltdidmeter afil
W_asaas'eiih'awhmirsaﬂnankqapedngaamoaat dgdmPIEOG mm, an outer
diameter efat e end e i [epgih, {80, 12401 maimun. diagietengf

inearly tapered expanded-diameter portion 10 is 0. 198 mm, and an under
nécﬂ%r%tﬁl%#eishf()’.gr‘rﬂﬂ.@t%é&ﬁ%@ﬁ?ﬁé?@%hé%a%%@e%p%ﬁ
4+ X165k braxamplen€ 19 0fthe present inventipn,dbe.outer peripheradiepth
carner position, 33 of the small-diameter_drill during. a step back 30 was

T g R A A L S 8 s
efitrafieéofthe diffed R6lel 5o &t stepfeedwadsFdseatedly performed at a
position)capaiie cof;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-diametgr drill duringna:siep back 30 Average
uter : Average hole |  interval . Number of
. diameter of Straichtness
Sample diameter of tapered large diameter | between hole & drillend holes
number flute end . 3
diameter positions
(mm) portion (mm) (mm) (mm) (mm) (holes)
Cl6 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
mvention| g1 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 wvalue.

[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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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
smallrdinenatendsill Was dsed¢o orillB0 threagh holes having a hole diameter
of 9 mm anghahole 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 VionCarififg™ A& at 3 t/rfin: A bl et nfif fordvining ‘Guiide Fidtes
anuddiavidg dme same spectificatiornssas examplehCA bethe peeseritn in\veantiont
was usedte il guide holes having a,depthof Q2. mim, Aherely pedarming,

the same drilling and evaluation as 56 example 4. The results are shown in

Table 8: [0167] [Table B OB pefipHerarcorrier Obiter péiptieral cother <
Averagel positionefrsmalbpasitar ofsstndlb AverageliatenvialdNumberiehgth

Sample digmeter drilhfrom the diareter,drill djameter hole hetween hole, )
Straightness drillend number diameter holes end face of a work piece o
sfhall-diameter drill positions (mm) (ratio) (mm) (mm) (mm) (holes) C19 0.10
-0.51:208 02600813150 (220 0@.04ne. 2:0-208r3. 2582009 &0, Examples er
G21,:-0.06.0,30.205.0.255 0,002 50 of he inyenion £22.10.10,05 0204,
0253 51003 50 €25 0,36 1.0 0.2050.256 0.005 50 24 -0.25 1.1 0.208
0258 L0280 {0168F T résisits bf Ekamples TIP toRCP4 bt tife Presenrt on
investionnear be cendudedas follows: INamely, evermié S9-halesawese drillesl,

thc%gg”isngegr%ceeesg %vuggege%%tat‘ge%ﬁ?t%%lgf\é@trped 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 from the end face 32 of the entrance
of the drilled hole.
[01l606] 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 to drill 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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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
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, and an straightness was 0.005 mm or less. [0169]
(Examples 9% Nexthih examples €25 t9hCR9 ofthé Présefit-invention, 50
throughholeg weredrilled with the drilled hole depth being 50 times the hole
diameter_| l"lhﬂ the same s nr‘lflr‘m‘lnne as_examnle 5 _the outer nnrlnhnrnl
cprner posit &1;055?‘2@;@;;%‘%3 IR Il during é},‘gﬁgpalck 30 whsuoeatqd
thédkilled holediteckon fiamdtae end-face 32 of theentsdite 6 a tiffitd

num! les

hple at'a pof mﬂéﬁeeﬁa@r&pm‘ﬁofmm, PRAFPAING the step feed

ASEEL dill- SUHn “ngﬂnumu;c%@was
1?19 all_eld’mill for fnrmiﬁ%‘r’gllidp nqgggnrd ,Qtzépnn -di%heter Qill

mple 8%%2re employed®thereby chfffhlatintPthie |pit¥atarmintd
et/dluatiorf-°fhe results ar@3shown|in®#? Tabke¥, [01 96 Table®]
fféeding Aerage hole Average intefFNumbee of| SMiple 50

i .mter dritP&lameter betwéén hole|pdsibons S#=ightne¥s drillebd
uirer duringg non-drilling (W/min) (MMM ) ¢ehén) |(hedes) | C250.8

0. 260 0,011 50 amples C26 1.0 0. 0.25 05 fthe C27
OO o R0 e A Ty R S0 o B e e
O?ZU@OWO?GECPEOCQPVi]Uﬁﬁé e ips éPéﬁamﬂﬂé@@% @v@ggéﬁﬁéholes

present invertignan bei canclyded as fellowsn Namely: evendt 58 hwjesi th

weredrjled, the diling process med ot 1o besiable W o ace note

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, and an straightness was 0.005 mm or less.

[0169] (Example 9)

Next, 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 1n example 8 were employed, thereby completing the

predetermined test and evaluation. The results are shown in
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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, examples C26 to C28 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, and an straightness was 0.005 mm or less. [0172] FIG. 19
shews<aa 8ross section of a work piece that was drilled using a drilling method
off they pieseAtipyentign 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

efiges having asguliingeage]diam ehqe alcuting edge. an

1 O

LteSpettphgrahduttingeetge, w @f len gsigg,htse rSpresipere ra) GG
dge“lﬂ’éﬂ‘ﬁg 1 rﬁ‘ﬁ‘lngé"qu{é‘fné glc of-the-outerpe IIIJIICI Ibuulllg d € bc"'U 5

0]
e
d oaropa..an an r\(| |+nv)n||a 'I'Q IIl th ! Chﬁrﬂ; glnﬂ dmm nfﬁ)l 7’-1 A (hOIeS)
S
W

-

Vera 1 érval

CygrcT oyt T T OOtCT UTa T \.II L7

nall-diaiester drill 88 for use 8 @nidro dedt?ble drilingdhs prepafed
bighpinciides two Edtting edgé=Ohaving a BR%meter of 099¢m | a flubé twist
glehof 3R Uegrees.@ web [thickoess of 0.10Bmm (35%afothe drill 50
dj&iERen)c2a|shankauter 58 diggpetef of 3 mpas In dethil, gofisite [lengiy was
2|5 mm, [ghgck tapgedlng amougas| 1. O7IQ,£gm, an ou5%r151|a .

e IU UI I. 1 IIUI.U IUIIQLII waos U ‘-|-ld T, A TTIAAITTarTi UIaIIICLCI UI [¢) IIIICaII_y
taper eXp ded-dia ter w, s 0.495 eck et 30475
rﬁ%‘elzg undzﬂr}lnec?( I%lr%ri IS 4{% gxaﬁ? and g%gﬁ] angldgaw@;s ?4\6}{% [Op174 As
testfRefhioe) threnbef éﬁacrﬂamd@@séﬁb‘édlél@éf\?e wasTigset te e Jafg%@db%é
onane st facesof &wwkﬂe&a%wa@wﬁ&ﬂ&%ﬂ%a@n@ withhthe with
form%d U|de hole haV| a hole dlamtet of O a hole degth of Ohgle
mim and an approxmat ylhgmlspfiwer?lca ottom Sur a%e Thén
smialigibareterrdrifl - 36 forddifing asmier deeprisle Wesrysddtetdiflea hole
ﬂi{@élghl hele 3ahaving achgle diameter of G5 am-and & hole-depthiefs 49, 6

mm, |e with a hole depth bein O times the hole diameter. Further, the

ou&§ %Pp&g%FEbﬁ%E 65%8% %veshownextremelygoodresults

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, 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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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
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-1, a feeding speed being 28 mm/min, a stepping
aficurt sar stepPbeing 0:025 hah/step, fani-a feedind: speed obthe, a back

small-diameten gl 36 during nepdriling heing Zm/minAfterwards; theeng
drilled work £iece 34 was cut so as to observe a cross section of a drilled

h8le “[t71761'AS taRDE YN trom H18 Fo" ke Breseht ivention madé °4 hble
dilipgreossiie witch dvasetirerwise (ot Possible me ck prematteven swheh’ S

using 9&%@88@&9&8}5%5 gb9¥e4t@e$g RE?,V%Q%F me%pg%gq@ ipyention:
can even drill a through hole having a depth which is 80 times the hole

didhétel by Sptirfizing e condition¥ df pefdriing £ SiEp feed TR, USRG
thes m_etbod_doﬁMe pr@semdnhembéom,nit beeomes possibie to doittla bd)l@c_é3934
eyendf a drilk has,a diameter, of 1,mm,or jess-and ashgle;has ,an L/RJatig o,
120 - 130. [0177] Next, description will be given to explain an example o

drfting AL HPEGGR REIE; WitR réféfette I8 dxampres TOranP 1 13Tt RE Prasenty
inventioph {31 73] 1(Exarnple 40y FGe 1 shaws ,anextefian viesd ehater drill
small:diameter drill, 1,used in micra deep hole drilling in.an example gi the. ,
present invention dswellasinac mparative example. In an example of the

pfesentiAvention and & ebmpertivecexample SasmamdiametdrdditR Was
usedde, drilldnicreideep hwlesaSpeh BsMmallsdiameter drilk lbas e guiting.
edges, a drill diameter of 0.3 mm, a flute twist of 30 degrees, a web

M et By SR RS S ok L e
asiriif Sectioriereth &f 11489wi e detalilcn fgtek 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, using themethod

of the present invention, it becomes possible to drill a hole
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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 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
dritted guide bléd edehs hadia deptl of OL2 T apd Wers sepdratétPfronias

opg anatherat & pitch 9§ 0. 21mm, using a ball end mill for drilling guide
holes, having two cuttinfgée,d €s, a c,uttin%edge diameter of 0, 295 mm, a ball

cltting edge fdius i, A oall Cutting Bade, Eirodee? paviphers©
cutfimty edge panouter peyipherakcutting: edgectenigtie of ©.8:amp @soluternd

pefipheral;cutting edge religt angle of 15 degrees, and a shank section outer
diameter of 4 mm. Afterwards, a small-diameter drill for micro deep hole

dfifiihg8has JE&G T8 4fill tirough holes each having a hole diameter of 0.3
mm andl& hole depits ob7.=rMrier avdrilied B heteadepthiisri2E timesrthel

cytting gdge diamster. Ihen, bofy. the hall %Hdﬂ”@%ﬁ% spalldigmeter
drill were used to perform a wet cutting with number of revolutions being
257000 mif!1, 2§ f8&dihgPsheldt Belriy"s6 FRmtMin, Arfd B Step feeding amount
per step being 03 nmisteh {0180 knexamplelafdhepresent damyention; ee
small-diameter_ drill w. uided by a preformed guide, hol by repeatin
i 1 T B

lEHYtR B9 of #eé sthalltdianeter tiifldias 1183 mmaise Lérillig Wk edeirted
untithe smalkdisraetes drill pretrudes 1,63 mm fromthechalestaes, a web

C rative e D2 shown _in FIG. 28, drilling was performed so that
R RERGI St PR 40 BFNG Sl b BT o A ARG
was herfermett nfil tvecsivall-drarastercdrill ptétraded O derpefidm ahielhidle.

(018 Forevaluatign, as mamtask09halesweeedrllethetReNportion was
0.05 mm, a maximum diameter of an expanded-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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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 ofnnicm deep hole driling diameter
Ifvolge deMiakimein Tyindricdl Numiber of holeg Staieoftie Undeiheck deilth
large vdiametenafiRughness of 15ample pection throygh whichthe inefo rm

surface number Iengthﬁenetration diameter length large diameter reference

pih 8fthie THOtH e Tiridr SWFRES (Rim) ARUt PoYEioR% PiHioR ot the™dbtH
helé s ¢ YastNOYE) (9 G6uldipass hole theleg)pri} <Examples oh DIrg:

193 ¥esd 0298 96 N@ 03 dhe invention unevenness Comparative D2 9.1
0.10 Yes 0 0.298 10 unevenness 2.48 examples %0183] As a result, in the

dfifihghethot G5EET BkarhpiBS T OF T greSent irfentof™ a reférkite in
V\tasis'lmwﬁﬁygns@léeldb@laintae&ohné@@hd]@s. Hbeapughmesg afdbeanner
surface of ey, 1001, hole, was0.9,pm, whigh is gn extremely ggad value,, ,
Even when looking at the inner surface of a hole from the entrance 37 of

hbleete Tre kit 35°6f hols thetd WasTAG uiTsvehnes3m e thits dxhibiting an
extremely.goedihaleprecisiar {03 84F Bl 201 shiowsraner-suriaee areasiafia

drilled hole near. the middle and the exit.of the hole in.example D1 af.th
B A e

in- 8xatiplé D1%6tithe ipre serit Rivettiorepredudett o SMB6HHE iiiérisurfered th

near direexit and the middie: ot the hole wEke oreasen far.this canibe ing was

cgnsidered as ollows Nemey, 20, gxpandeg: dameter poren BTG, +con
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
dla@eter LR Cylindrical Max1mum Number of holes | State of the
Under neck drill large- . diameter of . . Roughness of
Sample . . portion X through which the | inner surface .
length penetration | diameter large diameter . the inner surface
number . length . reference pin | of the 100th
(mm) amount portion? ) portion could pa hol of the 100th hole
(mm) | (Yes/No) (mm) ud pass o¢
(holes) = (um)
Examples of 10| g q 153 Yes 0 0.298 9% Mo 09
the invention unevenness
Comparative | pol g9 0.10 Yes 0 0.298 10 unevenness 248
examples

[0183] As a result, in the drilling method used in example

D1 of thepresent invention, areferencepinwas smoothly inserted
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diameter as the drill diameter was able to scrub the inner surface of a drilled
hole and such a scrubbing effect could improve an inner surface roughness
and an inner surface precision. Further, it can be considered that drilling a
hole until the small-diameter drill protrudes 1 .53 mm from the exit of the
hole, it is possible to obtain a desired scrubbing effect over an entire inner
surface of a through hole from the hole entrance to the hole exit. [0185] On
thenotherlkkand fir? thé afiling méthod ased e isecéonparativerexampie D2 fa

refeeence pin was-smoothly dnsertednintd 10:hales, but the pip failed toinsert
into the drilled holes from the 11th hole onward because itgot stuck in the

midaf "GFthéSe hioles® MOPEOVR The PoigHie3s B the it stffacd drinee
100tlr drilletichole Was aspoor@a 2.48 pm, ahd evers umevemgesswass and

cenfiunedneay the exit,pfdhe drilled hole, JO186L FIG-3Q shows inner

surface areas of a drilled hole near the middle and the exit of the hole. In the

drifiihg’rhethdt - used i thie Cotfiparatve exampr°Z, arifling was performivéd
untike a salldiameter drillipratfudes only<0 innemdirpmethe exit ofitherholent

A & Lesult, an expanded:diameter portion haying, almost the same giameley

as the drill diameter were able to scrub the’inner surface of the drilled hole,

By irevitig the 162 nhBF stFREERON IHE B hara JoaH ated e
therexit ot rifaviagreuch alserubhing=effeaththentotl woreraway sothat thehe
inner surface became rourghbas descrihed ba/ "unevenness' in tp[e ghoto,
reason rqQr L li ca considere Si Ol TOWS,. an l%f En
hence resulting in a large surface roughness. [0187] Next, description will be
gRErrRFeRIgiPaR exampler tdBxahmiel, forbphiafiZingthe sidse ofame
teol foedelling atheough holenl0188) texample d H-Next: as examplas-B3de
D9.0f the present invention and, a comparative example D10, festias, . .,
performéd 1o optimize the shape of a small-diameter drill T. 8]§P]'l S test
methed,shisfexanmplesdmpioyeddhe samer spedificationsas examplEDtiofr,
the preseptdawentiQnh st drillingaholeuntil the small-diameter
drill protrudes 1.53 mm from the exit of the hole, it is possible
toobtain adesired 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, drillingwas 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 the drill diameter were able to scrub

the inner surface of the drilled hole, thereby improving the

62



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
includingsa eilindricaPpofrtiends 0 r5hantio D85 cirencacylirdiealt not
pekion lengthHs0d-mmta Q-84am: @nd apdinden necklength isd-2mmtae

9.9 mm, therebg/ performing the same drilling and evaluation as example 10

W 77 p .
Theesuits drShowreIiT TaBIE 1285 01901 T Faote 117°Smai® Tedt ré8ui®
ofrhicro deepiloelerdriling: ingolve aaMeasdimens WUntersneckudiantster. large

Lepgiyof dipmeter ot Numherof holes Stats oL the Roughness of Sample.,

drill cylindrical through which the inner surface length diameter

|t gecdiifieterthe ihner GOthre nuitAbket petidthation gortioh referefce pta ™9
oftherl{6thytmhy)pattion9 portion of ths e 100th hole amount (yes/N.) (mm)

(r‘flm)fgc&quld ) Bass bele (mot) (holes) - (irm) D3 9.21.63 Yes 0.1 0.298 99
Smooth 0.7 b4 9.4 1.83 Yes 0.3 0.298 99 Smooth 0.6 DS 9.51.93 Yes 0.4

0.298 §7No 03P URETBRNAESs Bxadmples 6£fDB'S 7P223°Vés 6% 029897346
08 dhedaventior unevernessiDy7 2.9s2. 33 ¥es:84:298 90 N@dizhize the
unevenness D8 9.2.1.63 Yes 0.1 0.2883,93 No 1.0 unevenness D9 9.2 1.63
S %?i o) % small-dliameter drrrfl™ 1.
Yes 0.1 0.285 88 a little 1.4
[0189] 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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unevenness Comparative D10 9.1 1.53 No 0 A lot u 5.5 examplce
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
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
inVehtioh, theTroaghnéss of the inner surface of the 100th hole exhibits an

Heaf N O e Tl H rlagn bopalica
e ICUT VSO JITTL [TTHO 1O Clliapgo Ty

pprtion produced a reffiarkabtecs Ciuhbing reffest g R, d rlgu;ggﬂp?ocess.

[q192}Burthel i Exarmplel Gif thegprasalitiiie rionsingesaeyindHEak..

) &
ortio reference pin

hig) g
portion was |relativel§uiaRg grsetubliagl surfae dreagsame large? &0\ tHate
f

mm

tHe roughngss of the IfRer|surface of the 100th drilled-hole also beécame
1rge. On skl otherlharg, n exampla D9 of the preseat inventign, the o7

I
£l [l 4+l ) | - ) £ . } : £ +]
npimber of hotesth UL{%AI WITICIT a TEIETT ILEOJQ)III GOUTUITISETL 1S TEWET Al

Smooth .

9.4 : Yes 0.3 .99 0,6
other exampleS of the invention |Thé reason tor this can be considered as
fllows. NefeBs sincesthe|meximuradiametse offthe Bxpangded-diameter
ppraorsis O.P5 dimes the drill diametgy, the glgarance f the maximum ¢
dameter|of the expanded-diameter—64 portion-withrespect {6-the it
dlameter|® slighitly lafger thaff othe?exampies of the thventienrhence™
resulting ileq slightly weak serubbing effect2§9193] On the [Qi&r. hand it wals

npt possifg to,nsert g .reference pin into any;of the dgilled|holes in -, ,

Comparativg-example—Bid—Asaresutatetoft sOeetred-over
tHesinner P&rfdde df the? 100tMNdrilled-hole, and SJ;rfaC% rou q\hn%oss became
as gopr A 5,5 pim, The easen for fis.can beyconsideredas, fallwis, .
Nameély, since there was no expan%ed% |amefLe’r portion involved in

comiparative escamnplesd 103 theoshallrdiamheter thitle Wastorstable during aas
dplling;process, andthe cutting€hiRsice pin smoothly into 88 holes.

Particularly, in examples D3 and D4 of the present invention,

2

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 uym. 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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got bitten in the hole, hence resulting in a worse straightness. [0194] Next,
example 12 will be used to explain an example of evaluating a reaming
effect in a case where an expanded-diameter portion at the read end of the
drill section has a cylindrical portion whose diameter 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
ape FIGo8Y shbws asmall-dhatieted diill 46l after being ssediinnthévtest rad

awark piece Adafterheing cut open: [Q196] As example Dld-ohthepresent,
invention, a small-diameter drill 46 for use in micro deep hole drilling

COMpPHE e WS Blittin g EdGeS WidreTt B drill diameter was 0.5 mm, a flute
twist angle was 30hdegreesy alwel thickness was 0Pt hire(35%0iofsshik a

diameter), -8 shank diameterrwas 3.mm, adrilh section lengih Wag.2.48 k.

a flute length was 2.5 mm, an egpanded-diameter portion length including a
cHirical® goriiontis .18 vk, P&. " BYdNcH poHtiohieRgty Wad 8L M "a
maxifree diametern obttie @xpandedrdiameterportida was 91498 emnb thame

guide pattion.wasdogated 24 4.0 mmand-8,0 mmdrom the, cuing gdge f, s
the neck section, a back tapering amount was 65 0.5/100 mm, a neck

didine e was A8 him Sam th dérieck Fength® WaRl A4S i ala e i angieo”
wasvAR.d0197 |Astest-ponditiersa balbend millkfasrferning argiide hotel 1

was used to CQntinuousI gri‘gls%ﬂge holes at a psitct];1 of a?]hz mm.Qn. one

wgs unstable durin TOCE n e cutring chips
surface of a work piece 45 o 304 material. The g end mill was o

pEsVidedtivith AP0 SRty 8dded’ PRaViAi§ L akh dugé biametecol D495 Atmeas -
ball cutting edge-radiusfp o€ 0.25:nm, & ball cadting edgel anOUer example
per'ph%%aaltfggtjcnl%edge, wherein an ou%efre%%riphenral cuttin edgewlﬁengéh isan

0.5 mm, an outer%eri%he%aﬁacnbjtﬁﬁg eteige relief alnglea\tfvasC éedegrees and a

shank seéetion outeit diametdriwasat mire Tiee ¢uide lsdleswete ithusection
captingously: formed.ungheach hasa fiolg dapth of 0.3 B roximately 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 0.15mm, 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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Afterwards, a small-diameter drill 46 for use in micro deep hole drilling was
used to drill through holes each having a hole diameter of 0.5 mm and a hole
depth of 40 mm, i.e., a drilled depth was 80 times 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-1, a feeding
speed at 30 mm/min, and a step feeding amount per step at 0.05 mm/step.
[01.99]1A9 amdrillingnmethod aagdte prefosnted: §uite hele guitked nhek length
stnadl-diamgter drill 46. As;shawndn,F=G. 245 by repeating a step feed,

was performed so that a penetration l?}%gth' 39 of the small-diameter

drillin
dr[iﬁh%\}bas 553 Wit S8 A “WhS peHSIed Untiffie SRTAILERMStar e
dhth 46 pectrudes! 2:63 covm fromuké exitrofld dyilledehblel §32600] Eopitch of

eyaluatipn, 30.nales were-drilled angha reference, pin,wasjssered thrqugh |
each of the 1st to 29th holes to check whether the pin could pass through

tHe? Rokes Snfotsthil: Thé 3Btk “ariitet? Aole Was- 8t 6P&R HIH e fifiished 19
_sarfaeégeu@hmeSe@f the innerssurface oja_tne hniemagnmmmm tReof
inney siyface f the hole,was.opserved &&H&%@% D9 LIECHOP: ng eage,
microscope. The results aré shown in Table 12. 66 [0201] [Table 12?Small-
TEREFRESUls B AERT deep ROIE Hhiling didmeter fivotves LBnygth bf MEXimam

ooUnelerdrackoNd Aatarget tdiameteigel Nembercfles StateoftheReughness!

of ng le cgligdrical tlgough.whicp the inne4r surfaC@ length ¢ amount
a Sha S CleIl ou eﬁf diameter was mg\ hé Juide holes were
diameter large-diameter the inner surface number portion reference pin

ofthB30tR iR arolintisetion 21 pértfos of the30th hele dRRDT YdsNo) mm-
(me)(rany gopld pres hale fheles) -dpn) 1Exampleast Rii 43 2:63¢e$ QA 1e

Oéﬁ%ﬁ%?ﬁ%”%%%‘%é%d to drill through holes each having a hole
diameter of 0.5 mm and a hole depth of 40 mm, i.e., a drilled
depth was 80 times 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 a drilling 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 wasmeasuredand 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 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 its exit in example D11 of the present invention. [0203] As
can be seen from the photo of FIG. 32 (a) , in example D11 of the present
invention, the inner surface of the drilled hole near its exit shows a smooth
slifage.] On b dtherhand, as a comparison shown in the photo of FIG.

laWAPQN ool 1 £l [ - 11
3g(h);so-catted aGETY Macmmyg—wWas LUIIJUCMW

machining that me ﬁsnilelmléalma@i@ingem performed fram.RolR.Sides of a wor

plecéwamd each.holesWere s confetied 5a.as toform aithrouohalikay

numbe portion

the machiningand vz Wﬁ"?@? bymaire eRsettic discharge maechiniriy i e

through hole to obtain a fin ishse hole. An inner surfaee of a drilled holeris

spewm N d7lG 32 (b) .,As canalsp ha canfipped from the phatQ.ef FIG.032 (1§)

the inveﬂion
alalital a¥a

=

necaal lavdr ¥ia h nracoctlino-arel-k - -V_N"

af-an lblactrias Al ore ad an-tha
oo ar—ay C OoTran CrectCCrargCproCesSmgocCarCt ot TrTe

surface of thiesdribed hole chwstresultingy irefurther largee uneve hhess m2044
Namely Jhepresentinieetion makes Lrossibleds, achiedt 3.mEl0 814
deep hole drilling with an L/D ratio of 80 or more, which was otherwise
iMpoessiblertd aehidve it privt L &t thereByGenderirey itossibie /Ry Betfsrn &°
hole driding nahileensuring ansinnarswiaae precisieniofa«tiled hote: withir
ap c(jartxc(gayeg}lran e, [Industrial Applicability] 67 [0205] Examples of industrial
fierAL s inwhich the”small-diameter deep hole drill of the present invention can
béCapphed MelGae the precessiry bR met FRovfdS o parts| 2parteufariyies

pracess of ikillirg extrermely-thin beles having.<x hole diameter ofid mm ored
Iehss Namely,.tpe sm II-dif'lalmeter dee(g) tplole dr%'II of theé)resent in enti%n cgn
S S sSmoo,t r n e T, nd,

beoulseeél?gdrm Aot on ya hole whose Ieng?H is 15%r more times the hofe
digmetegomparison 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
a through holeby themachining, andwas followedbywireelectric
discharge machining in the through hole to obtain a finished
hole. An inner surface of a drilled hole is shown in FIG 32 (b) .
As can alsobe 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

whileensuringan inner surfaceprecisionofadrilledholewithin

an excellent range.

[Industrial Applicability]
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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 invention
can drill a micro deep hole having an L/D ratio of 50 or more which was
otherwise impossible to drill in prior art. In 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
altotidtive manufactoting field and ibutektilex inddstey Wherétherdissh  the

apggessityof crilling dbinperand deeper, halgs ip.Qrder to achieve greatly, pe
improved functions, Ex rflanatlon of reference numerals 1 small-diameter drill

2%l diaetd” 3 &ltting Bdde AMite B drilPSeclioh6 SRR S8t 78HdnK
seetigr 8wmallgstidiarmetes portionof smallr diametes portiom 9 eheksofdheng

flyte, 19 expandad:diaypeter,pogtion LLL fluteength 12 neckgsedtion;length .13
guide portion 14 small-diameter portion 68 16 tip angle 17 under neck Ienglth

18%hBxitAdm ﬁﬁrﬁété‘rfpéiﬁﬁ)r?6?6%6%818&%15&1%%%8rﬁ?&n uE§ dpenifg
angle@lwark piecen2k guideqortien 22 chiset 23 putiing pbimténid ameter,

CBG‘&?QE'QBGA qrilling method 24 cuiing, nointin, g fuethad of the present ;.
”Efgggnthe hole diameter. 1In particular, the small-diameter

drill 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.

Explanation of reference numerals
small-diameter drill
drill diameter

cutting edge

1

2

3

4  flute
5 drill section

6 neck section

7 shank section

8 smallest-diameter portion of small-diameter portion
9 end of the flute

10 expanded-diameter portion

11 flute length

12 neck section length

13 guide portion

14 small-diameter portion

68



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
héke inner surfdce 41 step amount 43 inner surface 44 inner surface 45

work pigge drilediand.gdt-gpen 46 small-diameter drill after being used in
drilling 30 holes 47 length of guide portion 69 Claims 1. A small-diameter

g
dé&p ngﬁl&ﬂflﬁg\]liﬁﬁeataﬁll%ﬁ’§%é?£ 1 MBI dnditiding &Pariii$&Etion
havingeeatting edgels) and flute(s), wherein said flute has a length which is
ap leagfp-fimes.and at most 10 times the drill diameter; said drill section at
first shrinks and then expands in diameter, changing said drill diameter from
a“drill 8ttty 8age foWward a rear end of the drill section, an outer diameter of
tree driflirsestion at the end of said flute is at least 0.9 times and at most 0.98

t@ﬁ?sgﬁ%gﬂﬂgd@®¥ﬁ€“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 1inner 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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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 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 1 mmor less,
including a drill section having cuttifig sgdtfe(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-diameterég)ortion in _the middle of drill section

longitudinal diréctidh ah SuF aidmetsr ot tHE trill $ettion &t thé'énd of said
fldteniscatdeast D @timekeand atmbst 0r@8:tinres theadrilll didmeterganitting

expgaded-diameterpartion is proyided at the rear end of the drill section,
having a diameter which expands from the 70 outer diameter of the end of

the flute uptb™L br 1< tiffies™ tHE Rl HidmEt8r; ‘Said hetkEdctiontsmes and
caennected With @i slkank sectiori Ahdd has<-diameter smaller than the drill

diameter and & length which. j5.10,0r-mare timesthe drildiameter 3, The ; |

small-diameter deep hole drill according to claim 1 or 2, wherein the
eXpafaeaidiametey putith at the tedt etitf6Fthé diill Sseetion eXpands inwe
tapereddosm:feam theduter diameteriof Hwe-end:of the flute up to a diameter

which is approximately. fhs same as Ine dri diameter, allemaivel, 8 oc.q
maximum diameter of the expanded-diameter portion iIs made su stantlaalﬁ/
eflale the arilldiafieter bytdoinbiring 2tapered portidntidite a &imdiical L
partiorehaving a diameter which is approximately the same as

an expanded-diameter portion is provided between said
drill section and aneck section, havinga 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
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 lmmor 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 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
apdt@mesenc0eimes thé drifirdlamleténare provided apohecor dppe times
logations of thg Negkisaction. 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 4t [€nSF0.85 A1 tiHes fo Ted¥ HalrF0. 98 tith&s The HfilP diahtarer
ahds guitiepettions)eachrhaviny tdare cutér didmetec whichdsatdegst0v98 ch

and atmgst 1Qdmes;the dyll digmeter areprovided at one or more .
locations of the neck section, and the length of individual guide portion(s) is

at least 0.2 times and at most 2 times the drill diameter. 7. A micro deep hole
drillingImethed foradrilling avkoler héwing acdiametéer of Ao Of tess andla im
d@pQ}OElSVﬁgé’gg%tlmeS a drilled hole diameter, wherein a small-diameter
deep holeé drill " is gwdednﬁ%ra preformed guide hole, said guide hole is

formed usW& & Pafstifi Wﬁ?&?ﬁ?%%é%ﬁ@@tﬁ%f%?aﬂéﬁﬁ%gﬁJcl%e
baH@ﬂflﬂomiHaxﬁ@rﬁhat the diamaeter«f saidguidehoteis atileast §i90dimes of
eaterrq st t OC he dlameter the maIIW alrggter dee hoIe dr
sa %s

the ept guﬁe%le is atleast 0.6 times and at m: tlmes

tH@Gla‘%ﬁé‘Eér%ﬁ thésnseli-diarfiéredesp hole drill; said guide hole is formed
to have a hottem surfaseyn) a substantiallyhemispherealishape; sad  the
Sggg;ygggﬂggggggé¥ﬂgé¥£Hggngg%g%ﬁa%%g%ﬂggt1ally equal to the
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 0.98andatmost 1.0 timesthedrill 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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length which is at least 5 times and at most 10 times the drill diameter; neck
section is made to have a length which is 10 or more times the drill diameter;
and said drilling is performed by repeating a step feed. 8. A micro deep hole
drilling method for drilling a hole having a diameter of 1 mm or less and a
depth of 15 or more times a drilled hole diameter, wherein a small-diameter
deep hole drill is guided by a preformed guide hole, said guide hole is
formed usimgla ballterad ndill Which ris fed tis thie directldnrot retationnaxis of the

ball end rgill; 4:£2;50that the diameten of said guide hole is atleast O:Q0imes

and at most 1,05 times the diameter of the small-diameter dee%éhole drill

afd 1176 depth of SATrgUias hoie'is BT Teabt® 8" titted e 5T most 2 btimes
thre diameter ofidhe shealktiammeterfdéeep hote driHlesaitdoguiderttble is formed

to have a@@t%@{{fﬁ“&finﬁﬁ%%ﬁaﬂa@ﬁ*ﬂ@@i%%%fi%‘l shape; and saids
drilling is performed while repeating a step feed 12)( using the small-diameter

d8ep HOIBHRillFACEAtdiny B ardy R df Elime™ 2, $ 28 &ra6. 9. The

micro deep hole drilling method according to claim 7 or 8, wherein during a

driling procesg:nyaidad 2 UH0G,ASRtNWAIGH i5 50 QLMYEMERINE ho1e
diameter of a drilled hole, a position of an outer peripheral corner of the
shiallidiameteFBEEF AR IRl durihg Bostep! back - b CdtelPindidertre ttilled
heler saitbpasitiendaftheteuterperipheral corner tsilocated: atdeast 003ri1l
times %n%]?é most 1.0 times the diameter,of the small-diameter deep hole

t

drill from the end face of tﬁémeen(%rgnce of the drilled hole. 10. The micro deep

hole drillindpiétHgd ecoedifgits daified, Whersinaa keedingrspelof tHel ch
smalkdiametendegphale dsill daringtation axis of the ball end mill,

so that the diameter of said guide hole is at least 0.90 times
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;

said small-diameter deep hole drill is made to have a flute
length which is at least 5 times and at most 10 times the drill
diameter;

neck section is made to have a length which is 10 or more
times the drill diameter; and

said drilling is performed by repeating a step feed.

8. A micro deep hole drilling method for drilling a hole
having a diameter of 1 mm or less and a depth of 15 or more times
adrilledholediameter, whereinasmall-diameter deepholedrill
is guided by a preformed guide hole,

said guide hole is formed using a ball end mill which

is fed in the direction of rotation axis of the ball end mill,
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non-drilling period is at least Im/min and at most 4 m/min. 11. Amicro deep
hole drilling method for drilling a 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 repeating a step feed until at least the
maximum-diameter portion 73 or the cylindrical portion penetrates through
theedritled hdle. di2matmicrodeep dole tidlimg hrethod forl drllingla trcuighe s

hgleshaving a-diameter;afcl mALos less-and & depth of L0 or mare-timesithe,
diameter of the through hole, wherein a preformed %uide hole is formed

havihg & tildmet Whidt i§ et idast'o. 80 imed =hd A most 1.65 thids thé - ©
diametereofd saidsraalldidntetes dedr hbleddtl @and & deptlswhidh isiatnleast
048dimes andatimest 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 Aehigphefital Shapemsaidguise o §aidethgur face in a
smabsdiametet ﬁg_epdnqlemfrélracemroﬁhgpe anyrone of claims 1 . 2,3,4,5,
and 6, and the,diling | performed, by rapgating a step feeduntil atlgast the
maximum-diameter portion orthe cylindrical portion penetrates through the
dﬁHeH?&ﬂ@L?@e small-diameter deep hole drill according to any

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

9. The micro deep hole drilling method according to claim

7 or 8, wherein
duringadrillingprocess involvingadrillingdepthwhich
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

of the drilled hole.

10. The micro deep hole drilling method according to claim
9, 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.

11. 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
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or the cylindrical portion penetrates through the drilled hole.

12. Amicro deep 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 hole drill and a depth which is at least
0.6 times andatmost 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 drilled hole.
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