-1- ANNULAR HOLE CUTTER The present invention relates to an annul ar hole ;
cufter. An annular hole cutter disclosed in Japanese Patent  No. 51-27511
has a plurality of circunferentially spaced teeth on a ring- shaped
transverse cross-section at its |ower end, and each of the teeth is f or med
with a plurality of cutting edges. A C‘.hlp Jfornmed by each Cuééi

divided into narrow pieces in the direction of the width of t %ﬁﬁé
ejected through a single flute. In such a conventional annular hole cutter
since two to four chips cut gﬁypne-tooth are %ﬁfcted through-a single f\
flute, even if a chipis div AR HOLE | cutting, the strips join in
the flute, when ejected. The cut strips thus - interfere with one another
and are formed into powders, thereby stopping the flute up. As a result,
the powders are fixed and adhered to the | eadi ng edge and/ or the outer

peri phery of the cutter, and sonetinmes make cutting inpossible. Therefore,
it is necessary to performcutting while preventing the cut powders from
being fixed to the cutter by reducing the cutting velocity. -2- As

described ab@yepldisnki N Oft 88AULERaBALCto an annular hole cutter.

An anﬁular hole cutter disclosed in Japanese Patent No.
51~-27511 has a plurality of circumferentiolly spaced teeth on
a ring-shaped transverse cross-section at its lower end, and _ € '
each of the teeth is formed‘with a plurality;of.cutting
edges. A chip formed by each cutting edge'is divided into
narrow pieces in tho direction of the width of the chip and
ejected through a single flute.
In such a conventional annular hole. cuttei, since two to
four chips cut by one tooth are ejected through a szngle
flute, even if a chip is divided into strlps in cutting, the
strips join in the flute when ejected. The.cut strips
thus interfere with one another and afo formed into
powders, thereby stopping the flute up. As a result, the (w
powders are fixed and adhered to the leadingéﬁ@e and/or the
outer periphery of the cutter, and sometimes make cutting
impossible. Therefore, it is necessarf to perform cutiting
while preventing the cut powders from beiné fixed to the

cutter by reducing the cutting velocity.
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tutter has difficulty i-n efficiently ejecting chips cut by cutting edges
havi ng i ncreased cutting velocity. The present invention ains to elimpate
t he above di sadvantages of the prior art, and an aimof the present .
invention is to provide an annular hole cutter capable of continuously and
efficiently ejecting cut chips. ‘Another aimof the present invention is to
provi de an annul ar cutter capable of %@asily ejecting cut chips which are
cut by radially inward and outward cutting edges of the annular hole
cutters outwardly in the radial direction. A further aimof the present

| nvention is toapr OﬁE%?ﬁ%eQ{'nLQ@JVQC’l SLifth ¢ 91 RPN © aq{rgjiﬂfe{% f"gir.]é‘ﬂe

hi gh- speed an high-préecision cutti-ng by — enhancing
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cutter conprising a maln tubular body adapted t©0 be rotated about ah axis

t her eof cuéghifigmadgels HiavAindg Ofichaasad &ptit'iﬁ?‘sb‘éﬂ.@éi&:r nsverse .
cross-section, an open end, and a plurality of flutes tornmed therein for
ej ecting cut chirhe pmredenti dnvertaidmvaipsa tepiekinivatef the tdlbvext ends
upwardly and rearwardly fromsaid open end in the direction of rotation of
t he mai disalivhatagedsy ofinthe primcat iaytpf andt @m@iretf thec presemti al |y
arranged in cutting tooth groups at said open end of said main tubul ar
body, eiuveb&idncuis ity provids cap somydiagt hpke rewtbterycapable of .
continuously and efficiently ejecting cut chips.
Another aim of the present invention is to provide

1% an annular cutter capable of easily ejecting cut chips
which are cut by radially inward and outward cuttihg'edges
of the annular hole cutter, outwardly in the radial
direction.

A further aim of the present invention is to
provide an annular hole cutter capable of achieving"
high-speed and high-precision  cutting by enhéhcing
ejection efficiency of cut chips.

The present invention provides an annular .hole'
cutter comprising a main tubular body adapted to be
rotated about an axis thereof, said _main tubular body
having a ring-shaped transverse cross-section, an oéen
end, and a plurality of flutes ‘formed therein for ejecting
cut chips, each said flute.havinq a spiral lead face that
extends upwardly and rearwardly from said open end in the
direction of rotation of the main tubular body; and a
plurality of cutting teeth circumferentially arranged in

cutting tooth groups at said open end of said main tubular

body, each said cutting tooth group comprising a radially -
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rotation of said main tubular body which is snoothly and conti nuously
nected to a trailing face of a respective flute; said inner and outer
cutting tooth protions each havirng & cutting edge and a cutting point at
d open end of said of 'said nmain tubular body, each said cutting poi{}
di viding-said respective cutting edges into radially inner cutting edg
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pective radially outer cufting edge portion. Pr
et h 'gadld | Smad%S tubular body which is smoothly and

cpntinuously conne¢ted-to a trailing face of a ;espective
flute; said inner and outer cutting tooth protions each
having a cutting'edée and a cutting point at said open end
of said of said main tubulat body, each said cutting point
dividing said respective cutting edges into radially inner
cutting edge portions and radially outer cutting edge
portions, wherein a cutting zone that includes said

cutting edge of said inner cutting tooth portion has a

" radial width that is not longer than a radial width of a

cutting zone that includes said cutting edge of said'buter
cutting tooth portion; wherein said cutting points of said
inner and outer cutting tooth portions are 1located
radially outward from centres of the widths of said
cutting zoﬁes: and wherein each radially inner cutting
edge portion is longer than the respective radially outer
cutting edge portion.
. Preferably, the flute has a depth that is 1less
than one half of the thickness of said main tubular body.
Preferably, the inner and outer cutting tooth
portions each further comprise a crest that extends upward
and rearward from said cutting points in the direction of

rotation of the main tubular body.

&

-3- inner-.cutting tooth portion and a radially out er cutting tooth portion;
wherein said inner and outer cutting tooth portions each i'nclude a gull et
med therein, each said gullet having a trailing face in the direction of
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t’han one half of the thickness of said main tubular body. Preferably, the
inner and outer cutting tooth portions each further conprise a crest that
extends upward and rearward fromsaid cutting points in the direction of
rotation of the main tubul ar body. Preferably, at least the cutting
point of said inner cutting tiooth porL%pn is disposed on a plane that is
perpendicular to the axis of the main tubular body.. Preferably, the
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flutes an I'sp around the outer periphery of the main tubul ar body,

and proj edHeONg RisOlgudi g™ radi Al txbalbwabdldy.f rom sai d | ands,  each
projection having a wwdth that-is | ess than that of each of the | ands.
Preferably, the nunber of the cutting tooth groups is, at |east two. _
Preferably, thBrafinaebighéhe cwtitdng PIinteyraf I52$9rHRRST  |In the annul ar

hol e cuttghdobuited RAASEIg| B¥6Ohi pBrtdons are disposed on planes that

are perpendicular to the axis of the main tubular body.

Preferably, the main tubular body further has lands formed between the

flutes and disposed around the outer periphery of the main
tubular body, and projections protruding radially outwardly -
from said lands, each projection having a width that is less

than that of each of the:~lands.

Preferably, the number of the'cutting tooth groups

is at least two.

Preferably, the annular hole cutter is integrally_formed.
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.plurality of cutting tooth groups circunferentially fornmed at the |eading
end of the main tubul ar body each has a radially inner cutting tooth
portion and a radially outer cutting tooth portion, the inner-and outer
cutting tooth portions have respective flutes for ejecting cut chips, and
cutting edges disposed radially inwardly fromthe cutting points in the
I nner and outer cutting tooth portio&?rare | onger than the radially outward
the width of chips cut by the radially inward.

e t—e FAg—t-eetH oRe—-s—gi-gat er Mhan
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that of chips cut by the radially outward cutting edges,
cut chips push the narrower cut chips radially outware and both cut chips
are ejected through respective flutes. In g ords, since the chips cut
by the radially inward cutting edges e inner and outer cutting tooth
portions are wide, thus diffice o0 be broken and still kept in the shape
of strings, these cut_ch+pS are continuously ejected radially outward and
upwar d t hrough . utes while taking the chips cut by the radially

out war dg ng edges in the inner and outer cutting tooth portions. As
“described a Sl I e er . | nvention can
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continuously eje 'S possI t chieve Speed cutting
and th%ﬁdﬁ%ﬂ%ﬁ?”é%”dﬁtting tooth groups circumferentially formed at

the leading end of the main tubular body each has a radially

inner cutting tooth portion and a radially outer cutting _ .
tooth portion, the inner and outer cutting tooth porﬁions
have respectije flutes for ejecting cut chips, and cutting
edges disposed radially inwardly from the cutting points in
the inner and outer cuttiné tooth portions are lonQer than_
the radially outward cutting edges. Therefore, the width of
chips cut by the radially inward cutting edges in the inner
and outer cutting tooth portions is greater than that of
chips cut by the radially outward cutting edges, and thus the
wider cut chips push the narrower cut chips radially
§utwardly and both cut chips are ejected through reSpecfive \;)
flutes. In other words, since the chips cut by the radially

inward cutting edges of the inner and outer cutting tooth

portions are Qide, thus difficult to be broken and still kept

in the shape of strings, these cut chips are contihuously

ejected radially outward and upward through the flutes while

taking the chips cut by the radially outward cutting edges'in

the inner and outer cutting tooth portions.



cut- an annul ar hol e at -high speed. The acconpanyi ng drawi ngs each show an
enbodi nent of a rotary cutter according to the present invention. Fig. 1 is
a side view of the rotary cutter; Fig. 2 is a front view of the rotary
cutter; Fig. 3 is an enlarged front view of a tooth group conposed of an

I nner cutting tooth portion A anhd an outerCﬂUttlng tooth portion B; Fig. 4
I's an enl arged perspective view of the inner cutting tooth portion A, Fig.
5 is gngenl arged perspective view of the outer cutting tooth portion B;

Fig. 671s an eniaraegceméanﬁsew Vs ENCOTt R Cah RALA r CHb 1 NGut 0OF Mo ?OEﬁéO”
A, Fig. 7 is an enlarged exp anatory view of the outer cutting toot

portion Bpr¥kdt GinPenticn €xP! ot Huoud B Syt NSt f’tﬁaiﬁ@,er:.@lliél ng
tooth portion A and the outer cutting tooth portion B di sposed .one on top

of the otimssible otid athbeek Kigeadpests.cuttdng ed diestt ofpreic hsely ar
hol e cutter according to the present invention shown in Fig.” 2 includes
four tootleulr cupsarnulchhole tdie hiopt spgeglps 2 has a cutting tooth
portions A and B, as hereinafter explained, which are arranged regularly

The accompanying drawings each Show an embodiment of a
rotary cutter accoréing to the present invention.
0 Fig. 1 is a side view of the rotary cutter;

Fig. 2 is a front view of the rotary cutter;

Fig. 3 is an gnlarged front view of a tooth group
composed of an inner cutting tooth portion A and an outer
cutting tooth portion B;

Fig. 4 is an enlarged perspective vigw of thg inner
cutting tooth portion A;.

Fig. 5 is an enlarged perspeétive view of the outer
cutting tooth portion B;

Fig. 6 is an enlarged explanatory view of the inner
cuttiﬁg tooth portion A;

Fig. 7 is an enlarged gxplanatory vieﬁ of the outer
cutting tooth portion B; and

Fig. 8 is an explanatory view sho&ing thé inner cutting
tooth portion A and the outer'cutiing tooth portion B

disposed one on top of the other in front an back directions.



and circunferentially at the open end of a main tubular body 1 having a

ri ng-shaped transverse cross-section. It is preferable to’'have an odd
nunber of tooth groups. Referring to Fig. 1, the integral annular hole
cutter is constituted by a shank portion 3 which is directly or indirectly
cl anped by a rotary spindle of a borihq_nachine and fixed to the center of
rotation of the main tubular nmenmber 1, 'l ands 4 spirally ‘projecting on the
outer periphery of the main tubular nmenber 1, flutes 5 forned between the

| ands 4A and 4B so as to eject cut chips, and gullets 6 which eject t héwcut
chips, are axially forned at the end face of the opening of the main
tubul ar body I and constitute the end face of- the opening and cutting
edges. The ZanrmbadimeEnt of tegr anmmuliarss hyllsodutdrer isccordimy o tthe prior
art in that the gullets 6 and the flutes 5 are .connected on the end face of
t he oppresensf inventdion shiewnadnbddy .12 BEnslaidesnfaure Hdarhe grcupsdet ai |,
the depth, that is, the radial wdth of the flute 5 is equal to or |ess
than a2hal Fash eife thei Soedds IBOUPse 2nlias Rulsintdingsodpoth portHenst Puct ur es

of the inner cutting,tooth portion A and the outer cutting tooth portion B
will n8RFbE 0 B8c Peged ek st &i’qp,lagﬂﬁdtfhé’hﬁéﬂ?htair&wﬁﬁr&%‘ﬁééﬁ%lﬁoot h
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1 having a ring-shaped transverse cross-section. It is

preferable to have an odd number of tooth groups.

Referring to Fig. 1, the integ:al-annuiar hole cutteéer is
constituted by a shank portion 3 which is directly or
indirectly clamped'by a.roﬁary spihdle”éf a boring machine
and fixed to the center of rotation of the main tubular:

- member 1, lands 4-spirally projectiﬁg on the outer periphery
of the main tubular member 1, flutes 5 formed between the
lands 4Aand 4B so as to eject cut chips, and gullets 6 which
eject the cut chips, are ax;ally formed.a; the end face of
the opening of the main tubﬁlar bodyﬁlland cdnstituﬁe thé enc y

face of the opening and cutting edges. The annular hole hd

cutter in this embodiﬁent”is similar to the prior art in that

the gullets 6'and the flutes 5 are connected on the end face

of the opening of the méin tubular body 1. Explaining the
flute 5 in detail, the depth, that is, the radial width of

the flute 5 is equal to or less than a half of the thickness

of the main tubular body 1.



As shown in Fig. 8, the inner cutting tooth portion Ais forned radially
inwardly on the end face of the main tub r body 1, and an effective tooth
width Al of the inner cutting tooth porti®@n Ais set so as to be slightly
shorter than an effective tooth width Bl of the cutting tooth portion B
formed radially outwardly on the end face and equal to or slightly |ess
than the depth of the flute 5. A cutting point P1 of the inner tooth
portion:Ais located in a position which is radially and outwardly shifted.
alittTe fromthe center of the effective tooth width Al. A crest 7
linearly exten@hagstruatuhescaftthg poner eattdng pophh perpdosdAr eadwar d
in the direction of rotation of the main tubular body 1 intersects a
virtual %R euterneehiing teethporkienB wikd aWa?Plel dpscoibedeinni n
tubul ar body 1 and the cutting point Pl at a right. angle or at a_slightly
obt use arf&r%a.il'Th%néo‘%%nwh%l%slﬁm %Wé?e%u?gﬁ nE;°?EgtH°EE?‘PP§nAAawai ch
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body 1, and an effective tooth width Al of the inner cutting
tooth portion A is set So as to be slightly shorter than an
(% effective tooth width Bl of the cutting tooth poftion B
formed radially outwardly on the end face and equal to or
slightly less than the depth of thé flute 5. A cutting point
Pt of the inner tooth portion A is located in a position which;_
is radially and outwardly shifted. a little from the center of the
effective tooth width Al. A crest 7 linearly extending from
the cutting point Pl to a point disposed rearward in the
direction of rotation of the main tubular body 1 intersects a
virtual line Ll linking an axis P, that is, the axial line of
the main tubulaf body 1 and the cuttiné.pbint Pl at a right.
angle or at a,slighﬁly obtuse angle. ' The bottom face of the
inner cutting tooth portion A which is divided into inner and
outer parts by the crest 7 is formed with a radially inner
back—-off face 8 and a radially outer back-off face 9 which

inclines at slightly greater angle than that of the back-off

face 8 (see Fig. 3).



position fromthe cutting point Pl1, that is, so that the crest 7 gradually
and linearly separates fromthe surface Wof an object to be processed (see
Fig. '4). Afront portion of the inner cutting tooth portion A that is, a
cutting face 10 having the effective tooth width Al, as shown in Fig. 3,
protrudes in the shape of an obtuse tvfangle-so that the cutting point P1
Is directed forward in the direction oft rotation of the annular hole
cutter, and constitutes a part of the gullet 6 while being continuousl y-,
connected to the trailing face of the gullet 6 in the direction of el
rotati on. AFhehmwmestn Fiigpiclgines mpwagd Bitng fsddght] argled adj adat to th
outer portion of the cutting face 10 is connected to the trailing face of

t he flthe bore teardarec poatioh oft aheopre$he7odnhethpedipeetdlonswtf ace of a
narrow projection 12 adjacent to the non-cutting face 11 substantially
const i ratatiohe ofutdenesnuidar podeakcutbetats dfisppsedninl fhehdiosregut ter,
and a two-thirds or three-quarters portion 4a in width of the outer

peri phRPaRtigpf £&OmofthehEULEARIA PRANENP R EBAEcASY i onthRtt §BEout er nDSt

peripheral surface of .the annylar hole cutter is radially inwardly | ocated
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A front'portioh of the inner cutting tooth portion A,
that is, a cutting face 10 having the effective tooth width
Al, as shown in Fig. 3, protruaes in the shape of an obtuse .. -;J-
triangle so that the cutting point Pl is directed forward in
the direction of rotation of the annuiar hole cutter, and
constitutes a part of the gullet 6 while being continuously
connected to the trailing face of the gullet 6.in the
direction of rotation. As shown in Fig..6, a non-cutting
face 11 formed adjécent to the outer portion of the .cutting
face 10 is connected fo the trailing face of the flute 5 in -
the direction of rotation.

The outer peripheral surface of a narrow projection 12
adjacent to the non-cutting face 11 substantially constitutes
the'outermoét peripheral surface of the annular hole cutter,
and a two-thirds or three-quarters portion 4a in widﬁh of the
outer peripheral surface of the land 4 which is concentric
with the outermost peripheral surface of the annular hole
cutter is radially inwardly 1located so as, in use, not to be in contact

with @ processed face of the object to be processed during
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surface.is not in contact with the processed face, the frictional .
resi stance between the annular hole cutter and the object. to be processed _
is mnimzed. A cutting point P2 of the outer tooth portion Bis located in
a position radially and outwardly shifted slightly fromthe center of an
effective tooth width Bl which is slight} onger than the depth of the
flute 5. A crest 13 extending linearly and rearwardly in the direction.of
rotati:on of the main tubular body 1 fromthe cutting point P2 intersects a
virtua line L2 linking the axis P of the main tubular body 1 and the
cutting prheitréRatiion ofghheamghelar diola shttght |- \Siobe e antgre peaipheral
reaches a trailing ridge portion 13a of the land 4. As shown in Fig. 3, the
bot t om f aerfAce hes mateincoontagt twbth poetPoacesapfichars, dibeded into

i nner and_outer parts by the crest 13 is formed with a radially inner

back- of f ﬁlave%t'&qna%dras{aaaaw ybotresn bk - arruldEchetewArERernapenEdeat
slightly greater angle than that of the back-off face 14. The back-off face
9 of tkmaébﬁﬁﬁtcﬁ?tpﬁgpfﬁﬁ?ﬁsﬁﬁr%?omiﬁéﬁhﬂe@he back-of f face 14 of the
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from the center of an effective tooth width Bl which is '
slightly longer than thé depth of the flute 5. A crest 13
k/' extending linearly and rearwardly in the direction of

rotation of the main tubular body 1 from the cutting point P2
intersects a virtual line L2 linking the axis P of the main
tubular body 1 and the cutting point P2 at a right angle or
at a slightly qbtuée angle, and reaches a trailing ridge
portion 13a of the land 4.

As shown in Fig.'3,.the bottom face of the outer cutting
tooth portion B which is divided into inner and outer parts
by the crest 13 is formed with a radially inner back-off face
14 and a radially outer back-off face 15 which inclines at
slightly greater arigle than that of the back-off face 14.
The back-off face 9 of the inner cutting tooth portion A and
the back-off face 14 of the outer cutting tooth portion B
almost intersect on a virtual boundary line C between the
effective tooth widths Al and B; (see Fig. 8).

~ The crest 13 is similar to the crest 7 of the inner.

cutting tooth portion A in that the crest 13 inclines so that



the nore rearward portion of the crest 13 in the direction of rotation of
the annular hole cutter is disposed-in the |ower position fromthe cutting
poi nt P2. However, a cutting face 16 agx a non-cutting face 17 ‘of the outer
cutting tooth portion B are serially fodmed with the trailing face of the
gullet 6 in the direction of rotation, and the trailing face of the gullet
6 is continuously connected to the trailing face .of the flute 5 in the
direction of rotation. The outer peripheral surface of a projection 18y
which is formed adjacent to the radially outward portion of the cuttin’g‘
face the maren rerwardipdidtiicn (dfe thenerestna3 dan Why eirert ichk? omd
substantially forns the outernost peripheral surface of the annular hole
cut t erotatilon sfirthenamenlas hrodjeecitdrerids Rigpesadnin & deers out war d
fromthe outer peripheral surface of the |and 4, thereby mnim zing the
frict POsditLossi Ehepuiddng ROiptnf2ar Hewevast & ittt ine fagect to be

processed. The cutting ,points P1_and P2 of the inner cuttin% tooth portion
S

A andifh@nsuemaRy o F@F S dr't i9n tRe guE &% CtEdneh 1R

er pend lar to the axi s.,of fhe in lar b 1, respectively, andthe.
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face of the flute 5 in the direction of rotation. The outer .
peripheral surface of a projection 18, which is formed - _ "
adjacent to the radially;outward portion of the cutting face
16, has a narrow width. in the'same-manner as projection 12 and
substantially forms. the 6utermo§t peripheral sufface of the
énnular hole cutter in the same manner as projection.12:.. Prejéctién jS
projects outward from the outer peripheral surface of the
land 4, thereby minimizing the frictional resistance between
the annular hole cutter and ;he object to be processed.

The cutting points Pl and P2 of the inner cutting tooth

portion A and the puter cutting'tobth'portion B are lOCAted .

on planes perpendicular to the axis of the main tubular body hd

1, respectively, and the planes may be a common plane.

Therefore, the inner cutting tooth portion A and/or the outer

cutting tooth portion B are simultaneously brought into

contact with the surface W of the object to be processed in a - .

cutting operation, and cutting is simultaneously executed by

cutting edges 19 and 20 and/or 21 and 22 formed on

-



I ntersection lines of the cutting plane 10 (16) including the cutting point
P1 (P2) and the back-off faces 8 and 9 (14 and 15). The rel ati onshi ps

bet ween the wi dths D11 and D12 of cut fggg§ D1 and D2 cut by the cutting
edges 19 and 21 and the wi dths D13 and of cut chips D3 and D4 cut .by
the cutting edges 21 and 22 are D11 > D12 and D13 > D14. Operations of the
above enbodi nent will now be described. The annular hole cutter is fixed to
a rotaggble spi ndl e of a boring-machi ne through an arbor, the boring

machi ne |s fixed onto the surface of an object to be’ ocessed and the

spi ndl e FLFIRYLONLINE S LR TRE Futiolng Riane 1 ocLAGhEE P He&eobj ect
whi | e beln rotated, the inner cufting to %ﬂgns and he outer
cutting t98 tr?“b%r‘?‘?’cfhts %1 af?’e’r BRY VS %ﬁﬁ%{@‘g‘g nttHfafthe
ann | ar e c ter aneo | v or_.sequent.i al bro n ont act
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both sides of the cutting point Pl an he cutting edges 21 a
sides of ddifes Uil idWd 22 are D11 > D12 and D13 > D14.

Operations of the above embodiment will now be
described.

(W, The annular hole cutter is fixed to a rotatable spindle
of a boring machine through an arbor, the boring machine is
fixed onto the surface of an object to be processed, and the
spindle is rotated. When the annular hole cutter is moved
toward the object while being rotated, the inner cutting
tooth portions A and the outer cutting tooth portiohs B
alternatively arranged on the open end of the annular hole
cutter are simultaneously or sequentially brought into
contact with the surface W of the object.

In the above operatlon, the éutting-point Pl of. thé
inner cutting. tooth portlcn A and the cutting point P2 of the
outer cutting tooth portion B on the surface W of the object
maximize the outer diameter of the annular cutter due to the
cutting edges 19 and 20 on both sides of the'cutting point P1
and the cutting edges 21 and 22 on both sides of the cutting
point P2, The object is annularly cut by the thickness of

the main tubular body 1.



point P2. The object is annularly cut by the thickness of the main tubular
body 1. In the inner cutting tooth portion A chips D1 and D2 cut by the
cutting edges 19 and 20 formng the effective tooth portion Al pass out
the main tubular body 1 through the gullet 6 and the flute 5 which open

adj acent to each other in the front portd on, Since the
width D11 of the chip D1 cut by the dadi@ |y inward cutting edge 19 is
greater than the width D12 of the chip D2 cut by the radially outward . .
cutting edge 20, the mass and rigidity of the wider chip D is greater»han
that of the Imarsherdmne ;mm,u@nd:ctdtél Fogrioh gysldsipsutDlt ledctizp D2
radially outwardly, that is, fromthe %ullet 6 toward the flute 5. In
particguﬁrbYtﬁbecWW$§i@ateﬁﬁeﬁhé9iﬁﬁér Sutormdngosble eéfeicsAva whose .gul | et
is likely to be stopped up are snmoothly. ejected fromthe flute 5. On the

ot her haRgh Pﬁrﬂ:ﬁé’noﬂtler PASSt PH& to&i”ﬁ mriﬂ &ybglaghppdyDd Zhaomsbcut by
the cuitin nd.22 are ejected. . froman ther flute 5 to above the
mai n t%%ﬁlgPigg&y 130, &bgh £ H&Fhér é&FPePpgn JACREtLTO BBt fect i ve
rest oPCPRE HPaERef NG ERFELRY: zong by the of fect i VATESOERopALEEN Al of
the D11 of the chip D1 cut by the radially inward cutting edge 19
is greater than the width D12 of thexchip D2 cut by the
radially outward cutting edge 20; the mass énd rigidity of
the wider chip D1 {8 greater than that of the narrower chip | | \_y
D2, and the chip D1 pushes out the chip D2 radially |
outwardly, that is, from the gullet 6 toward the flute 5. 1In
particular, the chips cut in the inner'cﬁtting tooth_portion
A whose gullet is likely to be stopped up afe smoothly..
ejected from the flute 5. |

On the other hand, in the outer cutting tooth portion B,
chips D3 and D4 cut by the cutting edges 21'and 22 are
ejected from another flute 5 to above the main tubular body 1
through another gullet 6.

Cutting by the effective tooth.portion Bl of the outer
cutting'tooph portion B is conducted by the rest of the width
of the cutting zone by the effective tooth portion Al of the
inner cutting tooth portion A. Since the width D13 of the
chip D3 cut by the radially inward cutting edge 21 is greater
than the width D14 of the chip D4 cut by the radially outward

cutting edge 22, the mass and rigidity of the wider chip D3
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inner cutting tooth portion A Since the width D13 of the chip D3 cut by
the radi.ally inward cutting edge 21 is greater than the width D14 of the
chip D4 cut by the radially outward cutéhgghedge 22, the mass and rigidity
of the wider chip D3 S greater th at of the narrower chip D4.
Even if the chip D4 tries to nove toward the gullet 6, an action for
preventing the novenent arises. The chips D3 and D4 cut by the cutting
operation of the outer cutting tooth portion B are snoothly ejected from

t her~f,lute 5 ly f t hi DL and D2. \ t bj ect. i
Fhus out 5y + AFSan mhaniehlo OB shE Rarredl’ ip Bne BRT A dPD and
D2 and th t i : i i, dt t.0 t t hi ckr
2 and el S IR SAARSIHIGA MY sl LI okness
5, the cubbieR@nRNAHHY rovreMEHY A GRN T %eo%h‘ﬁgsh% aléibcﬁf‘f%q}%dﬂ‘gal

cutting resistance. en the annular cutting 1s conpleted, a

sl ag for megebuiths N UHAa AW id10 t3RPJREES e i todunBdha abigct . and

an annul ar hol e havi'ng a dianmeter corresponding to the outer dianeter of
t he out er aget simdd Gt 2 JaAd D FBm Ehdichies flte0\§ &epd ARG, Hor e

annul ar hole cutter, is fornmed. According to the annular hole cutter of the
present i chdpisi @1, and@2.the depth of the flute 5 can be equal to or
When the object is thus cut by the cutting edges 19, 20,
21 and 22, sinée the cut chipg‘Dl and D2 and the cut chips D3
(_ and D4, each having a width equal to the thickness of the
| main tubular body i, are ejécted ffom different Qullets 6 and
flutes S, the cutting operation is smoothly carried on
without increasing the cutting resistance. When the annular
cutting is completed, a cylindrical slag formed by the
annular cutting separates and falls from the object, and an
annular hole having a diameter corresponding to the outer
diameter of the outer cutting tooth portion B, that is, the
outer diameter of the annular hole cutter, is formed.

g According to the annular hole cutter of the preseﬁ£ _

&r/ invention, since the depth of the flute 5 can be equal t; or
less than a half of the thickness of the main tubular body 1,
the rigidity of the cutter is sufficient. Furthermore, the
width of the cutting zone of the effective tooth portion Al
formed by the cutting edges 19 and 20 of the inner cutting
tooth portion A is almost equal to or slightly less ﬁhan the

depth of the flute 5, and the cutter has such an indented



-less than a half of the thickness of the main tubular body 1, the rigidity *
of the cutter is sufficient. Furthernmore, the width of the cutting zone of
the effective tooth portion Al formed by the cutting edges 19 and 20 of the
inner cutting tooth portion Ais alnost equal to or slightly less than the
depth of the flute 5, and the cutte s such an indented structure that
the chips cut by the cutting edge 19-nside the cutting point Pl and.the
cutting edge 21 inside the cutting point P2 snoothly nove toward the flute.

e EFRErhES EHbtchab: sRLEYCThE Tohn P B ERaRbOROEA, B, SR c LT
h h b
A I R e s igeguggent 1 mventon

the O&Evff‘hﬁ?t bade t POt QmBQEﬁi?nmgvérQ&Qkéf ehenk1fibut es'rh% gb%%‘ on to the

structure o he 1 nner and er cutting tooth portions A ‘t hat i's,

an i needt edrEbEUSEUpReviR€el] £E6h OPe Dhgt Qeoﬁgédcmeaueaeob@;u%mot hl'y
performed wi thout reducing the cutting velocity herefore, it is possible

to recwifapl ¥n@nlapeecibe cuhbi Baodlth Gﬂtﬁmg:csw@eiw\htbaanueconvent' onal
annul ar hole cutter.
easily carried out.

In particular; as shown in the above embodiment, since
tne'presenf inventioh_ejgéts the chips cut by the inner
cutting tooth portion A and .l : the outer .
cutting tooth portion B from different flutes in relation to
the structure of the inner and outer cutting tooth portions A
and B, that is, an indented structure, the ejection of the
cut chips can be smoothly performed without reducing the
cutting velocity. Therefore, it is pqssible to remarkébly

enhance the cutting efficiency compared with any conventional

annular hole cutter.
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CUAIMS: 1. An annul ar hole cutter conprising a nmain tubular body
adapted to be rotated about an axis thereof, said main. havi ng
a ring-shaped transverse cross-section, an open end, and a ﬂﬁural|ty of

flutes forned therein for ejecting cut, chips, each said HIWMHHIII
In

spiral lead face that extends upwardl Q@nd rearwardly fr
the direction of rotation of the main tubular body; and a pIurd1|ﬂy 6f
cutting teeth circunferentially arranged in cutting tooth groups at said-
open eid of said main tubul ar body, each said cutting tooth group

conpri sigigzgmgadi al Iy inner cutting tooth portion and a radially outer
cutting tooth portion; wherein said inner and outer cutting tooth portions
each include a gullet forned therein, each said gullet having a trailing
face in the direction of rotation of said main tubular body which is

smoot hl t.and corkn naswRilarconetet ethtitern tompriisgrigaca ofain retapatarve
flute; said inner and outer cutting tooth protions each having a cutting
edge an@cﬁmuaﬂla@g:qﬂ)l Bo dbe sajotatpeh ebéudf ani dxis s&henemf) t shdbar
body, each said cutting point dividing said respective cutting edges into
radi al | ywaimer tahulan edpdypor baydsigandar adringyshapred cutrangvensge

portions, wherein a cutting zone that includes said cytting edge of said
cross-section, an open end, and a plurality £ lutes

formed therein for ejecting cut chips, each said flute
having a spiral 1lead face that extends upwardly and
rearwardly from said open end in the direction of rotation
of the main tubular body: and a.plurality of cutting teeth
circumferentially arranged in cutting tooth groups at said
open end of said main tubular body, each said cuttlng
tooth group comprising a radially inner cutting tooth
portion and a radially outer cutting tooth portion;
wherein said inner and outer cutting tooth portions"each
include a gullet formed therein, each said gullet having a
trailing face in the direction-of rotation of said main
U tubular body which is smoothly and continuously connected
to a trailing face of a respective flute; said inner and
outer cutting tooth protions each having a cutting edge
and a cutting point at said open end of said of said main
tubular body, each - said cutting point dividing said
respective cutting edges into radially inner cutting edge
portions and radially outer cutting edge portions, wherein
a cutting zone that includes said cutting edge of said

inner cutting tooth portion has a radial width that is not



i nner cutting tooth portion has a radial width that is not | onger than a
radi.al width of a cutting zone that includes said cutting edge of said
outer cutting tooth portion; wherein said;—eu%%%ng“ﬁﬁTﬁTEﬂﬁﬁﬁ said ‘inner

and outer cutting tooth portions are |ocate | |d fromcentres
of the widths of said cutting zong} and whe E‘ gﬁ \g‘l m‘y i nner
cutting edge portion is |longer than the resp Ladmalty *outer cutting

edge portion. 2. An annul ar hole cutter according to claim1, whereiT
said flute has a depth that is |less than one half of the thickness of Said

Mai Néndetathlfds rAdialAwidth| of holouttilrierzane otatigiheladaism 1 or
claim2 wherein said inner and outer cutting tooth portions each further
conEabd aubteiig t lkalgeexbfndsaigweoutend cudstrimg d tioodh spodtdoentzi ng poi nts
in the direction of rotation of said main tubular body. 4. An annul ar

hol evlveredn asadddi eytitdngny geisttsli mf clsabd whenern and| egutegaid cutting
point of said inner cutting tooth portion is _disposed on a_plane that is
per peuel tngataaths apergionsofarei dosdted uﬁéﬂé?lgﬁdﬁu"aarﬂ ART®®nul ar hol e
cutter according to any one of ths precedjing clains whereip sai,d cutting

poi rRaneresof | Hrer visFhsutef fPEEHRS  FOREREn AN e WBPEBISed on

plaﬁﬁbﬁhﬁgdially inner cutting edge portion is longer than

the respective radially outer cutting'edge_portioh.

2. An annular hole cutter adcording_to claim 1, wherein
said flute has a depth that is less than one half of the
thickness of said main. tubular body. ' '

3. An annular hole cutter according.to claim 1 ér claim 2
wherein said inner and outer,cutting tooth portions each
fu;th?r comprise a crest that extends upward and rearward
from said cutting points in the direction of rotation of said
main tubular body. | "

.4' An annular hole cutter according to any preceding claim,
wherein at least said cutting: point of said.inner cutting
tooth portion is disposed on a plane that is perpendiculér to w
said axis of said main tubular body.

5. An annular hole cutter according to ény one of the
preceding claims wherein said cutting points of said inner
and outer cutting tooth portions are disposed on planes that
are perpendicular to said axis of said main tubular body.

6. An annular hole cutter aCCOtding.to claim l,.wherein

said main tubular body further has lands formed between said

flutes and disposed around the outer periphery of said main
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are perpendi cular to said axis of said main tubular body. 6. An annul ar
hol e cutter according to claim1, wherein said nmai n—tubular—body further

has | ands formed between said flutes and di sposed ar

peri phery of said main t ubul ar body, and projecti glgmmmmmum' ally
outwardly fromsaid | ands, each proj 1on having a w atwiss | ess than
that of each of said |lands. 7. An annul ar hole cutter according to any
one of;the preceding clains, wherein the nunber of said cutting tooth
groups~Ts at |east two. 8. An annul ar hol e cutter according to any_one of
the precdttbiglarabPady  wAtde DFosiactipns | BFORENE1AG radiad Intyrwrrgly
formed. 9 An annul ar, hol e cutter, substantially as herei nhefore descri bed

with ref AR eSddahaNdS /i PAG BRUIPT H PR DAY LB AN YIAF R hghs Less
than that of each of said lands.

7. An annular hole cutter according to any one of the
preceding claims, wherein the number of said cutting tooth

groups is at least two.

8. An annular hole cutter according to any one of the

preceding claims, wherein said annular hole cutter is

integrally formed.

9. An annular hole cutter substantially as hereinbefore

described with reference to and as illustrated in the

accompanying drawings.




