WD 2004/ 087357 PCT/ JP2004/ 000158 DESCRI PTI ON ROTARY CUTTI NG APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a rotary
cutting appae@ywsrss? More specifically, the present inveptEQmogh@disss to a
drill which, although conpact, is capable of feeding a cutting tool a
relatively long distance (or cufiy Drills may be used on a
variety of sites in connection vmﬁjtﬁgg%%fnl??lfwl di ng, shipbuilding, bridge
bui l di ng and so on and, therefore, it is desirable that they are conpact

and lightweight. It is generally conventional that a drill has a cutting
tool, a feed nechanism foryf [ ' a notor for
driving the «cutting tool, glﬁ%‘?@ﬁﬁh&ﬁ %ﬁneg%‘i{f&??fﬁnged. To neet the
above requirenents, a drill has been developed in which a notor is

positioned in such a manner that the output shaft thereof is normal to an
axi s al ong } I t ool hani sm are arranged. This
type of dn%%&?ﬁ%b«g‘z@ dﬁv@%#ﬁ{gﬁ%ﬁTIgﬁ\iomact size as conpared with
t he above-ne Loned conyentional ones. - wever, when those skilled in
the art try to*fakE®8eaF FIVeRbIRMacielathBr 018 FRRATY oBREHIEh APRFRALUS.
mechani for feeding.,a cutting tool is also required to be _shorter, and
nor e coﬁ‘ﬁ?ﬁ“rﬂ,s%ﬁ K5 Xulﬂéeiﬂr%se%hom‘é%ﬁoéhtlﬁ est toker SrEh mshigle

case w t&g{ he newl y devel oped ril] mentioned above, 1 WO 2004/ 087357

PCT/ JP2oti ool 9 m Bagkmks cep aple ¢ naNaseRbiiadignbp9l 4 reladigalvdpagt to

provide_a cutting apparatus which can feed a |onger distance even when the
cut ti ngdpimes (& rytbigpatroke).

Drills may be used on a variety of sites in connection with plaﬁt
building, shipbuilding, bridge building and so on and, therefore, it is
desirable that they are compact and lightweight.

It is generally conventional that a drill has a cutting tool, a feed
mechanism for feeding the cutting tool and a motor for driving the
cutting tool, all of which are linearly arranged.

To meet the above requirements, a drill has been developed in
which a motor is positioned in such a manner that the output shaft
thereof is normal to an axis along which a cutting tool and a feed
mechanism are arranged. This type of drill can achieve a low profile
or a compact size as compared with the above-mentioned conventional
ones. |

- However, when those skilled in the art try to make a drill
éompact, there is the problem that the mechanism for feeding a cutting
tool is also required to be shorter and more compact, which results in a

shortened cutting stroke. Such is the case with the newly developed

drill mentioned above,



According to the present invention, there is provided a rotary cutting
apparatus conprising: a body; a notor nounted on the body; a rotary shaft

assenbl y Ivaybdagosmsexi s and adapted to hold a cutting tpeelpRepsdosds W th
the axis; and, a feed nmechanismfor noving the cutting tool held by the

rot ar sh VERSE | the rotary shaft assenbly.  The
r ot arg sha tﬂasse;%?yégwgstgi@m@&ml rotary shaft concentric with
the axis ofy the s.otary., shaft .ass | y and, nounted on the body for .,rotation
about the A4S EREN i R Oblfﬁf‘iﬁ@ Braviice %Ptfcangﬁmatyag%%ﬁ%% the

; i i aft. t aft telescopj.ca connected to the
o o a3 b QP B AL RS R, TR T SEF VA PP Aherd Smas MR y

,ext d position and a retracted positiaon, the

?2? feﬁ rrggit a vl ""B ﬁx @g}el? Ig’éﬁsf?dltr g’%‘é‘?‘&ﬁl@at@@@f%@ R%Ot"ﬁdﬁﬂea PO4RE Nl
rotary shaft; a distal rotary shaft telescopically connected to the
i nt er et EYE S BPRAYALHAFSOPHTAXINE v nove rel ative to the intermediate
rotary shaft be en an extended position and a retracted position, the
distal rotary asﬁ? Y:being rotatable together with the intermediate rotary
shaft; and, a cylindrical housi n% rotatably holding the distal rotary shaft
and bei ng novaeoigompyuntedoinsthe hodyrotary shaft assembly together 2
WD 2004/ 087357 PC'ﬁI'/ JPZQJg;%gOOng%]\é\%m t.Ee glﬂst al_s_r;ég_r ydzhzfé.t Tgled}‘dged
mechani sm has & T@t2 ¥ BS&n Wikngt agybi i zahphedsin a
nmovable in parallel with the axis above to bring the rotary shaft assenbly
to an esténvgdtegds¢eaxialwwétleithe hais; and,

a feed mechanism for moving the cutting tool held by the rotary

shaft assembly along the axis of the rotary shaft assembly.
The rotary shaft assembly comprises:

a proximal rotary shaft concentric with the axis of the rotary
shaft assembly and mounted on the body for rotation about the axis, the
pfoximal rotary shaft being drivingly connected to the motor;

an intermediate rotary shaft telescopically connected to the
proximal rotary shaft ‘to axially move relative to the proximal rotary
shaft between an extended position and a retracted position, the
intermediate rotary shaft being rotatable together with the proximal
rotary shaft;

a distal rotary shaft telescopically connected to the
intermediate rotary shaft to axially move relative to the intermediate

'_ rotary shaft between an extended position and a retracted position, the
distal rotaILy shaft being rotatable together with the intermediate
rotary shaft; and,

a cylindrical housing rotatably holding the distal rotéry shaft

and being movable along the axis of the rotary shaft assembly together
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I nternmedi ate and distal rotary shafts are in the extended positions
thereof and to a retracted position wherein the internedi ate and di stal
rotary sha¥® s00angs35h the retracted positions thereof. TheTtieloesaomssc _
structure of the rotary shaft assenbly of this cutting apparatus nakes it

possi bl gif®rha gtgttdlngog shgsgttain a long cutting stroke even when the
rotary shaft assenbly i1s short or of a conpact size when in the retracted

t th b r Y. C t
Conpact si zo. T Fholronqboth kR U Vo THEN S SuldipBEE, ﬁgl_gg%eﬂf 5 Bhefe
i nd . endi ng.,in _p
C'ytlhntL‘lJ agﬁgPo I?ﬁug?% 2?%33 ?bf ssg%ﬁillgﬁﬁj §L aFﬁE%&PWf'@hgiéPgly
| at secure ted on. the an avi ng
R Tpeddt s X%ﬁatfﬁn%es%émdhf F%u DTt cpoqaagarpb%f wiietey thes d
d .t h osi tj.one et angd.engage
wen it ERRERRG ey SREHIEY 1 i A ot Ot e el m&p@ Erack
h ossibl e for the first or. vabl e rac to no tive
(o’ tho. OIRER Fpd dobf; tiaAsted e sFion grheping edaﬂ'st?za i84e 2% <§,1
rotation of t%ﬁ ﬁﬁnlon asgﬁ qgﬁred 1th a . S|ngL ck mechani sm where a
pi ni on J4aTE Sk e Syape v G rﬁ" é’toiséb ﬁée dfa rr:t)vabl e rac_l|<_h| s
d th n and is  advan y rotati n of the p|n|on e
doubl o t\rMack h‘gerl%grppéc vﬁ#}@é&#és?&%@@q R0 MY I60 286 o Heke 1, RS
possi bl e for the first or vabl e track to be short to thereby contribute
to a sHOH{ZRERPBATakEs Bedkasyithpeapthlesformgecnbtiary teal tongt Aalergnay
conprise an electrically nmagnetic base which supports the body in such a

manner QHANEntroks @r‘Sﬁ% h‘ﬁhlena§bénm§ﬁm§ shafibresemdypisanshensr wal ofoat he

axis of the ] .. .
compact size when in the retracted position, thereby enabling the

rotary cutting apparatus to also be of a compact size.

The feed mechanism may comprise:

a first rack mounted on the cylindrical housing and having a
column of teeth extending in parallel with the axis of the rotary shaft
assembly and facing radially outwardly relative to the axis;

a second rack securely mounted on the body and having a
column of teeth extending in parallel with the column of teeth with a

space interposed therebetween; and,
| a pinion positioned between and engaged with the columns of
teeth of the first and second racks.

This double track mechaﬁism makes it possible for the first or.
movable rack to move relative to the second or stationary rack through
a long distance for every rotation of the pinion as compared with a
single track mechanism where a pinion is rotatably provided on a

~stationary side and a movable rack is engaged with the pinion and is

advanced by rotation of the pinion. The double track mechanism



rotary shaft assenbly. The magnetic base nmagnetically adheres thereto a
wor kpi ece which is subjected to cutting operation and the body is

t her eaf t ew@reaads13s7 bring the tip end of the cutting toettipeas/ogoissper
position on the workpiece. The pivot mechanismfacilitates the bringing of

the tipmeattesfitt pessiblbt fd10theotirse 0d ﬂro%gﬂﬂep&%&k 10 B oW f&gﬁ%ﬁﬁw ch

IS subjected to cutting operation. According to anothér aspec

present comteiBhNto ld8herteniREs QF des ’ I,J\g apparatus in which a
rotary shaft assenbly hgviﬁéj %uch a ngﬁﬁ%p?*é’%%tﬁure as stated above

is itself | | - aXi ft . nbl iR t h
movensnt of the’ ey shaiiih sfbatdfud PR BRALBE S Hecti e R )
Shatt "acagbbid Bad W hilh XAGHEEL heC Hodl ik, R0 LRaTher theHRY

I t, [ t | b h . A dj t
ﬁf? ner “aLBEL <% F@gﬁpﬁggﬂ@g&fﬁ%‘ féoﬁin?j??e%%hﬁ 510%?%@332?1% a}%%%;?t%e .
cuttin a n 0 rovided, wi th such a rotary s
ajssenb%ag%p%eé}ci?%eag\g%%&e@and%ﬁe?n%glé?@ﬁt sb%%hnﬁ%gnﬁg]r%tléf égi'@é‘leét ed
it recti SaeRef ONke {RE"Thtoth Aoy Rubiesiten tOnaRE e csTA Lo Roard. the

f ' d tti hi f eat |

educesP Y B THETRRRG Hav o U b be e, BT Biboob sheoouttitatenl to a
DESCRI PT] ON_ OF THJCE DRAW NGS Ot her . obj ects and advant ages of the present
i nvent i BnCRFT IPA5AL10TL 0 Re ppFERIef%ed by reference to the fol | owi ng

detail ed desc‘,ﬁ'\gt i.on, of ref.errﬁd ignbodi ments when considered in
connecti on witnetHEOtREGRBRIPaU TR HIaigs Whropeingieg of the simend of the

cross-sect i.onaL SII ge el evation view of a rotary cutting
cutting tool to a proper position on a workpiece which is subjected to

cutting operation.

According to another aspect of the present invention, there is
provided a rotary cutting apparatus in which a rotary shaft assembly
having such a telescopic structure as stated above is itself movable
along the axis of the rotary shaft assembly. Since the movement of the
rotary shaft along the axis of the rotary shafit assembly takes part of
the cutting stroke of the rotary shaft assembly, the rotary shaft
assembly and/or the feed mechanism can be shortened and, as a result,
the rotary cutting apparatus can also be shortened.

According to a further aspect of the present invention, there is
provided a rotary cutting apparatus in which a body provided with such
a rotary shaft assembly as described above énd other elements such as
a motor associated with the rotary shaft assembly is movable relative

‘to a base in a direction parallel to the axis of the rotary shaft assembly.
As in the case of the abovementioned rotary cutting apparatus, this

feature also reduces the size thereof.



apparatus in accordance with a first enbodi nent of the present invention;
Fig. 2 is a cross-sectional side elevation view of a rotary shaft assenbly

enpl oyed wo tdee/ososary cutting apparatus of Fig. 1; Fi gpc@apioss/euosigde
el evation view of a rotary cutting apparatus in accordance with a second

erbodi ment of BRIGIPIFRSRI LI oD R TIPR HEwaNRY h | 5 shown as a

cross-section view, the rotary slﬁg?tﬁa asse e apparatus being in a
otary shatt CSaSE ob e BrE ARvl B oot ofdsbne” FaVRRUGE Tl e
'’ accor el sp I LR AT AR AbR B B B bR AR BB
he appiy S B sah REh PREs SSThAR) W FPiRE of Sebadle el et | sfe o

Fig. 4aa§%ﬁ§’§%%iteﬁeg{~é’%5 ig;@%%trreégssenbl y of the rotary cutting apparatus

I n an ext posi t1on; a side elevation view of a drill sinilar
to that of Filgi' Cross ,section

. ti f which.is shown as .a partial
Wew Fig edigss 8 aRS0ni ol il Sl elivAdioR sugah e ToKBHY GHVRE
drill t e employed_ i,n the drj.ll of,.Fig. 5, the nmechapismbeing in a
ngh-fas%)%ﬁ?ﬁggﬁ%dg,g zi%cﬁ’,orléa\ﬂﬁezo‘ﬁhﬁle%@FﬁI g:l‘?@@@’éﬁ?%@l% Iff]i‘%. P%'B%Péta
Vi ew s:_:@‘j r..to.Fig. 6a showi ng the nmechanismin a fastening node.

DETAI L PTI ON OF THE PREFERRED EMBCDI MENTS Wth reference to Figs.

1 and 2, a rqfary,cutting apparatus or, drill in accordance with a first
enbodi nent of%tltghezdﬁege ofypentiodinl sidedavagier raieny oft a1votamie séafitl 10

has a be{)sdglen%ﬁlspre%]ig) g)(rjeg.\liitnhtﬁe rotary cutting apparatus of Fig. 1;
¥ig. 8a is a side elevation view of a rotary cuiting apparatus in
accordance with a second embodiment of the present invention a
portion of which is shown as a cross-section view, the rotary shaft
assembly of the apparatus being in a retracted position;
Fig. 8b is a view similar to Fig. 8a showing that the rotary shaft
‘assembly of the rotary cutting apparatus is in an extended position;
Fig. 4a is a side elevation view of a rotary cutting apparatus in
accordance with a third embodiment of the present invention a portion
of which is shown as a cross-section view, the rotary shaft assembly of
- the apparatus being in a retracted position;
Fig. 4b is a view similar to Fig. 4a showing the rotary shaft
assembly of the rotary cuttiné apparatus in an extended position;
Fig. 5 is a side elevation view of a drill similar to that of Fig. 1, a
portion of which is shown as a partial cross section view;
Fig. 6a is a plan view of a mechanism for fastening a body of the
~drill to a base employed in the drill of Fig. 5, the mechanism being in a

non-fastening mode; and,



notor 12, a rotary shaft assenbly 18 drivingly connected to an out put
shaft 12a of the notor 12 through a bevel gear 17a, a planetary gear speed

reducer 1% 2madsBbat gears 17c, 17d, 17e, and a feed npghapiosdfnoozsg f or
noving a cutting tool t (i.e., in the illustrated enbodi nent, an annul ar

(i.e
or cylindricap; 110, t | - Cit cul.ar - [ | .an_axi s
of the rotar ;Flsgﬁ:ﬁ% lgs%e‘?r](t%v;rg?ﬁﬂggat& g?ﬁ 1 &asﬁ%&ﬁﬁﬁﬁsgﬁé.@c%grﬁgt@rg
shaf t l: onprises a proximal rotary shaft 22 rotatably supported
by the %oﬁ{%ﬁ%ﬁl‘?‘g € rotatable about the axis of the rotary shaft assenbly

and provided with the flat gear 17e, an internediate rotary shaft 24
tel escopically connected to the proximal rotary shaft 22, a distal rotary

2 hol i ng. ey RASSE o "ERERTEHIS, g HE-ai SERE? o nPyERER R
w tn R AR OO0 1 (%26, The proximal rtary shait 22 has o

B ong the axiRith WERe™BBe: HAITIEN of et & TRETY i Chiiad APO WO Ofhaf
Cher co Uil &h SFastieF Tk Skt b pHREETARE the ubes gkt REPIF Ay

' haft .24 axiagl npvabl e r,&:l tive to the
Pt

shaft. The internediate rqtar [
pr oxi nel Q%Pagﬁn%ﬁhﬁ’ p22 t&%‘ gl xilgngéé poBprayod 4 Previded wigh 2)

and a retracted position (Ehown in Fi gi 1), . The distal rotary shaft 26 is
cyl i ndriPOEPY dy ad0tary shalt apsgmbly l8cdriringly compected ffacan enbpud
whi ch slidiablé rr&ée with a plurality of splines forned on the outer
sur f acShATH heai ok dhgemedior Ad: thyosghra havelrgeardiZaala mdeaefaghagears
axially novable relative to the internediate rotary shaft between an
ext endeP sk redggershobn andftlat geprankia 1'8dyr ddeeapdsa tfeed noehanismrg.
1) . Thehaol ding . .
20 for moving a cutting tool £ (i.e., in the illustrated embodiment, an
annular or cylindrieal cutting tool having a ecircular cross-section)
along an axis of the rotary shaft assembly 18.
As clearly shown in Fig. 2, the rotary shaft assembly 18
comprises a proximal rotary shafi 22 rotatably supported by the body
14 to be rotatable about the axis 6f the rotary shaft assembly and
provided with the flat gear 17e, an intermediate rotary shaft 24
| telescopically connected to the proximal rotary shaft 22, a distal rotary
shaft 26 telescopically connected to the intermediate rotary shaft 24,
and a holding cylinder 28 for rotatably holding the distal rotary shaft
26 therein and movable along the axis of the rotary shaft assembly
.together with the distal rotary shaft 26. The proximal rotary shaft 22
has a plurality of splines formed on the outer surface thereof and
extending along the axis of the proximal rotary shaft. The

intermediate rotary shaft 24 is cylindrical and has a plurality of splines

on the inner surface thereof which slidingly mate with the splines of

6



cylijhder 28 is supported by a guide cylinder 29 securely connected to the
body: 14 in such a manner that the holding cylinder 28 is prevented from
being rotated about the axis thereof but is pernmtted to nove along the
axis. In Figs. 1 and 2, reference nuneral 3 0 donates needl e bearings
posi ti oned between the distal rotary shaft 26 and the hol ding cylinder 28,
and reference nunerals 26a, 26b denotes rocking balls for |ocking the
cutting tool t to the distal rotary shaft 26 and a sleeve for operating

t he | ocki ectively ni sm.20_conpr.is a

| i near Q%D%a%rxac ajBfo%faD ht"’leﬁjtt heﬁ%%tlnecesrurﬁ%cagt o AREY hggpf gE%yl i nder
28 and eba extlialgly mqaatald e:reltactltvree taxitheofortche medt aoyashyabhadssadbly, a
linear stadi,Qnaf ynyr %ﬁkeﬁ&eé%&f&&? (& 8wﬁ oy F“fg' 9) pé‘ﬂ&"al %trﬁetéﬁe
novabl e rack 31 wth a space | nterpose ereb meen pinion 34
posi t i ondPPet@Ben( I ntagBHI wi £ tfﬁh@nﬂ&ﬁﬁ%ﬂ EQHEEYaﬁh@ﬁEr%6ra§ks 31

and 32. Igy1tiheirddil aﬂ@ﬂ@déE@Hl@@@WEtyEﬁﬁsﬁQiﬁég<ﬁh€ﬁe:ﬁﬁﬁﬁﬂ@h%faég isina

retracte 0sit a 0 1 when _the drill in a_non-cutting
oper at 1 orF BB g AR PO ot P bR Mt G g AAeBgIt Y, OF & 5PYMER ven by
t he nntonnﬂzhehOGUQh iﬁﬁfd@éaﬁythéhﬁﬁtefm6@ﬂ®taJiﬂxﬂ@dshifﬂ[22004h687357

PCT/ JP20 /QkQ}Sgo Iéﬁg@@u gy ghe n|on %_ i S £8ia£§9e & in
counter-c W se t|on as i et ffb éver (ot ﬁomm)
provi ded mtaxmede-meoroaaryma‘éﬂ: k@ltanfetemﬁnt @et@m@ee@rp@itammahﬁgnout si de

the body sife; dg‘rhg) oBicfi B 34ct Sabues cad LRaggthe staldaaaanpack 32

downwar ds an turn, the novabl e rac I's nmoved downwar ds X
r ot gtl ng ARG 3248 EF g SUPPORERS thie @oﬂ&ﬂ@esﬁ“é‘zfltméjses‘%n%? ySegurgivhe

ext ended d@@ﬁﬂetdt@&l tovbRE @lodyt heipisiicer Bénh s ROSictdHIes] @ind B¢1 BpAEE MDST
posi tion %f ;Lh prevented from being rotated about the axis thereof but
is permitted to move along the axis. InFigs. 1 and 2, reference
numeral 30 donates needle bearings positionedbetween the distal
rotary shaft 26 and the holding cylinder 28, and reference
numerals 26a, 26b denotes rocking balls for locking the cutting
tool £ to the distal rotary shaft 26 and a sleeve for operating

the locking ball 26a, respectively.

The feed mechanism 20 comprises a linear movable rack 31
fixed to the outer surface of the holding cylinder 28 and
extending in parallel to the axis of the rotary shaft assembly,
-a linear stationary rack 32 secured to the body 14 in parallel
to the movable rack 31 with a space interposed therebetween,
and a pinion 34 positioned between and engaged with the movable

 and stationary racks 31 and 32.

_ In the drill described above, the rotary shaft assembly
18 is in a retracted position as shown in Fig. 1 when the drill
- is in anon~cutting operation. During an operation, the cutting

tool t is rotatably driven by the motor 12 through the rotary

shaft assembly 18 and, |



novabl e rack 31 (al though not shown, at the | owernost position of the
stationary rack 32), and the internediate rotary shaft 24 and the distal

rotary shsfd 206 0sms7 i n the extended positions thereof, pbﬁmmt;mg@gst ool t
being, as a result, brought to the | owest position thereof. In Fig. 2, a

bosi L1 g PP B PYELT EREhinIafdd ek RPERIY 0RO oS RARR A fpcpion
Fro. 2 0 ot d o IR ' 8 el TRV AN ViR B hRe BRI €
whor ooy 2Rl efinfB O 48, Walin A BAt B AEnE hmbgiad g, Vo VER S Ra
por it WP AhCCEF el i oS R i St Bety ek AR YA B yAnd,

ot ary ‘Shstfnobie RRetBlsdack { doREvad IoREaete bY G rabelerinienor
manet Hrot TofouhfRBHGY R FOTAEY g RESCBALE LA Rddisct R Eat 9 Lo
Shaf { EBGRBTY P (jmiana P 11 oSt Bffuteit i Ph| upBepu Sy 904 HHOR T FBS botly
ol ane. MBPNAPIE o dle 3 15 WUsHB00R tiotashoPar) 3PSbOATUONBE RS ORI Fatary
e SRR Sl S e SR Akl 0 R A1
S LSS e e S 0%
shaft _assenbly 18 can he noved on the base 41 and, then, fixed on the

base. = Pgda& rata rgsulloraughhiterthodpmesspesisianthesendr 141 Riexdd an

the upper surface of the base 41 by a fastening bolt 141-1, a rectangular
workpiece to be subjected to cutting operalion has not been set or

positioned relative to the rotary shaft assembly 18 and, accordingly, a
center pin ¢ of the cutting tool is maintained in the position shown in
Fig. 2 without being shifted upwards from the shown position.
Otherwise, thelcenter pin ¢ is moved up by a workpiece set for cutting
operation, whereby a shank-type valve 86 is moved up and away from a
valve seat 38 formed on the inner surface of the distal rotary shaft 26 to
‘thereby permit lubricant supplied from lubricant source (not shown)
fluidly connected to the top end of a lubricant passage 40 formed in the
proximal rotary shaft 22 to be supplied to the cutting tool t.

On the underside of the body, there is provided a magnetic base
41 containing an electrical magnet (not shown) therein. The magnetic
.base 41 magnetically adheres a workpiece thereto to set or position the
W_orkpiece relative to the rotary shaft assembly 18 for a drilling
operation. It is preferable that the body 14 with the rotary shaft

-assembly is movable relative to the base 41 on a plane normal to the
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frame 114, which is generally rectangular as viewed in Fig. 6a and which
I s positioned between the body 14 and the base 41 and fixedly connected on

t he | ower wolsdoansrsdA- 1 of the body 14, and a fasteni ng pg®iiPRb4ddhésshavi ng a
general ly U—shape as viewed in Fig. 6a constituted of a pair of |egs

124 2 1535 OLERC A R R ef RS E R i%é*%b%%%‘ﬁlé‘fﬁ%ﬂx@%i%%&ﬂ g8 to8l and
rect anghita Do sPRtilP PAILREL rol SRR sh BREk3 et intiPr e Baste ot
gener al T FENAEEAA %@ﬁggt'lf’%mr’kéﬁl%chi.LZrEZ?aﬁ o SurFaces 146-1, '242 2
e oo IR, FEBhng B LRaRSE ALY o TS S5 S MAESIERLE L
Tag. r chfubte, & yRothiaisBl: %‘zhal,a%le&%“hih%ﬁi%éx .et%ﬁﬁhﬁaﬁpzaﬁﬁaﬁk’r; bl e
bar al | eros CaPPECHS S5 e BoRpib oo Vend s dd pode P mabizeh B Hhe dhese.
corresp ndlﬁ?‘f ter.surfaces 144-5, 144-6 of the fastener nenber _144.  The

nmechani Y EBfptieshanism, coBHP Fi§ eoR tDiVe% Bmawmher o 4aifixed oppthe

2004/ 087357 PCT/ PZOO? %{?0%13@ acrew thread 148-1 fornmed thereon which is
t hr eadahPPHee ewPt Rafd BEra ar%penlmbel& ddded. threeyRnEW agi de

wal | of the outer rectangul ar portion 114-1. In Fig. 6a, |legs 144-2 and
144-3 dramme 114srehichy itegsaeradly sacsnnaagans veewedt hneKis. daeandand
in this _case, the arched_center portion 144-4 IooseIAg/ fits around the
pi vot WBabRris1pesiiienechbeimaen thet badngldeabdr thasbase rél andl &xaddyt
the pivot menber 141, whereby the rectangular frane 114 fixedly connected
to the @ewected on dhat Aowerabuntacend dilvof eertlerdy 414 ancd horfastanihky
novabl e on the base 41. By rotating the fastening screw
member 144 having a generally U-shape as viewed in Fig. 6a
constituted of a pair of legs 144-2, 144-3 and an arched center portion
144-4 connecting legs 144-2,144-3 and surrounding the pivot member
141. As shown in Figs. 6a and 6b, the frame 114 has an outer
rectangular portion 114-1 and an inner rectangular portion 114-2. As
shown in Fig. 6a, on the inner surface of the inner rectangular portion
114-2 is formed a guide portion 146 in a generally U-shape having a
pair of inside parallel surfaces 146-1, 146-2 and the fastening member
144 is positioned inside the guide portion 146 with the outer surfaces
144-5, 144-6 of the legs 144:2, 144-3 slidably engaged with the inside
parallel surfaces 146-1, 146-2 of the guide member 146, respectively.
The rectangular frame 114 is thus horizontally movable relative to the
fastening member 144 in such a manner that the inside parallel
surfaces 146-1, 146-2 of the guide portion 146 slide on the

corresponding outer surfaces 144-5, 144-6 of the fastener member 144.

The mechanism further comprises a fastening bolt 148 having a male



bolt 148 by a handl e 150 connected to the outer end of the bolt 148, the
fastening bolt 148 can be advanced with the tip end of the fastening bolt

148 kept wo sogegssrent with the | eg 144-3 of the fastenpogirseaamnisslisd,
finally bringing the fastening nenber 144 into a condition as shown in

cach ot ey Trepteatl 1MeC Sancd reri MR A PR GASMRYY ofilpagtel,
vt nermare 1Ay RolB 1Ra B RNl Mnb 08 whlF LB E R A Re e
TR R e BT . AT SRR S e
por pendt Reaing HERRE-SRR skPERE o, i oL Rt BCear) oA0eH, uth Bh e
the uppet S Qur Paca g SR BEPEE LT e RRRETy Bt ano e AR diveti,
o 111 g dibie TAERREILT, TRATEa Phi e OB bRTisa tatadleatb okt the
can be BT ot RbodachTnareat 8 T obve ARE Sl e it Rus 1 1 H58lBad
anot hercERBetiRERe GO Beapadinrotabehic ahout oo MaRPoE: L4, aRfe
nvent | BRERRI I erahines he Tahdika By ARG Cher BRBaREITRAY. A
conpr| SATTRS G AohingiarlSUsatinonset Bhodaten onbiof Yhe bl BSbhen i s
Lhary ! Seeteabng BBt T%s CAN'D% hdVanzed with the tip end of the Tastoning’
bolt 148 kept in engagement with the leg 144-3 of the fastening member
144, finally bringing the fastening member 144 into a condition as
shown in Fig. 6b under which the legs 144-2 and 144-3 are forcibly
engaged with each other and are firmly clamped between the tip end of
the fastening bolt 148 and one side wall of the guide portion 146 to
thereby clamp the pivot member 141 by means of the fastening member
144 and be fixed to the rectangular frame 114. Thus, the body 14 is
fastened to the base 41.
In the embodiment, the motor 12 is fixedly mounted on the body
14 in such a manner that the output shaft thereof is positioned
horizontally or perpendicularly to the axis of the rotary shaft assembly
and a handle 42 is positioned above the motor and securely connected to
fhe body 14. On the upper surface of the handle are provided a switch
44 of the motor 12, a switch 46 of the electric. magnet of the magnet base
| 41, and a light emitting diode (LED) 48 for indicating a status of load

- imposed on the drill. Instead of the single light emitting diode, a
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wi t hout interposing any internediate rotary shaft between the proxinmal and
distal rotary shafts 22 and 26. Further, a spur gear 17d of a gear train
drivingly connecting an output shaft 12a of a notor 12 and the proxi nal
rotary shaft 22 has a longer axial length and the rotary shaft assenbly 18
is novable as a whole along the axis thereof relative to a body 14 so that
a spur gear 17e fixed to the proximal rotary shaft 22 and engaged wth
the spur gear 17d can be kept in engagenent with the spur gear 17d as the

rotary S'Bﬂlf?ff@f'%h} ggﬂg@ S;{rec}xﬁitde té%acﬁa:fr%ci’loc%: Jh%r Prbi during an

oper at i on, e proxim g rotary
shaft assla‘?lﬂysqfst%e Al v 1 deabts tredtuat, e@nchsap OOt | ng operatl on in which

the rotary shaft, assenbly 18 is noved up and down. Figs. 4a and 4b
illustrate a dhi%9s r%aa@@ér éQnéél\AﬁFﬁaﬁeSt%lCﬁlﬁlje]nﬁédlaﬁ?émrd@ﬂ%@’lﬁbesent

i nvegltl orandﬁcmxzt emualgﬂa@@teoffeae&w dsdhe ﬂﬁvéﬂéﬁi@?t haihn atg@ﬂ%'l &4 Ib Sd
nmovabl e u own atj ve.to, a magnet e n the  dri a body
support(ﬁ%ﬁ lﬁF%V|g§8 6ﬁnﬁﬂe b%sgegﬁréggﬁ' © { Ae™Body 1#1¢ off ifS¥ement in
a vertic&mmmdxmﬂntwobrthe opeaadt thowantdioect and ahkeacibabhepamyer ack 11

WO 2004/Q§;§§;(fgﬁ;gﬁﬁgg%#%gg%§%ﬁ%%ae ﬂaﬁ%%fflxed to the body support.

Thus, in operati S’ fotated to nove al ong the stationary

rack 32, Where%YdEB%lhBE%}iab%aEéa@éé@’@ Béh%8d'r§1§><£§ %r rB&F%ﬁ:&aCt ed

and the rotary shaft assenb Is It nove
i nvent i oA @@é@ﬂ@?@%ﬁ%éampﬁlaﬁm mwwwl/ermmrshaaﬁd 22 endsat o be

under st ot gadt tBeatgr HHAEOgYs t %tlchaslsbe% L@e@euéscbﬁiengﬁﬁlﬁét the

pur Pose Of d (;c“ r;[ Iroe %rhdoﬂs 1%Otwft% t%ele ”p?é‘%lr‘[{"ak' rotary sgaft 22,
without interposing any intermediate rotary shaft between the
proximal and distal rotary shafts 22 and 26. Further, a spur
gear 17d of a gear train drivingly connecting an output shaft
l2a of a motor 12 and the proximal rotary shaft 22 has a longer
axial length and the rotary shaft assembly 18 is movable as a
whole along the axis thereof relative to a body 14 so that a
spur gear 17e fixed to the proximal rotary shaft 22 and engaged
with the spur gear 17d can be kept in engagement'with the spur
gear 17d as the rotary shaft assembly is moved relative to the
body. Therefore, during an operation, the proximal and distal
rotary shafts 22 and 26 of the rotary shaft assembly 18 are always
kept rotated in a cutting operation in which the rotary shaft
assembly 18 is moved up and down. |

Figs. 4a and 4b illustrate a drill in accordance with a
third embodiment of the present invention. '

A distinguishable feature of the drill is that a. bedy 14
is movable up and down relative to a magnetic base 41. In the
drill, a body support(BS}) is provided on the base to support
the body 14 for movement in a vertical direction or an up and

downn direction and a stationary rack

11



Obvi ously, many nodifications and variations of the present invention are
possible in light of the above teachings. It is, therefore, to be

under st ooav® batyesvsshi n t he scope of the appended cl ai nspcithero0i/0033t | on may
be practiced in a manner other than that specifically described. 12 CLAI M5

o coy 1 2% SI4 CROAL UDACLUEBOLD: TIGIPBISG 1906, DAY SR Be.
s | iRt oR UMY Sfle0d 18kl WalfoRhrRRtil o WhPAIBL fhe MMibiy>! @

magneti c base, said notor g an outpu ofiz

ot at; onar P e aRE 4 35 sRRFBURH, U SRatrRRE S Rl PR S
end of gg%glgg)g&pfé %h@éé}({ gﬁ)‘g/u _lfﬂﬁ\égllﬁdgears, a second rotational shaft

posi ti one e an Of*vingly connected to said first
rotational s L hrough a l.anet redugt.i on r and.a spur_gear
connect ed tohgggdﬁ'pveernutqgﬁdhag }%%?’ﬂaieé&gﬁge&dﬁ’a?%ﬁi}m&%%@ ar‘b’?%ﬁ’ya’é‘ﬂaft
assenbl y. arranged in parallel wth, sai ear.traip a noupt ed on .

ot or ol Hs e EOPRE pb i afon s Bt o tREa o RiRe1ses sl chiBhPefns iy b dar
train is nmount sajd rotar S t assenbly drivingly, connected to said
Gear 't THUPRARE TosnEhe, BB oRe cBheattbRbI ARG Mt P FS DS ot FAGERTend
thereofl,. aid rotary shaft assenbly conprising; a proxinmal rotary shaft
that is 'HOUAEEd on said body for rotation about a vertical axis and has a

spur gear secuyred thereto and drivjngly connected to. said spur gear of
sgi d gear tré:)J ViQUehYst A2 PPt &%‘i’/‘i]sfjﬁ‘é%l%tn@atan variations of Ghe %resent

invention are possible in light of the above teachings. It is, therefore,

to be understood that within the scope of the appended claims, the
invention may be practiced in a manner other than that specifically

described.
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is connected coaxially and telescopically to said proximal rotary shaft
for axial novement between them but for no relative rotation therebetween,
whereby said distal rotary shaft rotates together with said proxinal
rotary shaft; and, a cylindrical housing that rotatably houses said distal
rotary shaft for no relative axial novenment between said cylindrical
housi ng and saiddistal rotary shaft such that said cylindrical housing
noves axially together with said distal rotary shaft; and, a feed
mechani sm provi ded between sai d rotanyrm$aft assenbly and said body for
noving said cutting tool along said 13 vertical axis, said feed nechani sm
conprising; a first rack that 1is fixedly nounted on said cylindrical
housi ng and hasla coPumetagl peéthnaraapgedtuﬁcﬂ@mﬁkdﬁﬁ@gis a second rack

that is fixedly RHAEY QRssALG ggyaﬁnglg@§r§c§plﬂg8ngg teeth arranged

along said axis op 05|te tog saild teeth of said first rack: and, a pi ni on
that is positi Gh&Pdvh BHGEGERSNT Wit adavdUPERER 6F CBofR1SalMaInetist and

second r asksSe; sai d p|n|on belng axially novable relative to each of said
first and second racks, whereb tation af sa i nj on causes | ative
oxd i movensnt > BRFABERIhaR D54, TaRarhiat a5 aF GShRORY BRI PALEE v

axi al nnm'striemﬂxétmwmtsm has e osebddnsadd oyvimgragabut@ut Ashetary
cutting ; It I rther conprising an
|nterned|a¥e rcﬁ%g ﬁ?%b %%1?'l%t%c%nnec% égéoaX|ally and tel escopically
to said proxina gﬁ@ratlyalmﬁ@mtﬁ@r omxgald hodenend dammeeinhenthbustf or no

relative rdQiatdn E‘.HEEEb&EH@r?dhnd“@%&%Q)ﬁaiﬁydaﬁ@Td%ﬁ%@ig%ﬁc&ﬂhé&}feahaft
rotates together with_said proximal rotar wheréin said distal

rotary sHaf ? dis tadpnit pE g QBRI FHRF el rroagéwe‘é ggars, asecond

rotational shaft positioned above and coaxially with and
drivingly connected to said first rotational shaft through a
planetary reduction gear and a spur gear connected to an upper
end of said second rotatilonal shafi;

a rotary shaft assembly arranged in parallel with said
gear train and mounted on a lateral side of said body opposite
saldlateral sideonwhich saidgear train ismounted, saidrotary
shaft assembly drivingly connected to said gear train and
configuredtocoaxiallyholda cutting tool at a lower end thereof,
said rotary shaft assembly comprising; a proximal rotary shaft
that is mounted on said body for rotation about a vertical axis
and has a spur gear secured thereto and drivingly connected to
said spur gear of said gear train; a distal rotary shaft that
is connected coaxially and telescopically to said proximal
rotary shaft for axial movement between them but for no relative
rotation therebetween, whereby said distal rotary shaft rotates

- together with said proximal rotary shaft; and, a cylindrical
_housing that rotatably houses said distal rotary shaft for no
relative axial movement between said cylindrical housing and
saiddistal rotary shaft such that saidcylindrical housingmoves
axially together with said distal rotary shaft;
and,

a feed mechanism provided between said rotary shaft

| assembly and said body for moving said cutting tool along said
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through said internediate rotary shaft in such a manner that said distal
rotary shaft is connected coaxially and telescopically to said
intermedi ate rotary shaft for axial novenent between them but for no
relative rotation therebetween, whereby said distal rotary shaft rotates
together wth said internmediate rotary shaft and said proximal rotary
shaft. 3. Arotary cutting apparatus as set forth in claim 1 or 2 further
conprising a handl e nmounted on an upper end of said body in parallel with
sai d not oversacal mxt'Ler mm@eéﬂmm&dnmmﬁagdahﬁn@termmmatd
magneti c a5V, | [ S | 3
wher ei n 52? dgpl %(nhgéigo Qﬁﬁl% g@&ifﬁéznﬁiﬂgs |ng apparatus
as set fopf rtaetthaanyr@med eflogigad el axt e ; 3 whepadracdt dhbbdys it xgglivzontal | y

movabl e Ofﬂouﬁ@écij d??%'&%td' Boﬁgs§nd Gadfd 95?&5611%’%'[& I?%&%ra%tglé%l a3ocngt forth
in any one ,of clains wherein _sald magnetic basé has a piyof nenber

havi ng a 24 P&ap O%ﬂ%t%’a‘Péalé@dﬁﬁqtéj ?%F&ﬂébﬁ’é%ibéﬁ?ksm it PoRLRBnber ;

and, saighawotiar po@dﬂ:&bﬂ@daﬂﬁaér@éatﬁeﬂéﬂﬁ ReknCc eaRAl §@ét1a oﬂ‘ aﬁiteln@alﬁor
fixing sa d bod (it a de an UL%r p03|t|%n .about . 5# menber. 7.
A rotary ﬁ?%?ﬁﬁl 633%51 SetF 6 AR c PERE éxﬁﬁ d fastenlng
nmenber hasekatpare tof éaqh;nﬂtdaﬂﬁ;ﬁﬂm@taandlBEeDmédratkspowhenabp05|t|oned
between said | %u%% 100 804a St NS AU JTBTRChovaRkAL! €9

portions each hav
between sald body and said pinion and further relative axial

movement between said pinion and said cylindrical.

2. A rotary cutting apparatus as set forth in claim
1 further comprising an intermediate rotary shaft that is
connected coaxially and telescopically to said proximal rotary
shaft for axial movement between them but for no relative
rotation therebetween, whereby said intermediate rotary shaft
rotates together with said proximal rotary shaft; wherein said
distal rotary shaft is connected to said proximal rotary shaft
through said intermediate rotary shaft in such a manner that
said distal rotary shaft is connected coaxially and
telescopically to said intermediate rotary shaft for axial

movement between them but for no relative rotation
therebetween, whereby said distal rotary shaft rotates together
with said intermediate rotary shaft and said proximal rotary
shaft.

3. A rotary cutting apparatus as set forth in claim
1 or 2 further comprising a handle mounted on an upper end of
said body in parallel with said motor, said motor being

interposed between said handle and said magnetic base.

4. A rotary cutting apparatus as set forth in claim
- 3 wherein said handle extends horizontally.
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i nner and outer surfaces, said inner surfaces of said leg portions being
spaced away from and facing each other; said body has a gui de nenber having
side portions between which said |eg portions are positioned and which
slidably engage said outer surfaces of said |l eg portions so that said body
W th said guide nenber is novable on said plane along said |leg portions;
and, said fastening nenber further has a fastening bolt laterally
extendi ng through and threadably engaged with one of said side portions of
sai d gui de nentfer, sa dofasyembigilgpkbpaltatiingaasdmifierthrin ighyeadeengaged
w th one J5 t I 4 f: e {1 i ner

that . when s Faat ol noeart 2 Bofly P8 B 4 o SR oTE

i nwar dl y, s&¥d dagietighdasfe sai d fastening bolt urges one of said |eg
portions, which has said one of said outer surfaces, towards said other

|l eg portion and finallé géesses_both of said |leg portions, against said
ot her side porti-on of* SAFF YUt HEhBEP2TARBF &by 584 8T PRt ABYi @8R portion

of said fakteing Merdeer3 iwhddeght ened to 15 be firnmy engaged with said
pi vot nenber and”dthus a is fixe ecured to said tic
Im ﬁg

id bod |
base. 8. A rot&ry clUeeR lIp %g%ﬁﬁgséoﬁbyPgi% ; e%iqﬁﬁﬁﬂg'ﬁ'H%FEEgn unted on

sai d bodyximrrotary shaft assenbly having an axis of rotation and a distal

end adapted togcholdpagoutiti 0% | j ' sajdyrotary
shaft assenblysbeing n%hnteggg%9§§}§ §§3§£sﬁ%ﬁg ?ﬁ%?tsal .$%1g¥gh%haft
assenbly is noV¥abFPefaldny sH#tdingi sprardtua fevdherchempeiadsora novi ng said

cutting tfReltcaanthsaidingdss PBbIRar Llcextendadunasiddan RidBoket ract ed

osition, . .
P gsaid pivot member,

7. A rotary cutting apparatus as set forth in claim
6 wherein,
said fastening member has a pair of leg portions and an
intermediate portion positioned between said leg portions and
surrounding saild pivot member, saild leg portions each having
inner and outer surfaces, said inner surfaces of said leg
portions being spaced away from and facing each other;
said body has a guide member having side portions between
which said leg portions are positioned and which
slidably engage said outer surfaces of said leg portions so that
said body with said guide member is movable on said plane along
said leg portions; and,
said fastening member further has a fastening bolt
~laterally extending through and threadably engaged with one of
o said side portions of said guide member, said fastening bolt
- having an inner or tip end engaged with one of said outer surfaces
of said leg portions in such a manner that, when said fastening
bolt is rotated about its axis to advance inwardly, said tip
end of said fastening bolt urges one of said leg portions, which
has said one of said outer surfaces, towards said other leg
portion and finally presses both of said leg portions against
said other side portion of said guide member, whereby said
intermediate portion of said fastening member is tightened to
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wherein said rotary shaft assenbly conprises: a proximal rotary shaft that
is coaxial with said axis, said proximal rotary shaft being drivingly
connected to said notor to be rotated about said axis and novabl e al ong
said axis; a distal rotary shaft that is coaxial with said proximal rotary
shaft and adapted to hold said cutting tool, said distal rotary shaft
being rotated about said axis by said proximal rotary shaft and axially
novabl e relative to saidproximal rotary shaft; and a cylindrical housing

t hat r ot ababfyrfiousesaseiddwitstsedid rdvaty mehdbr fod, ndhusel abidebadiya

novenent t i cylindrical. housing and said distal rotary shaft
such that P%a&dgg%ﬁi%%% ca ncr?ovseaslda%agﬂe&gtcoggtsﬁér wth said distal rotary
shaft, and further wherein said feed nechani smconprises: a first rack

that is fiXed'%L”DU”%?Qogar§?EHtE¥h5”9ﬁﬁ A tugogﬁ%?g%g has a col um of

teeth arranged along said axis; a Second rac i xedl y nounted on

sai d body and Ha®%¥sol uim of teeth arranged al ong said axis opposite to
the teeth of sairhddr soundel ocandaia gba&gn that is positioned in
engagenment with the teet of bot aid first and secaond racks, sai.d pinion
o ng ot ol |y hoVEHIE PEREEI JES PP LRI A B Ia - eEC OaSp ek

wher eby a atiattadneofl sdaptpd ni@madalaesut eiali veobhxdadximiy ereht shétiwveen 16

sai d bOdyacf?irL,dr 5358 ﬂ%ﬁﬁsﬁ& tfa%%te%ﬁ%ﬁél%#%%uﬁ)égﬁlOI{TB%%H% vy Retyeen the
pi ni on and sdi d cyli ndri‘cal housi ng, erein rotation Of Said plnion causes
axi al novemneasf rofd@iny sbe bk posieabil vass sebiplem ey eat rastis bandeen sai d
retracted posig k@Bqanshieal & Xbendes RPHiiPBut ting tool along said
axis between an extended position and a retracted position,
wherein saild rotary shaft assembly comprises:
a proximal rotary shaft that is coaxial with said axis,
said proximal rotary shaft being drivingly connected to said
motor to be rotated about said axis and movable along said axis;
a distal rotary shaft that is coaxial with salid proximal
rotary shaft and adapted to hold said cutting tool, said distal
rotary shaft being rotated about said axis by said proximal
rotaryshaft andaxiallymovablerelative to saldproximal rotary
shaft; and
a cylindrical housing that rotatably houses said distal
rotary shaft for no relative axial movement between said
cylindrical housing and said distal rotary shaft such that said
cylindrical moves axially together with saiddistal rotary shaft,
and
further wherein said feed mechanism comprises:
a first rack that ig fixedly mounted on said cylindrical
housing and has a column of teeth arranged along said axis;
a second rack that is fixedly mounted on said body and
has a column of teeth arranged along sald axls opposite to the
teeth of said first rack; and,
a pinion that is positiocned in engagement with the teeth
of both said first and second racks, said pinion being axially
movable relative to each of said first and second racks, whereby

rotation of said pinion causes relative axial movement between
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9. Arotary cutting apparatus as set forth in claim 8, wherein said rotary
cutting apparatus conprises a gear train positioned between said notor and
said distal rotary shaft; and, said gear train conprises; a first spur
gear coaxial with and secured connected to said proximal rotary shaft;
and, a second spur gear engaged with said first spur gear; wherein said
second spur gear has an axial length so that said first spur gear wll
stay engaged with said second spur gear when said proxinmal rotary shaft is
noved axisdid bddgenbdesaidipinidre ahid sirshur pebdt besubdhlt hevetnent10. A

rotary C%éfv@eg?r?pﬂ?é Unsloa:}'ls a%ec’lt sfa(::)LI;]’{ ré:(}ljlln %Jrl l % Wher ein sald rotary

cutting apparatus co a magne HaseE T Favi blsan él ectrical magnet;
said notor has Vdrenmtrpnotsham CBS(Ssmdlmglmm relustes saiel npreuiandl ofot ary

shaft; a%l&ﬁbgaﬁg%ﬁa'f% d%@;rgﬁ@ﬂ?lﬁé' 13 n§[£ V\F@e%iesé ett.xk.l@LEtE id

rotary shaft_ asse on a p to sa axi s sai
rotary she@$ilasyemitd saifd extesdady P@@tlttilﬁ’@l appar atus as set forth inclaim
10, wherein said magnetic base has a pivot nmember having an axis parallel

to said axis of said_rot gr; shaft. assenbl ; sai d bod ot at abl e about
said pivot nenber; afdfot? Ys‘é‘r”éltlrl?ﬁaq‘ﬁip Lf%fsapc’ﬁ&)rlg o't fef Conpri ses
a fasterﬂ,ngnrhm:mer for fixing said body at a desired angul ar position

about said pi V%tal@'p&%ary cutting apparatus comprises a gear train
positioned between said motor and said distal rotary shaft; and,
said gear train comprises;
a first spur gear coaxial with and secured connected to
said proximal rotary shaft; and,
a second spur gear engaged with said first spur gear;
wherein said second spur gear has an axial length so that
said first spur gear will stay engaged with said second spur
gear when said proximal rotary shaft is moved axially, together

with the first spur gear secured thereto.

10. A rotary cutting apparatus as set forth in claim
8, wherein

said rotary cutting apparatus comprises a magnetic base
having an electrical magnet;

said motor has an output shaft extending normal to said
proximal rotary shaft; and,

said body is mounted on said magnetic base such that said
rotary shaft assembly is movable on a plane normal to said axis

- 0of said rotary shaft assembly.

11. A rotary cutting apparatus as set forth in claim
10, wherein
sald magnetic base has a pivot member having an axis
parallel to said axis of said rotary shaft assembly;
' said body is rotatable about said pivot member; and,
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12. A rotary cutting apparatus as Set forth in claim 11 wherein, said
fastening nenber has a pair of leg portions and an internediate portion
positioned between said | eg portions and surrounding said pivot nmenber,
said | eg portions each having inner and outer surfaces, said inner
surfaces of said leg portions being spaced away from and faci ng each

ot her; said body has a guide nenber having side portions between which
said | egportions are positioned and which slidably engage said outer
surfaces of saiskhidgrgponty ong tsiog Eatpasaitahsb day thietrh cotpeigaeisda menber is

novabl e op,sabgdi Rk anemsk id r thﬁ; d, id o i,0g menber
further hag1 a .%is eni ng %gﬁéaﬁlg%lerfggﬁ%%éex e diar%:g%t r?re%ﬁgr%da%c?ftgt%g?gadabl y
engaged WPHLbBhen ofbowl|thid dul it sl f sai d gui de menber, said
fastening bolt having an inner or tip end engaged with one of said outer

surfaces of sg{d Ie%hportions in such a manner that, when the fastening
bolt is rotated-“about* FP$3EYi SUFHIBEVARRRT # Hikar s ySel HORl 1englagf said
f ast eni nglbovhetwiyes one of said |leg portions, which has said one of said

outer surfaces,_t.owards the oth I ortian nd finally presses both of
the leg porti onssala%\%iaﬁé%tentlﬁg %?ﬁ%?r%%g B 8% g?gs%?]ﬁt%ﬂ?sdémr‘?gﬁﬁer,

wher eby thetéermedint aoetiporpooit dbnedilkt fasiresiand heglerriisrtd ghtlened to
be firn ysy£p989ed,M kR mber t s, 4 he y1.hSifixedly
secur ed t%usaid naé%g%?éﬁgéggg %gﬁb%?fo§%%§ngﬂ% |ngjéppafgggsh%gﬁ%bﬁsing: a
base for ¥Rty QY rordaFesut siedg dpparasusfaces ofespiddlpesition;
and, a bastyrtiwis iseiRHHREN Sk FHAFE aSCFakhal; eakd Bedyr;i s nmovable

along an axis rs%tli?it f)ggy%%ssglgqli%aésﬁ’ember having side portions between
which said leg portions are positioned and which slidably engage
said outer surfaces of said leg portions so that said body with
the guide member is movable on saidplane along said legportions;
and,

said fastening member further has a fastening bolt

laterally extending through and threadably engaged with one of
said side portions of said guide member, said fastening bolt
having an inner or tip end engaged with one of said outer surfaces
of said leg portions in such a manner that, when the fastening
bolt is rotated about its axis to advance inwardly, the tip end
of said fastening bolt urges one of said leg portions, which
has saidone of said outer surfaces, towards the other legportion
and finally presses both of the leg portions against the other
side portion of said guide member, whereby the intermediate
portion of said fastening member is tightened to be firmly
engaged with said pivot member and, thus, the body 1s fixedly

secured to said magnetic base.

13. A rotary cutting apparatus comprising:

a base for fastening said rotary cutting apparatus at a
desired position; and,
' a body that is mounted on said base such that said body
is movable along an axis relative to said base,

wherein said body comprises:
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wherein said body conprises: 18 a notor that is nmounted on said body; a
rotary shaft assenbly that rotates around said axis and is adapted to hold
a cutting tool coaxial with said axis; and, a feed nmechanism for noving
said cutting tool along said axis between and extended position and a
retracted position wherein said rotary shaft assenbly conprises: a
proxi mal rotary shaft that is coaxial with said axis, said proximl rotary
shaft being drivingly connected to said notor to be rotated about said

axi s; a distal @otergr shsft ichatourgecba aaiwi tdodyai d proxi mal  rotary

shaft and adapt@Qott%rl_i}_oélga%ﬁ@g%ﬁ&n&ﬁQg!o’ta]%%is?ap&ﬁélslgai??éﬂé/ aafaf t

bei ng rotated_about said axis by said proxinal otary s ~and axially
novabl e r&f AR teahalrauriingotapy catratal wikh da&sawdri @ad.housi ng

that rotatably dhausesmeahgndiatflr nbohiagysshafdudiangneche! Atdue saxisal
novenent between the cah/%l ndri cal_ housing and said distal rot ar,)é,shaft such
that sai d*tyIPRUFTTalI2 ﬁ%%@l‘fﬁﬂ/&o%ﬁ%ﬂf} P Getlrdr AhteR B2Pd TdrEt al

rotary shaft, ardefaint eridvrerteiny stiad tf eedomeaarbspriegpri ses: a first
rack that is fi : n n i | indrical .housi and. has a col umm
of teeth arrang%??%&%ﬂsgggaa i%?%& chlé—’}td llsofg?ilclgﬁa‘ﬁagss?& Py"5a second
rack thatsasdfanaeding lnyereay shashi debagedaidingibhy @mwamad ¢b teétih

arranged Rhohg SRk ad S 1QRPegIdEE e teeth of said first rack, and, a
pinion that is positioned in engagement with the teeth of both said first

and second racks1E5PY FAEA SBeithgthRt alg Foaxial with said proximal
rotary shaft and adapted to hold said cutting tool, said distal

rotary shaft being rotated about said axis by said proximal
rotary shaft andaxiallymovablerelative tosaidproximal rotary
shaft; and

a cylindrical housing that rotatably houses said distal
rotary shaft for no relative axial movement between the
cylindrical housing and said distal rotary shaft such that said
cylindrical housing moves axially together with said distal
rotary shaft, and

further wherein said feed mechanism comprises:

a first rack that is fixedly mounted on said cylindrical
housing and has a column of teeth arranged along said axis of
said rotary shaft assembly;

a second rack that is fixedly mounted on said base and
has a column of teeth arranged along said axis cpposite to the
teeth of said first rack; and,

a pinion that is positioned in engagement with the teeth
of both said first and second racks, said pinion being axially
movable relative to each of said first and second racks, whereby
rotation of said pinion causes relative movement between said

base and said pinion and further relative axial movement between

the pinion and said cylindrical housing.

14. A rotary cutting apparatus as set forth in claim
13, wherein

19



novabl e relative to each of said first and second racks, whereby rotation
of said pinion causes relative novenent between said base and said pinion
and further relative axial novenment between the pinion and said
cylindrical housing. 14. Arotary cutting apparatus as set forth in claim
13, wherein 19 said rotary cutting apparatus conprises a nmagnetic base
havi ng an el ectrical nagnet; said notor having an output shaft extending
normal to said rotary shaft assenbly; and, said body is nounted on said
magneti c base stRid tiedaryardttiogappatwits asgenlsesi 3 maoyeliec basa pl ane

normal ton§aifgaxh Se1&fcSAkL dMy shaft assenbly. 15. A rotary cutting
apparatus as set forth in claim 14, wherein said nmagnetic base has a pivot

nmember havi ng affEketopdiealing an uspug shbakt sxtenflane sroamplstaseidssenbl v;
sai d bodyrbsarptaiabt eagheut1lsaigh@i vot nenber and has a fastening menber

for fixing said bo t a desired angul, ositiqn about_ said pivyat
menber. 16. A rsoatjéféoghftﬁ W&%ﬁ%%%@@mégﬁe%?ﬁw%se%l‘rﬂatlg erein,
sai d f ast eotagy mrlier ahasmial padisr mofrabeg qokt bdase and el torHsrdradiat e

portion pgfbé%g@%@aeg}y\%ﬁaia%ge%l o_rti ons and surrounding said pivot

menber, sail eg portions éach havin i nner and outer surfaces, said inner
surfaces of said |leg portions being spaced away from and faci ng each

other; said body hasaa guhde AREPEAGN Mﬂaé%gea%%féé G5 RELWeRn 53 yhi ch
said | eg Jj_oortl ons are positioned and i ch slidably engage
4, wherein
said magnetic base has a pivot member having an axis
parallel to sald axis of said rotary shaft assembly;
said body is rotatable about said pivot member and has
a fastening member for fixing said body at a desired angular

position about said pivot member.

16. A rotaxy cutting apparatus as set forth in claim
15 wherein,
said fastening member has a pair of leg portions and an
intermediate portion positioned between said leg portions and
surrounding said pivot member, said leg portions each having
inner and outer surfaces, said inner surfaces of said leg
portions being spaced away from and facing each other;
said body has a guide member having side portions between
which said leg portions are positioned and which slidably engage
said outer surfaces of said leg portions so that said body with
the guidemember is movable on saidplane along said legportions;
and,
' sald fastening member further has a fastening bolt
laterally extending through and threadably engaged with one of
said side portions of said guide member, said fastening bolt
'having an inner or tip end engaged with one of said outer surfaces
of said leg portions in such a manner that, when the fastening
~bolt is rotated about its axis to advance inwardly, the tip end
of said fastening bolt urges one of said leg portions, which

has said one of said outer surfaces, towards the other legportion
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said outer surfaces of said leg portions so that said body wwth the guide
menber is novable on said plane along said |l eg portions; and, said
fasteni ng nenber further has a fastening bolt Ilaterally extending through
and threadably engaged with one of said side portions of said guide
menber, said fastening bolt having an inner or tip end engaged wth one of
said outer surfaces of said |leg portions in such a nmanner that, when the
fastening bolt is rotated about its axis to advance inwardly, the tip end
of said fasdehinmgllhobregsgesboble aof thal Hey auppordrisoagainktdthe bahesai d one
of said oulge SHEEAGESor ! OURY duide QLS | SO ML Y rdadnblnalLy

presses both the | eg portions agalnst the o side portion of said
gui de nenBRFE1RePEbSAt hef ik et inerdoenorg | oholyfenng & of dst EArmdymenber s

ti ght enedehaded Wil Baiengaged mehbes ath P;ﬁ{ﬁs,ﬁ%ﬂﬁ%o@sﬁ%s trhuggithe body

is fixedl r , sai i )
S ed gec&?g gg éa?lgamgglgea :{]c?tba?seb.ase
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