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To facilitate on-site use, there is a need for a compact
and lightweight rotary cutting machine which allows a cutting
tool to have a sufficient degree of cutting stroke. Various
attempts have been made to meet these needs. See, for example,
Japanese patent application publication Nos. 2002-538976 and
2005-22055.

It is an object of the present invention to provide a
rotary cutting machine which.can smoothly feed a cutting oil
to a cutting tool without leakage, in the event that the rotary
cutting machine is inclined at a relatively large angle so that
the machine is properly placed against a workpiece, and which
is compact and lightweight and allows the cutting tool to have
a sufficient degree of cutting stoke.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there
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In one embodiment, the oil tank includes a tank body
configured to sealingly contain the cutting oil and including
an oil outlet communicated with the inlet port of the arbor,
a float, and a flexible vent pipe mounted within the oil tank.
The vent pipe has one end communicated with ambient atmosphere
outside of the oil tank and the other end to which the float
is connected. The float allows the other end of the vent pipe
to be located above the level of the cutting oil within the tank
body.

This arrangement avoids leakage of the cutting oil from
the o0il tank regardless of the angle of inclination of the
machine body.

In another embodiment, the machine body includes a



the oil tank regardl ess of the angle of inclination of

the nmachine body. I n another enbodi nent, the machine
woaadns/oovishk udes a 2 WO 2006/ 009184 PCT/ JP2005/ 8aB3B105/013341

housi ng surroundi ng the arbor and including a

cylindrical oil tank nmount extending outwardly from

t he housing and disposed in a coaxial relation to the

arbor. The oil tank nmount has a through cavity
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fitting to feed a cutting oil to the cutting tool.

In a preferred embodiment, the tank body has a bottom wall
mounted to the machine body and having a peripheral edge, a
peripheral wall extending from the peripheral edge of the bottom
wall in a direction away from the machine body, and a top wall
attached to the peripheral wall and spaced a predetermined
distance from the bottom wall. The oil outlet is disposed in
the bottom wall adjacent to a part of the peripheral wall of
the tank body where the first interior part is located.

According to another aspect of the present invention,
there is provided a rotary cutting machine comprised of a
machine body including a rotatable arbor and adapted to hold
a rotary cutting tool which is rotated with the arbor about the

central axis of rotation of the arbor, and an oil tank mounted
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conprised of a nachine body including a rotatable
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1ntermed1ate rotary shaft telescopically connected to the

proximal rotary shaft and movable between an extended position
wherein the proximal rotary shaft and the intermediate rotary
shaft are axially overlapped with one another by a relatively
short axial length and a retracted position wherein the proximal
rotary shaft and the intermediate rotary shaft are axially
overlapped with one another by a relatively long axial length,
the intermediate rotary shaft being rotated with the proximal
rotary shaft, a distal rotary shaft telescopically connected
to the intermediate rotary shaft and moved between an extended
position wherein the intermediate rotary shaft and the distal
rotary shaft are axially overlapped with one another by a

relatively short axial length and a retracted position wherein
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includes an output shaft which extends perpendicular to the
central axis of rotation of the arbor.

In this way, the rotary cutting machine of the present
invention can be brought into a compact arrangement when the
machine is not in use. Also, the rotary cutting machine can
have a sufficient degree of cutting stoke during a cutting
operation.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side elevation, in section, of a rotary cutting

machine according to the present invention;



respective extended and retracted positions. The notor
i ncl udes an out put shaft which extends perpendi cul ar
woaodeslesiseent ral axis of rotation of the arbor PCTapPi00#/613341

way, the rotary cutting machine of the present

i nvention can be brought into a conpact arrangenent

when the machine is not in use. Also, the rotary

cutting machine can have a sufficient degree of
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rehdy&ption will now be described with reference to the
acconpanying drawings. Fig. 1 is a side elevation, in
section, of a rotary cutting machine (in the
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Fi g Font View of t he Fotary cutting machine.
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driven drill) assembled according to the present invention.
Fig. 2 is a front view of the rotary cutting machine. As shown,
the rotary cutting machine 10 includes a machine body 14 to which
a motor 12 with an output shaft 12a is mounted, an arbor 18 (for
rotating a cutting tool) drivingly connected to the output shaft
12a of the motor 12 through a gear train 17 with a bevel gear
17a, a feed mechanism 20 for reciprocatingly moving a cﬁtting
tool C (illustratively, in the form of an annular cutter) to
and from a workpiece W (in the embodiment shown in Figs. 1 and
2, made, for example, of steel and horizontally placed below
the power drivendrill), and an electromagnetic base 41 attached
to the lower end of the machine body and adapted to secure the
machine body 14 to the workpiece. The rotary cutting tool C
is secured to the lower end of the arbor 18. A grip 42 is
arranged on the upper section of the machine body 14.

As shown better in Figs. 3 and 4, the arbor 18 includes

a proximal rotary shaft 22 mounted to the machine body 14 for



rotating a cutting tool) drivingly connected to the

out put shaft 12a of the notor 12 through a gear train
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of the machine body 14 disposed in a coaxial relation to the
arbor 18 and adapted to axially move and rotationally secure
the cylindrical holder 28. A plurality of locking balls 26a
are arranged on the lower end of the distal rotary shaft 26 to
hold the annular cutter C in place. A sleeve 26b extends around
the lower end of the distal rotary shaft 26. Specifically, the
sleeve 26b i1s rotatable between a locking position (as shown
in Figs. 1 and 3) wherein the locking balls 26a are received
in a recess, which is formed in a part of the annular cutter
C inserted within the distal rotary shaft 26, to lock the annular
cutter C in position and an unlocking position wherein the

locking balls 26a are radially outwardly moved and disengaged



adapted to rotatably support the distal rotary shaft

26 through a needle bearing 27 and nounted to the
woratsiongisbody for axial novenent with the di sPai/jp2005/013341

rotary shaft 26, and a cylindrical guide 29 axially

di spl aceable within a cylindrical portion 14a of the

machi ne body 14 disposed in a coaxial relation to the

arbor 18 and adapted to axially nove and rotationally
fragedure rddes<yl i ndrical hol der 28. A plurality of
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of the cylindrical guide 29. At this time, the second pinion
34 is downwardly moved on and along the third rack 32 while the
second pinion 34 is rotated in a clockwise direction. This
causes the cylindrical holder 28 to be downwardly moved with
the distal rotary shaft 26. It will be noted that the distance
of downward movement of the distal rotary shaft 26 is twice as
long as the distance of downward movement of the cylindrical
guide 29. When the distal rotary shaft 26 reaches the lower
end of the intermediate rotary shaft 24, the distal rotary shaft
26 is brought into interlocking engagement with a stopper which
is disposed on the lower end of the intermediate rotary shaft
24. As a result of this engagement, the intermediate rotary
shaft 24 is forced to be downwardly moved with the distal rotary



shaft 22 and the internediate rotary shaft 24. The
annular cutter Cis rotated with the distal rotary
wehefetoo®B4 The first pinion 33 is then rotate#Ctiyp0as/013341

countercl ockwi se direction in Fig. 4) by nmeans of an

operating lever 35 which is, in turn, secured to one

end of the shaft of the first pinion 33 outside of

t he machi ne body 14. This rotation causes downward
shafaveédent of the cylindrical guide 29. At this tine,
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of jihe EAitedt W’t?ﬁé( ahaﬂtn%ﬁ r oty %ﬁs Faqp of an oil
1iddngugbombti P88 9FJEhe 0il passage 22a of the proximal rotary

shaft 22, an axial through bore 24a (see Fig. 4) of the
intermediate rotary shaft 24, and an axial through bore 26d (see
Fig. 4) of the distal rotary shaft 26. More specifically, a
seal ring 26e is mounted on the valve seat 26c (see Figs. 3 and
4). The valve element 36a is sealingly engaged with this seal
ring 26e to fully close the oil line 18a. The oil line 18a
vertically extends within the arbor 18. When the arbor 18 is
moved from its retracted position to its extended position to
cut a hole in the workpiece W, the pilot pin P is held in
engagement with the workpiece W. In other words, the pilot pin
P is upwardly displaced relative to the arbor (particularly,
the distal rotary shaft 26) when the arbor is extended in a

downward direction. As aresult of thisdisplacement, the valve



22a. The oil passage 22a extends along the centra
axis of the proximal rotary shaft 22. A valve rod 36
woomwogisky noved within the oil passage 22a. peiteobhel3341

arbor inits retracted position, a central pilot pin

Pis held in the position shown in Figs. 1 and 3. In

this state, a valve elenent 36a, which is connected

to the lower end of the valve rod 36, is seated
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540 M6 T108L 58 Sayses 108 SEMEL.eBY1 tank mount 14b are
communicated with one another. A rotary valve 60 is disposed
within the passage 54b so as to adjust the cross sectional area
of the passage 54b and thus, regulate the flow of the cutting
0il to be supplied to the annular cutter. The rotary valve 60
is adjustably operated by means of a lever 60a. As shown in
Figs. 1 and 3, the oil tank mount 14b has a small diameter portion
14d and a large diameter portion l4e located below the small
diameter portion 14d. The joint 54a of the oil tank is fitted
over these two portions. As shown in Fig. 5, the joint 54a has
a clamping ring or slit ring 55 disposed about the large diameter
portion of the oil tank mount 14b and a fastener or screw 54c

adapted to secure the clamping ring 55 around the large diameter
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56b of the vent pipe 56 to be exposed to an air E
which is present above the level of the cutting oil O
woizbdsionomsine t ank body 54. In the illustrated PCT/JP2005/013341

enbodi nent, the machine body 14 has a generally

cylindrical portion 14a to house the arbor 18. A

cylindrical oil tank nount 14a (see Figs. 3 and 7)

extends upwardly fromthe upper end of the
portybnndrfi tak padit itemkldeuarnd 14ios di sposed in a coaxi al
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toward its retracted position, an, upward ow_. of

i s pévaritandd ke enterhephedtniBESHIO fSPﬁSetanﬁh%oa9£%£lor
spécl% eugh +ihe-chaek yahvetbbhterior part and a second interior

part by an imaginary plane containing the central axis of
rotation of the arbor. In Figs. 1 and 3, the imaginary plane
extends normal to the sheets. The first interior part is less
in volume than the second interior part. The tank body 54 is
mounted to the machine body and oriented in the desired angular
position about the central axis of rotation of the arbor so that
the first interior part is located below the second interior
part.

Fig. 6 shows that the rotary cutting machine is attached
to the workpiece W which is oriented in a vertical direction
rather than in a horizontal direction as shown in Figs. 1 to
3. Inthis embodiment, the oil tank 50 is mounted to the machine
body 14 so that the first interior part of the tank body is

11



The tank body 54 includes a bottomwall 54e | ocated
adj acent to the nmachi ne body 14, a peripheral wall 54f
wexbwrnddrsg fromthe peripheral edge of the boPCoarPwabihi3341
54e in a direction away fromthe machi ne body 14, and
a top wall 54g connected to the peripheral wall and
separated a predeterm ned di stance from the bottom
wal | 54e. The oil outlet 52 (located in the |eft
locserdd drebdwt hbeoidedaank &steshbwn parEi gs.Thi sammrBIngament
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(n%01§ﬂ?W39-or|ented in a vertical direction rather than

in a horizontal direction as shown in Figs. 1 to 3.

In this enbodi nent, the oil tank 50 is nounted to the

machi ne body 14 so that the first interior part of

the tank body is 11 WO 2006/ 009184 PCT/ JP2005/ 013341

| ocated bel ow the second interior part. This

arrangenent allows the level of the cutting oil 0 to

be higher than the annular cutter as conpared the

case where the oil tank is positionally mintained as

it was relative to the machi ne body, in other words,

the oil tank is placed upside down fromthe state
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shown in Fig. 6. Better supply of cutting oil results.
Referring to Fig. 7, the oil tank 50 may need to be
woenwyegis4 for exanple, in the event that the POTAP3005/013341

cutting machine is wused in a small or narrow site. In
such a case, a hose adapter or fitting 62 may
preferably be nounted to the oil tank nmount 14b of
t he machi ne body. The hose fitting 62 is in the form
of a cap fitted over the oil tank nount 14b and

CLAE gl udes an outwardly extending connector or nipple

The nipple 64 is connected through to an externa

hose to a renote oil source (not shown). 12 WO
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of retakion, sald.flrst interior part being less in volume than

said second interior part.

2. A rotary cutting machine according to claim 1, wherein
said oil tank comprises:

a tank body configured to sealingly contain the cutting
oil and including an oil outlet communicated with said inlet
port of said arbor;

a float; and

a flexible vent pipe mounted within said oil tank, said
vent pipe having one end communicated with ambient atmosphere
outside of said oil tank and an other end, said float being
connected to said other end of said vent pipe so as to allow
said other end of said vent pipe to be located above the level
of the cutting oil within said tank body.

3. A rotary cutting machine according to claim 1, wherein
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port of said arbor; a float; and a flexible vent pipe
mounted within said oil tank, said vent pipe having
woneemagiscommuni cat ed wi t h anbi ent at nospher e POUUB10d®013341
of said oil tank and an other end, said float being
connected to said other end of said vent pipe so as to
allow said other end of said vent pipe to be | ocated
above the level of the cutting oil within said tank
sajbbniychfﬁneﬁbq)@y dmyelewtets adgavechignoacsorih gl selig arbor,
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clai@ithg G Pt $ANg &01 S@dtk Ghdud@nk nmount. 4. A
rotary cutting machine according to claim1, further

conprising a hose fitting nounted to said oil tank
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through cavity of said oil tank nount. 5. A rotary
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peripheral edge of said bottom wall in a direction away from
said machine body, and a top wall attached to said peripheral
wall and spaced a predetermined distance from said bottom wall,
said oil outlet being disposed in said bottom wall adjacent to
part of said peripheral wall of said tank body where the first

interior part is located.

6. A rotary cutting machine according to claim 1, wherein
sald arbor comprises:

a proximal rotary shaft mounted to said machine body for
rotation about said central axis of rotation and drivingly
connected to a motor;

an intermediate rotary shaft telescopically connected to
said proximal rotary shaft and movable between an extended

position wherein said proximal rotary shaft and said
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interior part is located. 6. Arotary cutting machi ne
according to claiml1l, wherein said arbor conprises:. a
weonraecioomis4r ot ary shaft nounted to sai d nmachi nePODMY2009013341

rotation about said central axis of rotation and

drivingly connected to a notor; an internediate

rotary shaft tel escopically connected to said

proxi mal rotary shaft and novabl e bet ween an ext ended
intposketiehewnrertsiny salhafpr exenalxicdtlar yowsdmalarped waikcd one

anolfe¥0,40Q6 fr%QL%lt%%éi(g}” ﬁ@@%@ﬂéﬁ“%m\}\?@&eé%d @li®eracted

rotary-sha are axial over | appe one anot her
pospiignr eWREredny SHEF: é’%oéﬂlmiaéngtrﬁtéﬁér asPéfitactte@ said

1ntEQ§1thLQ3eV\"tlQﬂﬂJ{y sghgf’@rtaxerr&lxﬂaqtl@r yosséwﬁizlip;a@d waitd one

late. rotar a are over

anobe? Biot nes 551 B Ll Sy T T Btigithy SRt cadfeg Late
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wit®Y ldaNd iQak holdersry shaft; and

a cylindrical guide axially movably mounted to said
machine body and adapted to axially movably hold and
rotationally secure said cylindrical holder;

said rotary cutting machine further comprising a feed
mechanism including:

a first pinion rotatably mounted to said machine body;

a first rack formed on an outer peripheral surface of said
cylindrical holder and extending parallel to said central axis
of rotation;

a second rack formed on an outer peripheral surface of
said cylindrical guide and extending parallel to said central
axis of rotation, said second rack being meshed with said first
pinion;

a third rack formed on said machine body and extending
parallel to said first rack; and
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said rotary cutting machine further conprising a feed
mechani smincluding: a first pinion rotatably nounted
woaosangiswachi ne body; a first rack formed onrPamJPDE013341
peripheral surface of said cylindrical holder and
extending parallel to said central axis of rotation;
a second rack fornmed on an outer peripheral surface of
said cylindrical guide and extending parallel to said
Cen&rgécoﬁ&Ip1ﬁﬁonotataoablyamduaeedndor@@deéy&}ndrlcal

gul§§|8n%a Esaal 'rgad ;R Qnan@.kﬂh&@ %@éksforned on
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salﬁoaﬂét@]tj Ithsaﬁ:@i éhEgtSatanISIalldnlmbenmSea’S@I@tmﬁﬂaft are
nto e .nopve 0, [
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said internediate rotary shaft are noved between said
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rotary cuttin i ne accor |n% to claimé6
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rotation of said arbor. 8. Arotary cutting machine
conprising: a nachine body including a rotatable arbor

8. havimng ot amoe riurtad i rax ims a¥f i nvep tempont sim ;ladapt ed to hol d

a rotal %ﬁé'ngya?gcldﬁaﬁgJQt§5¥a€HElén%ﬂUa¥ Kﬁﬁiﬁg a
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said arbor 1nclud1ng an inlet port for receiving the

cutting oil from said oil tank, an outlet port for directing

the cutting oil to the rotary cutting tool, and an oil line

axially extending from said inlet port to said outlet port,
said oil tank including:

a tank body configured to sealingly contain the cutting oil and

including an oil outlet communicated with said inlet port of

said arbor;

a float;

a flexible vent pipe mounted within said tank body and
having one end communicated with ambient atmosphere outside of
said oil tank and the other end, said float being connected to
said other end of said vent pipe so as to allow said other end
of said vent pipe to be located above the level of the cutting

oil within said tank body.

9. A rotary cutting machine according to claim 8, wherein
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said oil tank including: a tank body configured to
sealingly contain the cutting oil and including an
woi2boemoeiset conmuni cated with said inlet port 8ET/JIBENS013341

arbor; a float; a flexible vent pipe nounted within

said tank body and having one end comuni cated with

anbi ent at nosphere outside of said oil tank and the

ot her end, said float being connected to said other
saidntaok bady vienmopingelde & tsaial mawhsaied botheratersd given
Orlggtggignyent pi pe to be | ocated above the | evel of the

ting oil wthin said tank body. 9. Arotary
cuttlng machi ne according to claim8, wherein 16 WO
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saig FBREAPEAN 13 0mnal aE Ay maed A acH o SRR fyts of

rotekdim.9, wherein said tank body is angularly noved
about said central axis of rotation. 11. Arotary
cutting machine according to claim8, wherein said

11.ar bBr rebApyi estinoprashime 20EAFYiRGaF? PAME ) tderein

saigab¢pBRchicng Aedy.for rotation about said centra

axis of rotation and drivin onnect.ed to_a notor

an FrREQFEE-AtP D% aéfﬁa?‘gu’f\{%?ésib%ﬁadﬁ WGE&H&&B%& for
roth@iosaiatbqutoxdared cotaryl shais afnd ronwablos keidveniamgly
con%é%%g%e% p05|t|on wherein said proximl rotary shaft

and “sai |nPErned|ate rotary shaft are axially

oveahaﬁp’pie@rmwdhame’ot@rro’t dlea T by ed asalogtiiasg] yy shonected to

sai@X iAo 180! ﬁéf@céﬁg gBQébﬁbo%e 8 kB ended
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snck L 7 0 DL 1, 100 gl od LT 5L BEEX TRl oL, coc
posdaiidndi sthalreinrot ara;idshqfﬂmhma’ig tredtesgopi sted fity and said
int%%%%%yg%%tf%ég%g shaft are axially overlapped with one
another by a relatively long axial length, said intermediate
rotary shaft being rotated with said proximal rotary shaft;

a distal rotary shaft having a leading end, said distal
rotary shaft being telescopically connected to saild
intermediate rotary shaft and moved between an extended
position wherein said intermediate rotary shaft and said distal
rotary shaft are axially overlapped with one another by a
relatively short axial length and a retracted position wherein
said intermediate rotary shaft and said distal rotary shaft are
axially overlapped with one another by a relatively long axial
length, said distal rotary shaft being rotated with said
intermediate rotary shaft, said rotary cutting tool being
secured to said leading end of said distal rotary shaft;

acylindrical holder for rotatably supporting said distal
rotary shaft, said cylindrical holder being mounted to said
machine body so that said cylindrical holder is axially movable
with said distal rotary shaft; and
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internedi ate rotary shaft and noved between an
extended position wherein said internediate rotary
wehedetoogusd sai d distal rotary shaft are axi al PgT/JP2005/013341
over| apped with one another by a relatively short
axial length and a retracted position wherein said
internmedi ate rotary shaft and said distal rotary shaft
are axially overlapped with one another by a
r el at icyéliyndrdrg laxdgal de | exghmysaiodraﬂﬁlg/t ahoumtadyto said
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said distal rotary shaft and said intermediate rotary shaft are

moved between said respective extended and retracted positions.

12. A rotary cutting machine according to claim 11, wherein
saidmotor includes an output shaft, said output shaft extending

perpendicular to said central axis of rotation of said arbor.

13. A rotary cutting machine comprising:

a machine body including a rotatable arbor having a
central axis of rotation and adapted to hold a rotary cutting
tool, said rotary cutting tool being rotated with said arbor
about said central axis of rotation; and

an oil tank mounted to said machine body and adapted to
feed a cutting oil to the rotary cutting tool,

said arbor including an inlet port for receiving the

cutting oil from said oil tank, an outlet port for directing
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said distal rotary shaft and said internediate rotary
shaft are noved between said respective extended and
woebtemotsd positions. 12. Arotary cutting nmaeQrar2005/013341

according to claim11l, wherein said notor includes an

out put shaft, said output shaft extending

perpendi cular to said central axis of rotation of said

arbor. 13. Arotary cutting nmachine conprising: a
themachithegbody iteclhei ngptarnyotcattabng aoodr, lkad B il line
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atnosp tside o said ol tank and the other
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saidtstdon] jsratm]lricplrsparhteri or part being less in

vol wn 4 f3Bhine body including a housing for containing said
arbor, said housing including a cylindrical oil tank mount
extending outwardly from said housing and disposed in a coaxial
relation to said arbor, said oil tank mount having a through
cavity communicated with said inlet port of said arbor,
said oil tank including a joint secured to said oil tank
mount and having a split clamping ring disposed around said oil
tank mount and a fastener for securing said clamping ring to
said oil tank mount,
sald tank body having a bottomwall mounted to saidmachine
body and having a peripheral edge, a peripheral wall extending
from said peripheral edge of said bottom wall in a direction
away from said machine body, and a top wall attached to said
peripheral wall and spaced a predetermined distance from said
bottom wall, said oil outlet being disposed in said bottom wall
adjacent to part of said peripheral wall of the tank body where
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said second interior part, said machine body including
a housing for containing said arbor, said housing
wonadewwd9rsg a cylindrical oil tank nount exten#CmgP2005/013341
outwardly from said housing and di sposed in a coaxi al
relation to said arbor, said oil tank nmount having a
through cavity comunicated with said inlet port of
said arbor, said oil tank including a joint secured to
thesaidsoi intapkornpant andlhawind.a split clanping ring
di sposed around said oil tank nount and a fastener
for securing said cla ng ring to said oil tank
14. nouhtrotsaiyl quﬁdrma@n%a engcackdtnent def+2 Houht edurdher

comp@ii €1 ABCRI MEse body and rdriditRa @opgéhar@jiwtﬁﬁjlgenmﬁht when
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eri,p | + dy wher @ ankd mdnt .
hosgogg/%§%?84wgé$ P2005/ 1%%4%% the first interior part
is located. 14. A rotary cutting machi ne according to
claim 13, further conprising a hose fitting nounted
to said oil tank nount when said oil tank is not in
use, said hose fitting formng a cap fitted over said
oi | tank nount and including an outwardly extending
connecti ng pi pe adapted for connection with an

external oil hose so that an cutting oil is fed from
said oil hose to said through cavity of said oil tank
mount . 20
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