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APPARATUS ANNULAR CUTTER" The present invention relates to an annular
cutter connecting apparatus for connecting an annular cutter5to a drilling
machine used for drilling relatively deepholes in a workpiece made of a
hard material, and anannular cutter connected by such a connecting
apparatusto the drilling machine, and more particularly to anannular cutter
connecting apparatus for connecting an10annular cutter to a drilling
machine with ease,receiving oily an annular cutter suited for thedrilling
machine and preventing any annular cutter notsuited therefor from being
connected to the drillingmachine, and such an annular cutter.15The
conventional drilling machine for drilling aworkpiece made of a hard
material generally forms holesby driving an annular cutter having downward
directedblade edges at a constant rotational speed and feed.Upon drilling a
workpiece made of a hard material on20this drilling machine, it is
necessary to change theannular cutter which is now used when it is not
suitedfor the workpiece to be drilled.There have been developed various
annular cutterconnecting apparatuses which facilitate replacement
of25annular cutters, and annular cutters which can bereplaced easily. There
are variety of annular cutterconnecting apparatuses, the simplest type of
whichconnects an annular cutter to an arbour by means of ablot, and a
relative complicated type of which uses30locking members such as balls for
holding the arbour.An annular cutter connecting apparatus which has
arelative complicated structure as disclosed in JapaneseLaid-open Patent
Application 62-74515 will be describedwith reference to Figs. 1 and 2.35A
conventional annular cutter 1 connected to anarbour 2 of a drilling machine
(not shown) and   . , , . 2 4 MAY 2002 -2 transmits the rotation and the
feed required fordrilling operation from the drilling machine to anannular
cutter 8. A cylindrical rotation transmittingmember 3 is irrotationally
connected to the arbour 2 by5means of a key 4. A plurality of holding holes
6 forholding fixing balls 5 are formed in the lateral wallof the lower
portion of the rotation transmittingmember 3 so as to be directed toward
the axis of therotation transmitting member 3.10On an intermediate portion
of the inner peripheralsurface of the rotation transmitting member 3
areformed a plurality of engaging portions 7 (Fig. 2)which extend toward
the central axis of the member 3and transmit rotation from the rotation
transmitting15member 3 to the annular cutter 8. A pushing sleeve 9for
pushing the fixing balls 5 toward the central axisof the rotation
transmitting member 3 surrounds therotation transmitting member 3 so as to
be slidableaxially thereof. Between the pushing sleeve 9 and the20rotation
transmitting member 3 is provided a compres-sion coil spring 10 for urging
the pushing sleeve 9downward. The pushing sleeve 9 is held by a holdingring
11 fixed to the outer peripheral surface of therotation transmitting member
3 so that the pushing25sleeve 9 is prevented from slipping off the
rotationtransmitting member 3.The annular cutter 8 has a downwardly
opencylindrical body having a plurality of blades (notshown) formed on the
lower end thereof. On the upper30end of the cylindrical body is formed a
cylindricalshank portion 12 inserted in the lower portion of acylindrical
central hole (hereinafter referred to asthe "fixing hole") formed by the
inner peripheralsurface of the rotation transmitting member 3.
Axially35projecting portions 13 engageable with the engagingportions 7 are
formed on the upper end of the shank   ` ~ ~ ~ ' 2 4 MAY 2002 -3 portion
12. An annular groove 14 for receiving thefixing balls 5 is formed in an
intermediate portion ofthe outer peripheral wall of the shank portion 12.A
centre pin 15 for determining the drilled5position axially slidably passes
through the centralhole of the annular cutter 8. An annular engaginggroove
16 for receiving engaging balls 17 is formed inthe upper end portion of the
centre pin 15. Theannular cutter 8 is connected to the arbour 2 in
the10fixing hole by pushing the engaging balls 17 into theengaging groove
16. The centre pin 15 is urgeddownward by a compression coil spring 18
through theballs 17, and a sealing member 19 is abutted againstthe upper
shoulder of another annular groove 20 so as15to prevent cutting oil from
flowing downward from thecylindrical central hole in the arbour 2, when
thecentre pin 15 is not in use. During the drillingoperation, however, the
lower end tip of the centre pin15 is pressed against a to-be-drilled
workpiece (not20shown) made of a hard material, and the centre pin 15is
pushed in the fixing in the rotation transmittingmember 3 against the
urging force of the compression-coil spring 18. Accordingly, the sealing
member 19 is~released from the shoulder of the annular groove 20 of25the
annular cutter 8, and the cutting oil is suppliedfrom the cylindrical hole
of the arbour 2 to the bladeedges of the annular cutter 8, whereby the
drillingoperation is performed smoothly.The annular cutter 8 is fixed to
the rotation30transmitting member 3 in the following way. First, thepushing
sleeve 9 is moved upward against the urgingforce of the compression coil
spring 10. Next, theshank portion 12 of the annular cutter 8 is
insertedinto the fixing hole of the rotation transmitting35member 3 until
the projecting portions 13 engage theengaging portions 7. In this state,
the pushing   2 ~r MAY Q002 -4 portion 21 of the pushing sleeve 9 is
displaced fromthe fixing balls 5, and the fixing balls 5 face
thecylindrical ball-escaping hole 22 of the sleeve 9 sothat the balls 5 are
movable radially outward. Thus,5the shank portion 12 of the annular cutter
8 isinserted freely in the cylindrical hole of the rotationtransmitting
member 3.When the annular cutter 8 is fully inserted in therotation
transmitting member 3, the pushing sleeve 9 is10released. Then, the pushing
sleeve 9 is moved downwardby the urging force of the compression coil
spring 10and pushes the fixing balls 5 into the annular groove14 of the
shank portion 12. In this way, the annularcutter 8 is fixed to the rotation
transmitting member153Upon drilling a workpiece made of a hard material,the
annular cutter now on the drilling machine must bereplaced by an annular
cutter having a diameter suitedfor holes to be formed, if the annular
cutter now on20the drilling machine has not such a suitable
diameter.However, the conventional annular cutterconnecting apparatus can
connect any annular cutter tothe arbour so long as the inner diameter of
fixing holeof the rotation transmitting member corresponds to the25outer
diameter of the shank portion of the annularcutter and the annular groove
coincides with fixingballs. Thus, an annular cutter not suited for
thedriving capability of a drilling machine and for thematerial of a
workpiece is sometimes connected to the30arbour 2 mistakenly. If the
drilling operationcontinues without noticing this mistake, unexpectedhigh
cutting resistance is produced during the drillingoperation. As a result,
the driving mechanism of thedrilling machine tends to be damaged and/or the
blade35edges of the annular cutter 8 are apt to be broken.In case where
only blade edges are broken, this   2 4 MAY 2002 -5 problem can be solved
by replacing the annular cutter 8 with a suitable one. When, however, the
drivingmechanism of the drilling machine is broken, thedrilling operation
must be interrupted for a long timein order to repair the driving
mechanism, deranging theproduction plan. When the annular cutter 8 is
notsuited for the material of a workpiece, burrs tend tobe produced to
lower the dimensional accuracy of theformed holes, even if the holes can be
formed. As cut10chips are wound around the annular cutter 8, thepushing
sleeve 9 is sometimes pushed up against theurging force of the compression
coil spring 10, and theannular cutter 8 is apt to be adversely loosened
orremoved from the arbour 2.15When the annular cutter 8 is fixed to the
arbour 2as shown in Fig. 2, the pushing sleeve 9 is lowered sothat the
annular cutter fixing balls 5 coincide withthe escaping hole 22 formed in
the lower end portion ofthe pushing sleeve 9 and are set in a waiting state
in20the escaping hole 22. In the conventional annularcutter connecting
apparatus 1 of a general type, partof each ball 5 projects from the inner
peripheralsurface of the rotation transmitting member 3 into acentral bore
defined by the inner peripheral surface of25the rotation transmitting
member 3 (Fig. 1). Flatfaces 23 each having a depth corresponding to
theextended amount of each ball 5 into the central boreare formed on the
parts of the outer peripheral surfaceof the shank portion 12 of the annular
cutter 8, which30parts extend from the annular groove 14 to the upperend of
the shank portion 12. When the shank portion 12is fixed to the arbour 2,
the flat faces 23 align withthe corresponding balls 5, and then the shank
portionis pushed into the central bore.35Any annular cutter can be
connected to the arbour2 so long as the annular cutter is provided with a
2 4 MAY 2002 -6 shank portion 12 having an outer diameter corresponding to
the inner diameter of central hole of the arbour 2and flat faces 23 for
receiving the balls 5 extendingfrom the holding holes 6 into the central
hole. Thus,5the subject matter in that only a suitable annularcutter can be
fixed to a specific arbour cannot beachieved by the conventional annular
cutter 1.Japanese Examined Utility Model Application No.64-3603 discloses
one of the conventional annular10cutter connecting apparatus which uses a
bolt by whichan annular cutter is connected to an arbour. Thisconventional
apparatus will be described with referenceto Fig. 3. The shank portion 24
of an annular cutteris inserted in the central bore 26 of an arbour
25.15Then, a fixing bolt 27 provided in the arbour 25 isturned to engage a
flat face 28 formed on the lateralwall of the shank portion 24, and the
annular cutter isconnected to the arbour 25. The centre O1 of the
shankportion 28 should coincide with the centre 02 of the20receiving hole
26 of the arbour 25. Actually, however,slight manufacturing errors of the
shank portion 24 andthe receiving hole 26 and/or fitting tolerances
betweenthem produce a centre displacement 8 ranging from1/100 to 1/50mm.
This displacement provides25eccentricity of the annular cutter, giving an
adverseeffect to the annular cutter.The first object of the present
invention is toprovide an annular cutter connecting apparatus whichconnects
to a drilling machine only an annular cutter30suited for the drilling
machine and prevents a pushingsleeve of the apparatus from being loosened
or removedeven when cut chips are wound around the pushing sleeveduring the
drilling operation.The second object of the present invention is
to35provide an annular cutter to be connected to a drillingmachine by means
of such an annular cutter connecting   . 2 4 MAY 2002 



apparatus.In order to achieve the first object of thepresent invention, an
annular cutter connectingapparatus comprises an arbour including
cylindrical one5end portion having an outer diameter, a central boreand a
plurality of holding holes arranged circumfer-entially in the end portion,
locking members receivedin the receiving holes, for connecting an
annularcutter to the arbour, and a sleeve rotatably10surrounding the end
portion of the arbour. The sleeveis provided with a first control face
having an innerdiameter equal to the outer diameter of the end portionof
the arbour, for extending the locking members by apredetermined length from
the receiving holes into the15central bore when the first control face
engages thelocking members. The sleeve is further provided withsecond
control faces formed in the first control faceand arranged
circumferentially thereof, for receivingthe balls in such a manner that the
balls are held in20the holding holes in a state in which the balls
arecleared off the central bore of the arbour. The firstcontrol face and
the second control faces are arrangedso that the balls selectively engage
the first controlface and the second control faces. Upon connecting
an25annular cutter to the arbour, locking member passingmeans formed on the
outer peripheral surface of theshank portion of the annular cutter is made
to passthrough the regions of the locking members, and thelocking members
are engaged with depressed locking30member receiving portions formed in or
on the lockingmember passing means.In order to achieve the second object of
thepresent invention, an annular cutter comprises asubstantially hollow
cylindrical blade portion having35one end, a shank portion coaxially formed
on the end ofthe blade portion having a lateral side, locking member   2 4
MAY 2002 -8 passing means formed on the lateral side of the shankportion
and depressed locking member receiving portionsformed in or on the locking
member passing means andarranged circumferentially thereof.5Fig. 1 is a
longitudinal cross-sectional view of aconventional annular cutter
connecting apparatus;Fig. 2 is a side view of the main part of theannular
cutter connecting apparatus of Fig. 1;Fig. 3 is a transversal
cross-sectional view of10the fixing portion of another conventional
annularconnecting apparatus using a fixing bolt with anannular cutter fixed
thereto;Fig. 4 is a longitudinal cross-sectional view ofthe main part of an
annular cutter connecting apparatus15according to one embodiment of the
present invention inwhich an annular cutter to be connected the arbour
ofthe apparatus is separated from the apparatus;Fig. 5 is a longitudinal
cross-sectional view ofthe main part of the annular cutter
connecting20apparatus of Fig. 4 with the annular cutter connectedto the
arbour;Fig. 6 is a longitudinal cross-sectional view of_-the pushing sleeve
of the annular cutter connectingapparatus of Fig. 4;25Fig. 7 is a
cross-sectional view along line 7-7 inFig. 6;Fig. 8 is a cross-sectional
view along line 8-8 inFig. 4;Fig. 9 is a cross-sectional view along line
9-9 in30Fig. 4;Fig. 10 is a cross-sectional view along line 10-10in Fig. 5;
Fig. 11 is a front view of a first embodiment ofan annular cutter according
to the present invention;35Fig. 12 is a side view of the annular cutter
ofFig. 11;   _g^ Fig. 13 is a transversal cross-sectional view of second
and third embodiments of annular cutters according to the present receiving
portions; Fig. 14 is a front view of the third embodiment of 5 the annular
cutter according to the present invention; Fig. 15 is a side view of the
third embodiment of the annular cutter Fig. 16 is a front view of a fourth
embodiment of an annular cutter according the present invention; and 14Fig)
17 is a side view of the annular cutter ofFig. 16.An annular cutter
connecting apparatus and anannular cutter according to the present
invention willbe described by way of preferred embodiments withZ5reference
to the accompanying drawings.First, the annular cutter connecting
apparatusaccording to the present invention will be described.As spawn in
Figs. 4 and 5, a rotational speed anda feed required for drilling operation
is transmitted20from a drilling machine (not shown) to an arbour
101connected thereto. The arbour 101 is formed with acylindrical central
bore 102 to which cutting oil issupplied from the drilling machine through
an oilpassage (not shown).25A seal member 103 is set in position by
aretaining ring 104 in the lower portion of the centralbore 102. A valve
body l05 for opening and closing oilpaths comprises a head portion 106, a
flange portion1D7 farmed at the side of the seal member 103 and30formed
with oil grooves 108 and a rod portion 109caaxiaaly extending downward from
the flange portionZ07 and idly fitted in the central hole 103a of theseal
member 103.In the non-operative condition, the flange portion35107 is
pressed against the seal member 103 by theurging force of a compression
nail spring 110 provided   2 4 MAY 20D2 -lo in the central bore 102,
thereby preventing the cutting oil from leaking downward from the central
hole 102.The valve body 105, the seal member 103 and thecompression coil
spring 110 constitute a valve foropening and closing the oil paths.During
the drilling operation, the centre pin 138of each of annular cutters 130A,
130H, 130C and 130Dwhich will be described later in detail is
pressedagainst a workpiece and is lifted up. The head portion10139 formed
on the upper end of the centre pin 138 abutsagainst the lower end of the
rod portion 109 of thevalve body 105 and raises it. The flange portion
107is separated from seal member 103 against the urgingforce of the
compression coil spring 110. As a result,15the cutting oil flows down
through the oil passages108, spaces formed between the flange potion 107
andthe seal member 103 and between the inner peripheralsurface of the
central hole of the seal member 103 andthe outer peripheral surface of the
rod portion 109 and20reaches the edges of the blade portion 131.Holding
holes 112 for receiving locking membersfor fixing the annular cutter 130A
(balls 113 in thisembodiment and hereinafter referred to as the "fixing'
,balls 113") are circumferentially arranged in the lower25end portion 111
of the arbour 101. Each holding hole112 may have the same inner diameter
throughout thewhole depth, but it is preferred that the inner wall ofthe
holding hole 112 be tapered so that the insideinner diameter at the inner
end of the hole 112 is30smaller than the outside inner diameter at the
outerend thereof. This prevents the balls 113 from fallingin the central
bore 102 of the arbour 101.A substantially hollow cylindrical
supportingmember 114 is axially slidably fitted in the lower end35Portion
of the central bore 102 and is urged downwardby the urging force of a
compression coil spring 114   2 4 MAY 2002 -11 provided between the
supporting member 114 itself andthe retaining ring 104. In the outer
peripheral wallof the lower end portion of the supporting member l14is
formed ain annular neck 116 having a smaller outerdiameter than the
remaining part of the outerperipheral wall, for receiving the fixing balls
113which partially project from the holding holes 112toward the central
bore l02. The depth of the annularneck 116 is shown by E in Fig. 8.10The
outer peripheral surface 117 of the lower endyportion 111 of the arbour 101
is reduced in diameter ,and an annular cutter fixing sleeve 118 is
fittedthereon. As shown in Figs. 6 and 7, the sleeve 118comprises a
cylindrical first control face 119 defined15bY the inner peripheral surface
of the sleeve l18 andhaving an inner diameter equal to the outer diameter
ofthe lower portion 111 of the arbour 101, and secondcontrol faces 120
forming shallow U-shaped depressionsarranged Circumferentially in the first
control face20119. A ring-shaped return spring chamber 121 formed inthe end
of the sleeve 118 which end becomes the lowerend of the sleeve 118 when it
is attached to the arbour101. In this embodiment, three second control
faces120 are arranged circumferentially equidistantly25arranged in the
first control face 1l9. The number ofthe second control faces is not
limited to three.However, three are the most suitable because the
shankportion of the annular cutter is supported most stablyby the three
second control faces 120. The second30control faces 120 may be
circumferentially arranged atirregular intervals, but it is preferable that
they bearranged regularly so that they receive equal loads.The first
control face 1l9 pushes the fixing balls113 and causes parts of the fixing
balls 113 to project35from the holding holes 112 deep into the central
bore102. The sleeve 118 can be rotated in the direction of   2 4 MAY 200Z
-12 an arrow A as shown in Fig. 8. In a non-operativecondition, the sleeve
118 assumes the rotated state inthe direction of the arrow A by means of
the a returnspring 124 as shown in Fig. 8. In this state, the5fixing balls
113 are in contact with the correspondingsecond control faces l20 and are
received by the neckportion 116 of the supporting member 114. Thus, theyare
at the waiting position as shown in Fig. 4.Referring to Figs. 4 and 5, the
return spring10chamber 121 is covered with a ring cover l51 held onthe
lower end of the outer peripheral wall of thearbour 101 by a holding ring
152.As shown in Figs. 4 to 6 and 9, a substantiallyC-shaped return spring
124 is housed in the return15spring chamber 121. One end 125 of the return
spring124 is fixed to the arbour 101 and the other end 126thereof is fixed
to the sleeve 118, and the sleeve 8 isalways urged in the direction of the
arrow A in Fig. 8so as to push the fixing balls 113 into the central20bore
102.Next, embodiments of annular cutters according tothe present invention
will be described.Fig. 11 and 12 show a first embodiment of anannular
cutter 130A according to the present invention25which comprises a
substantially hollow cylindricalblade portion 13l having the open lower end
and acylindrical shank portion 132A formed coaxially on itsupper end. On
the lateral side of the shank portion132A are formed flat faces 133
arranged circumferen-30tially at equal intervals. A depressed ball
receivingportion 134A forming a hemispherical depression forreceiving the
respective fixing ball 113 is formed ineach flat face 133. The depressed
ball receivingportion 134A is an example of a locking member35receiving
portion for connecting an annular cutter toan arbour.   2 4 MAY 2002 



-13 Fig. 13 is a transversal cross-sectional viewshowing a second annular
cutter 130H in a state inwhich it is connected to the arbour 101. A
cylindricalshank portion 132B is coaxially formed on the upper end5of a
blade portion 131 having the same structure of theblade portion 131 of the
first embodiment of theannular cutter 130A, and flat faces 133 are formed
onthe lateral side of the shank portion 132B in the samemanner as the flat
faces 133 on the shank portion 132A10of the first embodiment of the annular
cutter 130A. Aball receiving portion 134B having a conical shape in
ahorizontal cross section is formed in each flat face133. The ball
receiving portion 134B is also anexample of the locking member receiving
portion.15Figs. 14 and 15 show a third embodiment of anannular cutter 130C
of the present invention. Itsshank portion 132C has the same structure as
the shankportion 132A of the first embodiment of the annularcutter 130A
(the shank portion 132A having the20hemispherically depressed ball
receiving portions 134A)or the shank portion 132H of the second embodiment
ofthe annular cutter 130H (the shank portion 132B havingthe conically
depressed ball receiving portions 134B).Another flat face 153 is formed on
the portion of the25outer peripheral surface of the shank portion
132Cbetween adjacent two flat faces 133. The flat face 153is shown by
broken lines in Figs. 4 and 5. The otherstructure is the same as that of
the first and secondembodiments of the annular cutters 130A and 130B.
The30annular cutter 130C can be connected to an arbour bymeans of a
conventional annular cutter connectingapparatus by using the flat face 153
as a passingportion.Fig. 13 also shows a transversal cross section of35the
third embodiment of the annular cutter 130C havingconically depressed ball
receiving portions in a state   2 4 MAY 2002 -14 in which the annular
cutter 130C is connected to thearbour 101. The annular cutter, the shank
portion andthe conically depressed ball receiving portions of thethird
embodiment are shown by (130C), (132C) and5(134C), respectively, in Fig.
13.Figs. 16 and 17 show a fourth embodiment of anannular 130D which has a
blade portion 131 having thesame structure as that of the first embodiment
of theannular cutter 130A. A cylindrical guide portion 13510is coaxially
formed on the upper end of the shankportion 132D provided on the upper end
of the bladeportion 131. The guide portion 135 has an outerdiameter reduced
from the outer diameter of the shankportion 132D so that it does not hit
against the fixing15balls 113 when the shank portion 132D is inserted inthe
central bore 102 of the arbour 101.Hemispherically depressed ball receiving
portions 134Dare formed circumferentially in a step portion 136defined
between the upper end of the shank portion 132D20and the lower end of the
guide portion 135. Thedepressed ball receiving portion 134D is also
anexample of the locking member receiving portion.In the embodiments
described above, the flat faces' ~133 and guide portion 135 constitute
locking member25Passing means, and the locking member passing means andthe
locking member receiving portions constituteengaging portions.The number,
the positions and sizes of the flatfaces 133 of the annular cutter 130A and
130H, and the30guide portions 135 and the ball receiving portions134A,
134B, 134C and 134D of the annular cutters 130Cand 130D correspond to the
number, the positions andthe size of the fixing balls 18 when the shanks of
theannular cutter are fully inserted in the central bore35102 of the arbour
101 (Fig. 5). Because of thisarrangement, only the specific annular cutters
132A,   ~ 4 MAY 2002 -15 132H, 132C and 132D can be connected to the arbour
101but other annular cutters cannot be connected thereto.Each of the shank
portions of the first to fourthembodiments of the annular cutters has three
ball5receiving portions arranged circumferentiallyequidistantly. However,
the shank portion may have apolygonal cross section.As shown in Figs. 5 and
6, the centre pin 137 forsetting a to-be-drilled position extends through
the10centre hole of the annular cutter 130A so as to bemovable axially. On
the upper end of the centre pin138 is formed a head 139 having a larger
outer diameterthan the outer diameter of the centre pin 138 so as toprevent
the centre pin 138 from slipping off the15central hole 137 of the annular
cutter 130A. Asdescribed above, the point formed on the lower end ofthe
centre pin 138 abuts against a workpiece which isbeing drilled, and the
centre pin 138 is lifted. Thevalve body l05 for opening and closing the oil
passage20is lifted by the head 139 of the centre pin 138 toallow the
cutting oil in the arbour 101 to flow down tothe edges of the blades formed
on the blade portion 131of the annular cutter 130A. Each of the second
to'fourth embodiments of the annular cutters 130H, 130C25and 130D is
provided with a centre pin having the samestructure as that of the first
embodiment of the centrepin 138.OperationFirst, the processes of how to fix
the annular30cutters to the arbors will be described.The shank portion 132A
of the annular cutter 130Ais inserted from below in the central bore 102 of
thearbour 101 which is in a state shown in Figs. 4 and 8.As the shank
portion 132A is inserted, the supporting35member 114 is lifted by the shank
portion 132A and disengaged from the fixing balls 113. The fixing balls   2
4 MAY 2002 -16 113 roll on the flat faces 133 and engage the ballreceiving
portions 134A provided in the shank portion132A at the final stage of the
insertion. At the sametime, the sleeve 118 is rotated in the direction of
the5arrow A in Fig. 8 by the urging force of the returnspring 124. As a
result, the fixing balls 113 contactthe first control face 119 and are
firmly pushed in theball receiving portions 134A. Thus, the annular
cutter130A is connected to the arbour 101 in one-touch10operation, as shown
in Fig. 5.-Upon the connection of the first embodiment of theannular cutter
130A to the arbour 101, the upper end ofthe shank portion 132A reaches the
region of the fixingballs 1l3, as the shank portion 132A is inserted in
the15central bore 102 of the arbour 101. When the flatfaces 133 of the
shank portion 132A are axially alignedwith the fixing balls 1l3, the fixing
balls 113 engagethe ball receiving portions 134A by merely pushing
theannular cutter 130A in the central hole. When, on the20other hand, the
flat faces are not axially aligned withthe fixing balls l13, the upper end
of the shankportion 132A hits against the fixing balls 113, and nofurther
insertion of the shank portion 132A ispermitted. However, after the flat
faces 133 have been25aligned with the fixing balls 1l3 by rotating
theannular cutter 130A around its own axis, the annularcutter 130A can be
inserted further, enabling thefixing balls 113 to be engaged with the ball
receivingportions 134A easily so that the connection of the30annular cutter
130A to the arbour 101 is completed.The second and third embodiments of the
annularcutters 130H and 130C can be connected to the arbour101 in the same
way as the first embodiment of theannular cuter 130A. As described above,
the third35embodiment of the annular cutter 130C can be connectedto the
arbour by means of a conventional annular cutter   Z 4 MAY 200 -17
connecting apparatus.In an aligned state, the fourth embodiment of
theannular cutter 130D is fully inserted in the centralhole 102 of the
arbour 101, and the balls 113 arefitted in the ball receiving portions
134D, whereby theannular cutter 130D is connected to the arbour 101. Ina
misaligned state, however, the step portion 136 ofthe shank portion 134D
hits against the fixing balls113, as the shank portion 134D is inserted in
the10central bore l02 of the arbour 101. In this case, thecutter 130D is
rotated around its own axis to axiallyalign the receiving portions 134D
with the fixing balls113. Thereafter, the shank portion 132D is
furtherinserted in the central bore 102 of the arbour 101 so15that the
fixing balls l13 engage the ball receivingportions 134D. In this way, the
annular cutter 130D isconnected to the arbour 101.The three point support
attained by the balls 113of the first to fourth embodiment 130A, 130B, 130C
and20130C ensures accurate transmission of the rotation andthe rotational
force from the arbour 10l to the annularcutters 130A, 130H, 130C and 130D
and prevention ofcentre displacement between the annular cutter and
thearbour 101, leading to accurate drilling operation.25The reception of
the balls 13 in the ball receivingportions of the shank portion of the
annular cutteraccording to the present invention allows the annularcutter
to be moved slightly upward and downwardrepeatedly due to the cutting
resistance or the like30during the drilling operation so that cut chips
arebroken into'small pieces, the drilling efficiency isimproved and the
life of the annular cutter isprolonged.As apparent from the above
description, only an35annular cutter having locking member passing
meanswhose size and arrangement are suited for an annular   Z 4 MAY 2002
-18 ,. 5 10 15 20 25 30 35 cutter connecting apparatus which is now to be
used can be connected to an arbour, but an unsuitable annular cutter is
prevented from being connected thereto. Even when long chips are produced
and wound around the sleeve 118 thereby lifting the sleeve 118, the sleeve
118 is not rotated in the direction in which the annular cutter is released
from the annular cutter connecting apparatus. Thus, the annular cutter is
not loosened or removed by such chips from the arbour 101. 



The annular cutter is removed from the arbour 101 in the following way. The
sleeve 118 of the annular cutter 130A is manually rotated in the direction
opposite to the direction of the arrow A in Fig. 8, and the second control
faces 120 axe caused to face the fixing balls 113. Then, the annular cutter
130A is pushed downward by the urging force of the compression coil spring
115 and automatically slips off the arbour 10l. Thus, the removal of the
annular cutter 130A from the arbour 101 can also be performed in one-touch
operation, although it is necessary to hold the annular cutter 130A during
its removal in order to avoid dropping of the annular cutter 130A. As the
annular cutter 130A is pushed out of the arbour 101, the supporting member
114 is lowered by the urging force of the compression coil spring 115, and
finally the fixing balls 113 are held by the annular neck 116. In this way,
the annular cutter connecting apparatus is returned to the original state
as shown in Fig. 4. The removing operation is applicable to the other
embodiments of the annular cutters 130B, 130C and 130D.   n A 2 4 MAY 200Z
19 CLAIMS 1. An annular cutter connecting apparatus which 5 comprises: (1)
an arbour including cylindrical end portion having an outer diameter, a
central bore and a plurality of holding holes arranged circumferentially in
said end portion; 10 (2) locking members received in said holding holes,
for connecting an annular cutter to the arbour; and (3) a sleeve rotatably
surrounding said end portion of said arbour and provided with: 15 (a) a
first control face having an inner diameter substantially equal to said
outer diameter of said end portion of said arbour, for causing said holding
holes to project from the inner peripheral wall of said arbour by a first
predetermined length into said 20 central bore when said first control face
engages said locking members; '~,~ (b) second control faces formed in said
first control face and arranged circumferentially thereof for receiving
said locking members in such a manner that 25 said locking members are held
in said holding holes in a state in which said locking members project from
the inner peripheral wall of said arbour by a second predetermined length,
which is less than the first predetermined length, into said central bore
of said 30 arbours and (c) said first control face and said second   2 4
MAY 2002 20control faces being arranged so that saidlocking members
selectively engage said first controlface and said second control faces;(4)
a supporting member provided axially movably5in said central bore of said
arbour and provided on oneend of said supporting member with an annular
neck forreceiving said locking members engaged by said secondcontrol faces;
and(5) spring means provided in said central bore,10for setting said
supporting member in a position inwhich said annular neck receives said
locking members;andwherein , upon connecting, to said arbour, an
annularcutter having a shank provided with an outer peripheral15surface and
locking member passing means formed on saidouter peripheral surface, said
locking member passingmeans is made to pass through regions of said
lockingmembers engaged by said second faces while pushing saidsupporting
member into the inside of said central bore,20and said locking members are
made engaged with depressedlocking member receiving portions formed in or
on saidlocking member passing means.2. An annular cutter connecting
apparatus accordingto claim 1, further comprising spring means
provided25between said arbour and said sleeve, for setting saidsleeve
towards a position at which said first controlface engages said locking
members.3. An annular cutter connecting apparatus accordingto claim 2,
wherein said spring means comprises a C-30shaped spring having two ends,
one end being fixed to   ,, 2 4 MAY 2002 21 said arbour and the other end
being fixed to said sleeve. 4. An annular cutter connecting apparatus
according ' to any one of the preceding claims, wherein said locking 5
members comprise balls. 5. An annular cutter connecting apparatus according
to claim 4, wherein each of said holding holes is tapered with an inside
inner diameter being smaller than an outside inner diameter. ,~ l0 6. An
annular cutter connecting apparatus according to any one of the preceding
claims, wherein said holding holes are three in number and arranged
circumferentially equidistantly in said end of said arbour. G
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