DESCRI PTI ON  ROTARY CUTTI NG APPARATUS BACKGROUND OF THE | NVENTI ON The
present invention relates to a rotary cutting apparatus. More
specifically, the present invention relates to a drill which, although
conpact, is capable of feeding aDEBSCRIPTVOINA relatively long distance
(or cutting stroke). Drills may be used on a variety of sites in connection
with plant building, shipbuilding, bridge building and so on and,
‘therefore, it is desirable that they are conpact and lightweight. It is

general | y conventional thaR@TARN CUTTNG AIFPARIRTUS feed mechanism
for feeding the cutting tool and a notor for driving the cutting tool, all

of which are linearly arranged. To neet the above requirenents, a dri II has
been developed in which a notor is positioned in such a manner that the

out put shaf t BACKGROTUNDOOFTHE BENVERNSTRHENY Which a cutting tool and a
feed nechanismare arranged. This type of drill can achieve a |ow profile

or a conpactThez@rasea@MRakewhtibhh rbhersd o ent| Qhal . ones
However, when those skilled in the art tr;./%t?o Lﬂaqueg“r&l% g A2t Yo o
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required to be shortef re corrpac '
cutti ngl1d @ S the neV\A devel] o rill ntioned
above, SUMVA%E C(ﬁﬁ‘%’aﬁ% &ﬁ/&%ﬁ%if%\éﬁg t?& 8Igy, t|”§ga#rP bf‘e‘%ﬁ attb"%fe\lpﬂg a

cut ti ngi ARRATATHS cmtﬁ{g%qgogez_ed a longer distance even when the cutting
apparatus is conpact ccor g to the present invention, there is

ErOV' ded a rOLATY may be used on a variety of sites in connection with plant
- building, shipbuilding, bridge building and so on and, therefore, it is
desirable that they are compact and lightweight.

It. 1s 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 fnanner that the outiaut 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 tfy to make a drill
compact, 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,



ing apparatus conprisin a body; a notor nounted on the body; a rotary
gﬁ?ﬂ;t gssggbl y havi ngpan axi s and adapted to hold a cutting tool coaxial
with the axis; and, a feed mechanismfor noving the cutting tool held by
t he rot ar o UYRMIARYs ST H Rl NJEN'EION s of the rotary shaft assenbly. The
rotary shaft assenmbly conprises: a proximl rotary shaft concentric with

the axis dfcaovelingilpy yt islhaf bb?@aﬁf@bﬁ*o&fider@@%@ﬂ;%{&#ﬁ%@%g{}?@é{ ?% tion

about the axis, the proxinmal rotary shaft being dri he
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intermedi ate rotary shaft being rotatable together wt

] ' ' ted to the
r ot ar yestiifig appdirattals sokdniseiial t tel escopical Iy connect _
inter)r/redi ate rotary shaft to axi%lly-rmve relative to the internediate

L . {he
rotary shaft eéiodssn an extended position and a retracted position,
di staly rotary shaft being rotatable together with the internmediate rotary

; | ' | [ [ | rotary shaft
shaft; and, a eydtddi &@htdQ G o ably holding the dista _
and bei ng rmva%lye al ong the ﬁsg‘&%ﬁé’ rotary shaft assenbly together with
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I nternmedi ate and dista S I n the extended positions
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 ro'tary
sh.aft assembly and mounted on the bo'dy for rotation about the axis, the
proximal 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 togethef 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 rotafy shaft being rotatable together with the intermediate
rotary shaft; and, |

a cylindrical housing rotatably holding the distal rotary shaft

“and being movable along the axis of the rofary shaft assembly together



thereof and to a retracted position wherein the internediate and distal
rotary shafts are in the retracted positions thereof. The tel escopic .
structure of the rot ar%/ shaft assenbly of this cutting apparatus nekes it
possi bFéthdhe;dastali mefanpishaftattain a long cutting stroke even when the
rotary shaft_assenbly is short or of a conpact size when in the retracted
position, t h%hébie@ﬂamleﬁbam&m rbaaryn atitviengnapplee At 88 glaged SRikle ¢hed
conpact size. The feed nechani smmay conprise: a first rack nounted on the
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with the axis of the rotary shaft assenbly and facing radially outwardl)
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a colum of teeth extending in parallel with the Col ug{ngo{ teeth W N gged
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\?\npth the colums of teeth of theg¥i rst and secong racks. |s%d%gt}gF§T?rack
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to the second or stationary rack through a |long distance for €ver

rot at ixrtaaly $hefty ArorimsheWEFaR¥eW pBsfiodsNGl & dJfack mechanismwhere a
pinion is ?ot atably provided onaa est%t?orllgry S|e§§°and a novable rack is
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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 fotary 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 mechanism 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



[ [ [ | ( [ [ d the body is
thereto a workpiece which is subjected to cutting operation an
thereafter m)vgd to bring the tip end of the cutting tool to a proper
position on the vvorkii ece. The pivot nechanismfacilitates the

i ngi Mpkes theassibdedoat thadirsutot nptoble t0adkPEPDRY sROSE OPheRe
%Irﬂg: E?e whi ch isspsubj ected to cutting operation. According to anot ﬁgr
aspect C@rtribater ks @nshonteningnf theratting Ripyheggus rotary cutting
apparatus in which a rotary shaft assenbly having such a tel escopic
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:th;nytc g;senbly. Since the novenent of the rotary s&aft a?ong t'he axi's” of

the romagnetiaf bassseribich takesopss tthy bode Twtdy é;f grg%ﬁ'ngfr rtﬂgt:n%ary

shaft assenbly, the rotary shaft assenbly and/or the nechani's &n’ be
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. According to a further aspect o e present 1nventl
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thereto a workpiece which is subjected to cutting operation and the
body is thereafter moved to bring the tip eﬁd of the cutting tool to a
proper position on the Workpieée. |

The pivot mechanism facilitates the bringing of the tip end of the
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 strﬁcture as stated above is itself movable
along the axis of the rotary shaft assembly. Since the movement o‘f the
rotary shaft along the.axis of the rotary shaft 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. |

Accérding 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 and 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.



a notor associated with the rotary shaft assenbly is novable relative to a
base in a direction parallel to the axis of the rotary shaft assenbly. As
in the case of the abovenentioned rotary cutting apparatus, this feature
al so reducesBRI& Ei REIGRIKTIOBRICF THICH RAVINNGESTHE DRAW NGS Ot her

. objects and advantages of the present invention will be readily

appreci at ed ©yheef ebgects tamd hed ¥ ahtagesooflaltal AR sde; f%ﬁ?hh@i‘oﬁ’fwill be
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rotary cutting apparatus in accordance with a first e _ _
presenprefarent i embddgnedtss #heipSeoaeedbredl ig d@oﬁh%\éilidx?” wigh" %bea
rotary shaft assenbly enployed in the rotary cutting apparatus of Fi'g.” 1;
Fig. 3actemypssiigel drevdmnigmwhensiof: a rotary cutting apparatus in
accordance with a second enbodi nent of the present invention a portion of
which is shofig.a} ia arassssestiionali gile LNy &SR Yi I f,_the
apparatus being in a retracted position; Fig. 3b %éégﬂé?g‘wgéfgn@a%ﬁﬁ%bngi g.
3a shosppgrabas tihe dqioada sl #itBS eyt O taly Sptii ng _apparatus
is in an extended position; Fig. 4ais a g %égﬁg%%e?@n (\gfide%%f pagg&n ry
cut ti nigyvagppiEoatus in accordance with a third enbodi ment of the present

i nvention a portion of which is shown as a cross-section view, the rotary
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partial crogsgsess iiQNa Will¥ elevation view of a rotary cutting 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. 3a showing that the rotary shafﬁ
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 rotar:} 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,



Fig. 6a is a plan view of a nechanismfor fastening a body of the drill to

base enmployed in the drill of Fig. 5 the nechanismbeing in a . .
ﬁon-fastgﬁi y.m) ,,and, Fig. 6b is a viewsimlar fastening node. 0 Fig.
6a showing t hg-ngghleﬁwasmw SinpHPA tEDFREIOR $116 Wi §F Hém BRERERBED in a

ith reference to Figs. 1 and 2, a rotary cutting apparatus or
EWIGIDI %%gd\évﬂég}%few th a fi rstgenbodi ment of the present invention is
shown generally at 10. The drill 10 has a body 14 provided with a notor
12, a rotary shaft assenbly 18 drivingly connected to an output shaft 12a
of the motor 12 through a bevel gear 17a, a planetary gear speed reducer
17b, and fld?Eaé%leED?c, IDESCRIPENON: fee@Frechap@En 20pRat pEVRRGH @

tti tool t (i.e , in the illustrated enbodiment, an annular or _
g;I i nﬁ%ﬁpQIM(EN@S ool having a circular cross-section) along an axis of
the rotary shaft assenbly 18. As clearly shown in Fig. 2, the rotary shaft
assenbl y 18 WidnprafeegnaeptoxFigd. 1okawdy 25hafioddy g{ﬁ%ﬁpéy%gﬁgg%{lgg%%)z

the body 14 to be rotatable about the axis of the rotary"s asse
and pholl decedotdames With gefirsd 2anbad iy e Gedias ?rggfeﬁ%yidﬁh{ﬁ{iofxfo‘ is
tel escopically connected to the proximal rotary shaf , a dista ry

haft shb®wn| genepatht lat ddnnetad Q1L he iHg eramad i Yidald 44, and
'Z ﬁol ding cyli ndgr 28 for rotatably holding the dlds%%z]f %)]Ia%rly elslﬁa#’% 75
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speed reducer 17b, and flat .gears 17c, i7d, 17e, and a feed me_chanism
20 for moving a cutting tool t (i.e., in the Iillustrated embodiment, an
annular of cylindrical cutting tool having a circular 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 r-otary shaft 22 rotatably supported by the body
14 to be rotatable about the afcis 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 'r'otary
shaft 26 telescopically connected to the intermediate rotary shaft 24,
and a holding cylinder 28 for rotatably holding the distal rotary shaft
26 thereiﬁ 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 prox'imal rotary shaft. The
intermediate rotary shaft 24 is cylindrical and has é plurality of splines

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



extending al ong the axis of the proximal ro;aryfsh%ft. The internediate
rotary sgaft 22 I's cylindrical anqvg%glaapkaahétyﬁot splines on the inner
surfaceg t her eqf ich slidingly mate with the splines of the prPX|naI _
rotar yﬁé‘r’\aq”co.xmh FAtaryediable rTherintdranedbate soanipldlyaftnpyalyl exigllgti ve
to the proxinal rotary shaft 22 between an extended position (shown in Fig.
2) andnﬁ“’r %E?Iﬂ)ﬂﬁ@stq ithe pehadimalnretary Bhafli 82dbetwbanyashehte REeks
cylindrical, and has a_ plurality of splines on the inner surface Phereof
whi ch BPPHaBRy (ShaWnniRhFigpi2)r andt ¢ étrasytieidnpo st tioredshowha OWigL 1),
surfacg, of the internediate rotary shaft 24. The distal rotary shat is

axi al |'§e/hﬁo@h1ﬂaé retani vhals 2hdsi oybmdedeal end diss ya phakhligt Weehidhes
extended position (shown in Fig. 2) and a retracted position (shown in Fig.
1). THAHARYiEg ey surdece 28heseos wphich edidybdy ghiade @Wt@@%l&?amﬁurggly
connected to the body 14 in such a manner that the hol ding Cylinde IS
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along the axis. In Figs. 1 and 2, reference nuneral 30 donate$ nee

dl e
i nbBe disdiali votedshehwseis thaadlstabvadilaryelshabt 26 8214 1 Hekdipg
Egﬂ Ing%r %g#l and reference nunerals 26a, 26b donate rocking. g%‘?s gor

| ocki iptawtie shatfti hgtweeln tam cektendédt pbsitioa Yssbaft 26 B sl geye,for
opera??)ng the | ocking ball 26a, respectively. The feed mecﬂgnl sm

rixedzagtednpasiviovabishowak ial Figed). t oTHe RYI&Ins Uk gﬁfd she;
ﬁglmd)i Ing cylinder 28 and extending in parallel the axis of % e reg{ ary dRaf t

assentsiuppottietehy at gtidoarplindel 88 «SAH] gﬁﬁnﬁe%‘f?aoﬂ}' til%néegg)rgﬁ%: i}ﬁl 3t 0

the novable rack 31 with a space interpose er ebet ween, "a 4
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and Bibtated about the axis thereof but is permitted to move along the axis.
In Figs. 1 and 2, reference numeral 30 donates needle bearings
positioned between the distal rotary shaft 26 and the holding cylinder
28, and reference nuinerals-26a, 26b donate rocking b\alls for locking
the cutting tool t to the distal rotary shaft 26 and a sleeve for operating
‘the locking ball 264, 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 fo the movable rack 31 with a space
interposed therebetween, and a pinion 84 positioned between and
engaged with the movable and stationary racks 31 and 32.
In the drill déscribed above, the rotary shaft assembly 18 is in a
retracted position as shown in F1g 1 when the drill is in a non-cutting
operation. During an operation, the cutting tool t is rotatably driven

by the motor 12 through the rotary shaft assembly 18 and,



In the drill described above, the rotary shaft assenbly 18 is in a _
retracted position as shown in Fig. 1 when the drill is in a non-cutting
operation. During an operation, the cutting tool t is rotatably driven the

ot or $UmUAbdugAUSKE thet phyicsh i imsetatdd 1A% 2bdn teirrelldcARPRISHYrdd8on
pinion 34 is rotated in a counter-clockw se direction as viewed in Fig.

by a |@veviewied dmolig. Pr byi dedewer oiimotentiodnp prdAldedl ahakle @hd T a
p?nion 34 extendi ng outside the body 14. The pinion 34 is thus advanced

al ong ¢thetralashadar 9f rdok BihidowBwr dstending i utsids (HE BEWRDL 8 T apk 31
Is noved downwards by the rotating pinion 34. Fig. 2 shows the rotary

shaft Riss&THB '@thustarbvancedcbdm@shbiMtiwha&yifhdm%waaﬁ' WwiatdsSand
positioned at yltt he uppernost position of the novable rack 31 aﬁt ﬁougﬂ hot

shown, et urhe theveovedileposi kt i3dni i éved dovihmaaly byamke 33ka tAW pilSon
internedi ate rotary shaft 24 and the distal rotary shaft 26 aﬁggpn ?ﬂe

ext enddd. pdSig.idebovhethefrotdry shaft AGskadhly 18081 9. @ﬁt&%&ggﬁ%ésit?éguggt

to the | owest position thereof. In Fig. 2, a workpiece to be ] ec

tti nyhepeint the piasomBbéenpseitiohedPasi thONEHpEEhATdLY S okPtidlE JPOLALY.
gﬁaflt”gssgnbly 18 and, accordinrrjlgly, a center plﬁpc 0 th@ochtol ng?t%@? S

mai nt oo blo ta Al o spRuot BhdW; o vhiNGWeBRHAE MLLLEH govRLds

fromthe shown position.. OQtherw se, the center pin ¢

wor kpissagisrary atackuBR) nan OPRSE %Ht@@n%éé\@fit%bi‘o@aﬁh?ﬁ?ﬁ: %{En@kﬁgég&&:ﬁt he

noved up and away froma valve seat ornmed ©O
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source (not shown) fluidly connecte

‘ | ' b lied,to_the cuttin
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tool t. On the undersi te bg hown) ther.ein. The maanetic base 41
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positioned relative to the rotary shaft assembly 18 and, accordingly, a
center pin ¢ o.f the cutting tool is maintained in the position shown in
Fig. 2 without being shifted upwardsl from the shown position.
Otherwise, the center pin ¢/ is moved up by a workpiece set for cutting

operation, whereby a shankfrtype valve 36 is moved up and away from a

valve seat 38 formed on the inner surface of the distal rotary shaft 26 to

thereby permit lubric.ant 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 rﬁagnetic
base 41 magnetically adheres a workpiece thereto to set or position the
workpiece 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



wor kpi ece relative to the rotary shaft assenbly 18 for a drilling
operation. It is preferable that the body 14 with the rotary shaft .
assenbly is novable relative to the base 41 on a plane normal to the axis
of the2¥bt &f Phenrotary shiaft yase mblpridbke diwbld pheftipher chbtdu@ih@otoolt tO
be readily positioned relative. to the workpiece gfter the base 417is
secur ek $OR¢ Ferddly pagitiome dptedasivEitgsths, wbrkpickdla fsbpwha Bakbl4pijg | ar
to the drill of Fig. 1 and having a mechani smwhereby the body 14 with the
rot ar ySesuxely at § tostharwbekpibeesl on the base 41 and, then, fixed on
t he base. Sﬁg.ecifical |y, the mechani sm conprises a pivot menber 141 fi xed

p

on the uppefigturfabe end 6b bhoev 41 dvyllasimslanitooteldrilB L Fid 1 and
rectangul ar frame 114, which is generally rectangular as viewed in Fig. 6a

and whREhCEs apoviechendd nbetwieere b e thedboldy and theribasge4Loaldy igtedkhy
connected on the |lower surface 14-1 of the body 14, and a fastening Tnenber

144 howssrpnblyeb®raaid peUnsdepd @s thicehadei £1 Fi9d, 68 enconghit &ﬁeﬂlé’fgbafse”ai r

of |egs 144-2, '144-3 and an arched center portion 144-4 connectin egs

144- 2, SpacFiealdys sheomedingn ihe cmmcptrisr@mebiv&éheégol%ﬁﬁwgng&e'ﬁ g3 $8 and

6b, the frame 114 has an outer rectangular portion : an 1in f
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the inner rectangular portion 114-2 is fornmed a guidé pofti ‘
I he Tact on g, nomper BeRAAIIS b ORLAEAPE M4 WO ORESF IS B,
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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 horizontélly 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



rrespondi ng outer surfaces 144-5, 144-6 of the fastener nmenber 144. The
ﬁgchanpsn1fu?ther conprises a fastening bolt 148 having a male screw thread
148-1 forned thereon which is threadably engaged with a fenale screw hole
114- 3 FEFRWdtRredd gt drle ferme dbhbreont whiohtiar thresdablylergpeediwitd 1d- 1.
In Fig, 6a, legs 144-2 and 144-3 of the fastening nenber 144 extend in

par al | 6¢malensgrew daler 1148 formuds thnmsesh t baeakide dwednt &F R 1 Pfby
144-4 | oosely fits around the pivot nenber 141 and, thus, the fastening

menber YA REULJE ap antienaidid- It heInpFigt émntlegslald-gharRby1 4863 of the
rectangul ar frame 114 fixedly connected to the body 14 is rotatabl e about

the pi {dtteRingemenbend 4heniteart dhl pareVhill #ieh &hehbese AlanBYif0tREd NY
t he fasteni n% screw bolt 148 by a handl e 150 connected to the outer end of

the bof@se4ghq tarchiedtemiay hpbttidas lopsr 0403y BCHYs Wk Byl tg{dorfﬂﬂoto“
the fastening bolt 148 kept in engagenent with the | eg 144-3 of the

PrRpubenbbd 1 «0dd, thispkhy fudtesiing ambast BOLNG ARERGH 14444 2L Qrd
I:gfltj?'?i on as shown in Fi g? 6b under IWI% ch the | egs 144- %Qan& 144-1'3 are

f or ci bpyvotengeepadeni t h4dachyhiehebyanghar & ddtbHhIahATRAERC! $99N RS 411D

end of the fastening bolt 148 and one side wall” of the guide porti

t her ebsorhaeied He phediodenbersldds 4ba HTRaAB 0k gmfﬁé@%tg?;ﬂe?%bggn?%is?éﬁgd

and be fixed to the rectangular frame 114. Thus,

to t hehouzontnlly mokebdehoditinbastha 1M0tRY A2 dtink ¥84! 84 JRUILED, on, L he
bgdy 14 in suchya manner that the output shaft threlltgjeoﬁ |sSp05|1%l oREtt W

hor 1 2’4l 148y ehaentlecubordond sotdie 81k okl 8 Sl ARscrRly

and a handl e 42 is positioned above the npotor and secure

e 4o g 1 i Al S IORYR 5 BTN e
and a Hdlght48Rdpt 11 oMo el with 1 ¥e ienéjil(ﬁqf-%ngf_ghgt ats%gn%glgl%%lber
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 meml.)er‘141 by means of the fastening member
144 and be fixed to the rectangulai‘ 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 perprendicul‘arly to the axis of the rotary shaft assembly
and a handle 42 is positioned above the motor and securely connected to
the 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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I nposed on the drill. Instead of the single light emtting diode, a 10
plurality of LEDs can be provided to each indicate an appropriate | oad
status,, an Qverl oad status, and so on. Figs. 3a and 3b illustrate a drill
in accolrmdty aft hEDe e beepbodidmahttooéatheimii&sﬂﬁtahﬂa/ﬁﬁi‘bpﬁiaﬂé‘lbﬁﬂﬁs
of structure, the drill is generally the sanme as the first enbodi nent of

t he prEPdits.igw onardaad status,kend soeat.s are denoted by the sane reference
nunbers. A distinguishable feature of the drill is that a rotary shaft

assenbly 18 Ki@#pr Bsesnal floxillabtrateary &hal tir?2 ot dh st RlitK 04 @bYheShal t
th the

26 which_ is in a telescopic- spline -connection relationship w

pr oxi riRbogiarent dfith@ presenitoinventRmosilagt e si 6f etradiate LtRLAGYII]
shaft between the proximal and distal rotary shafts 22 and 26. Further, a

flat déagengrally theeamera wherfivshembodinrnii B t4 PYbRLLE i %fxftié%a of
a notor 12 and the proximal rotary gear 22 has a |longer axial 1ength and

the rdnd yikeaflenzesterarg d8niose dovphile 85nfe Wadhfondd {Hiy2x1 S thereof
relative to a body 14 so that a flat gear 17e fixed to the proximal rotary

shaft 22 and ehigdgeguishhblbefédnirgedt (HO gaN1 be Kept anrgpgggegﬁ%ﬁmh

the flat gear 17g as the rotary shaft assenbly is noved re e

body. aFserebly &,8 doth pisys a0PebRLMAL réfhersprsfymifgﬂbzagg dgsy%(teagg;g@/g y

shafts 22 and 26 of the rotary shaft asserbl are alway

in a ochtaft@s ofeicd o inte Wycehi iQla 8 1s .mpved up
and down. Figs. 4 and 5 il?ﬁc??tlglﬁp%gel FJP%QSE%OOI?ggﬁggoésﬁﬂpawﬁﬁ r@‘e
enbodiprestimf] t&eapyf eIRFt 29V ' i.Sti ' L.e . featuy.e of the drill
is thgt a body 14 Ilgg mvab%g’ %&Qﬁl&mﬁl%ﬁaﬁl\q}% t%‘ggglﬁﬁﬁﬁ@ﬁ A SEOWALY | n

]'Egre ggsggn?e??@érﬁuﬁﬁé”pﬂo%imﬂi 4589 oficthe Q’%%g.rg'o shPRS b hgntc)iOdgG.M
Further, a flat gear 17d of a gear train drivingly connecting an output
shaft 12a of a motor 12 and the proximal rotary gear 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 flat gear 17e fixed
to the proximal rotary shaft 22 and engaged with the flat gear 17g can
be kept in engagement with the flat gear 17g as the rotary shaft
assembly is moved relative to the bddy. Therefore, during an
operation, the proximal and distal rotary shafts 22 and 26 6f the rotary
shaft assembly 18 are always kept rotated in a cutting op‘eration in
which the rotary shaft assembly 18 is moved up and down.

Figs. 4 and 5 illustrate a drill in accordance with a third
embodiment of the present invention.

A distinguishable featufe of the drill is that a body 14 is movable
up and down relative to a magnetic base 41. In the drill, a body

support is provided on the base to support the body 14 for movement in

a vertical direction or an up and down direction and a stationary rack

11



a vertical direction or an up and down direction and a stationary rack 11
32 is also fixed to the body support. Thus, in operation, the pinion 34 is
rotateg t.o ve alegﬂg tr}&stationary rack 32, whereby the rotary shaft
assenb % 1pgatso fixaddedhs bedin suspedtandThis, iat apyratia, tlhae gemiby 34 is
itself, noved up and down. The invention has been described in an
il ustlrsatrP%t?rgnHérquﬁdalﬁmgi the ostationdeystrackt Bi2at wihiareber rtiheolregy riyhat
has been psed is _intended for the purpose of description and is not to be
in an gt 355A1RPAY. 18pvisoesity ndeshyo et f t1eattiednsamdid thar irath@9s sdfafihe
present inyention are possible in light of the above teachings. It is,
theref%?ﬁ%mbiYMéﬁs‘ttéggf mewediumiand Wovwnope of the appended clains, the
invention may be practiced in a manner other than that specifically
descri bed. Ibheinvemtisnrbaarlyeentdé suyibpdaimtars iHumrasive Mahedy, £ got or
nounted on said body; a rotary shaft assenbly having an axis and adapted to
hol d dt &t 9 e t vokdesshsedl thiaththai deaniisnolagﬂ, th afte Hith STEFAN angOfi%
S

noving said cutting tool held by said rotary aft assenbly al ong sai

axi s; 184radest foy thafpuapssabof dannipsicng: aAdP{PXidRItor Pty ﬁﬂgf%v v
concentric with said axis and nounted on said body for rotation bout” sai d
axi s, IS@ilﬁllpgoxi mal rotary shaft being drivingly connected to said notor;

Obviously, many modifications and variations of the present
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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an internediate rotary shaft concentric wth said axis and telescopically
connected to said proximal rotary shaft to nove relative to said proximal
rotary shaft along said axis between an extended position and a retracted
position, said internediate rotaryCEAdiMSbei ng rotatable together with
said proximl rotary shaft; a distal rotary shaft concentric with said
axi s ahd t‘elreéasyi chitinscanpesnsysteomprdsimger nedi ate rotary shaft nove
relative to said intermediate rotary shaft along said axis between an
ext ended ﬁo@?@i’on and a retracted position, said distal rotary shaft being
rotatable together with said internediate rotary shaft ; and, a
cyl i ndri c8l e mg woteckotr saidiktddywai d axis, said cylindrical housing
rotatably holding said distal rotary shaft and bei ng novabl e al ong said
axi s togeth&ptaryhshaiftl desewmbly oivuimg sonf axisahdd eathpacdans SRph@ving a
drive nmenber engaged with said cylindrical housing and novable in parallel
with said axicttonghoiodcomtichlrwtith wadkdahkigsaadhl y to an extended position
wherein said internediate and distal rotary shafts are in said extended
posi ti onsatfegrdestechdnisma fortmastiag pasd tdmm/get@ﬂnhemip%iggﬁr gggégge
and distal rotary shafts are in said retracted positions thereof. rotary
cutting appasdtaft assesabljoaldng satlaixist, wherein said feed mechani sm
conprises: a first rack nmounted on said cylindrical housing and having a
col um of sabrhtaxy esith ftgakse pdylal bempyiikingai d axi s of said
a proximal rotary shaft concentric with said axis and mounted
on said body for rotation about said axis, said proximal rotary
shaft being drivingly connected to said motor;
an intermediate rotary shaft concentric with said axis and
o telescopically connected to said proximal rotary shaft to move
relative to said proximal rotary shaft along said axis between
- an extended position and a retracted position, said intermediate
rotary shaft being rotatable together with said proximal rotary

shaft;

a distal rotary shaft concenfric with said axis and
telescopically connected to said intermediate rotary shaft to
move relative to said interme'diate'rotary shaft along said axis
between an extended position and a retracted position, said
distal rotary shaft being rotatable together with said
intermediate rotary shaft ; and,

a cylindrical housing concentric with said axis, said
cylindrical housing rotatably holding said distal rotary shaft

and being movable along said axis together with said distal
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rotary shaft assenbly and facing radially outwardly relative to said axis;
and, a second rack mounted on said body and having a colum of teeth
extending in parallel with said colum of teeth of said first rack with a
space i nt er poseihnshehalfet ween; said drive menber being a pini on positioned
between and engaged wth said first and second racks so that said

cylindri caﬁlaiﬂogsednghmnisamd Havidtg racfrive maveehé éﬁggg_@ki_r QEAtHONS B
said axis of said rotary shaft assenbly by rotating said pinion. Arotary

cutting apparatlindascabthdwsing isné! 8ide2p]MiRr fhaBhi1dwiRhOka0@S, &1k Q4 Put
shaf t gxtggdi ng normal to the axis of said rotary shaft assen‘E‘?y. {A]\Srotary

utting apparlating asasdt rboar] ishaftaidgsbmBer ebn SRl dxiohaly C¥bLig
;ppar a?uspgonpr];?es a magneti%:i base havi ng 132% el ectrical magnet}!;)J antg, T4
sai d body is wherbén omiddhdefBONEbite Rage dssefl &B%ﬁaé}{’a%rsog?gyigg%f&h
assenbly is novable on a plane normal to said axis o said rotary s

assenbl y. A rtiamdedidddini AL Pandete [ Prblrh ol 3 Mo MNETE 32 d

1
magneti ¢ base has a pivot nenber having an axis para 0 sai & of

[ it 1 eesarbdYate i Klg’ [ ut_ sai i,vot
?rgnge; ?t g:l)é, Sda?gllt hﬁl‘ ot ar Exgﬁfﬁ’g% (g%gg} [al‘t%&é%ﬁ%?%gtfs gg%}ﬂ Sgégipeftﬁﬁcéﬁgr

for fixin el t tR esired angul ar position about said pivot
menber. A grgotslfe?ry gf}?%l ntgrgggarat us as set forth in claim5 wherein, said

fastenng Aegbaty AR tinBppatathd £kt ¥TtAS Maim 1, wherein
said feed mechanism comprises:

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

a second rack mounted on said body and having a column of
teeth extending in parallel with said column of teeth of said
first rack with a space interposed therebetween;

said drive member being a pinion positioned between and engaged
with said first and second racks so that said cylindrical housing
with said first rack is moved in said direction of said axis of said
rotary shaft assembly by rotating said pinioh.
3. A vrotary cutting apparatus as set forth in claim 2, wherein
said motor has an output shaft extending normal to the axis of
said rotary shaft assembly. |
4. A rotary cutting épparatus as set forth in claim 3, wherein

said rotary cutting apparatus comprises a magnetic base having

an electrical magnet; and,

14



[ [ [ It Id- [ d surrounding

i nternediate portion positioned between said leg portions an

sai d pivot negber said |l eg portions each having inner and outer surfaces,
'sai d inner surfacps of said leg portions being spaced away from and facing

each other; s¥idl doatyy hiss mogutael rembesidamiaph siidebaget skh AFHMNEa);d
whi ch said | eg po%tlons are positioned and which slidably engage sal&

outer surfratesyofhafti dskemiplyr is ansvadle e zﬁ@lldnl@oﬁ)éri‘ﬁélhté "!fmdg%l?:‘.jl@ of
menber is movabl € on said plane along said | eg portion sali d fastening

dt@s* d
menber fusehdrr yasha$t emisegqnbby.d | aterally extending thr ough an
threadably engaged with one of said side portions of said guide nenber,

f said
sai d fast chiregabyl cuttinigngpparanneras Wett fartdnth engaged W hBrone o
out er surfacgg oﬁ said | eg portions in such a manner % %en t he

fasteni ng boldaidsmagaeeit baBeuhakts Fvios ﬁl%lﬁ%?r!‘fgviﬂ%’adxgla)’x s ﬁggﬁlgelend

of said fastening 15 bolt urges one of said |leg portion

1y
one of sakd mﬂeajx1§l¢rff§ai1@15rot s fthes Q1 A%yt €9 portion and fina
presses both of lthe |eg portlf))irll% agai nst tllg gt her side portion of said

nber is
ui de menber .saidB6&DYist PetA TH IR BLCs P i 98 S fashening nember
ﬂtened to be fl‘:i’q my 'anaged W th salg'lp?vottp1 %ﬁ% rtﬂﬂg the body is

LgﬁS?I L ngs S o tRty CRARRE ?E?%ﬁ“sﬁf%%ﬂdy cgﬁ%{‘%ﬁigpﬁ%ﬁe“ri%gﬁm y
havi ng anfi@ihg @ Qda%%ﬂif%ﬁ%h&é&r%d angular position about said pivot
| member
6. A rotary! cutting apparatus as set forfh in claim 5 wherein,
saici fastening member has a pair of leg portions and an
intermeidiate portion positioned between saici leg portions and
surroungding 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;
sai@ body has a guide member having side portions between
which sz;:lid 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 said plane along said leg portions;

and,

said fastening member further has a fastening bold laterally
extending through and threadably engaged With one of said side
portions| of said guide member, said fastening bolt having an inner
or tip ernd. 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
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cutting tool coaxial with said axis; and, a feed nmechanism for noving said

cutting tool held by said rotary shaft assenbly along said axis; said .

rotary sha.Lt assenbly conprising: a proximal rotary s_h.aft coaxi a[ with said

axi s, sai dPploRTEAP OneEirspishlgg Ploait bon spwnitiedh brsseiidl badyof oaid ehegdron

about said afxi s and drivingly connected to said notor; a distal rotary

shaft coax?artai%h fé)é’r’ﬁrﬁﬁitg}e odherdieg plortiemrand stiabilpeiregsest ké £l goout
| aid proximal rotary shaft and novable relative to said

said axis ! : 3 L& : :
pr oxi mal sﬁgﬁ ieﬁlwlgaﬁcﬂ&%@t blee wbbe rasi dexp entiech pHsiat il gruMhe hed i bl d
distal rotary shaft has been noved in a direction away from said proximal
rotary sh¥PETERY dheetinderste dimta i portiber aifn sedidd fdissé ain g ohas mbdalil
has been mpved towards said proximal rotary shaft fromsaid extended
posi tion; W8dtaned tadve darmiyuengg gedawiiah v&idh pgiod Membesahdd, thus,
cylindrical housing rotatably holding said distal rotary shaft and novable
16 al ong shelbadivsis dtpeedbsr secuedatal sdidtalagrmitdeybsdaft; said feed
mechani sm conprising: a first rack nounted on said cylindrical housing and
havi ng’ a A:éptiamyd:futttélagmla:paeadmsgcdmppasia{_g:el with said axis of said .
rotary shaft assenbly and facing radially outwardly relative to said axis;
a-second fdekdgecurely nounted on sai d body and havi ng a colum of teeth
extending in parallel with said colum of teeth of said first rack with a
space i ntarpoted mhamndiet vaenaidbddy;
a rotary shaft assembly having an axis and adapted to hold a
cutting tool coaxial with said axis; and,
a feed mechanism for moving said cutting tool held by said rotary
shaft assembly along said axis;
said rotary shaft assembly comprising:

a proximal rotary shaft coaxial with said axis, said proximal
rotary shaft being mounted on said body for rotation about said
axis and drivingly connected to said motor;

a distal rotary shaft coaxial with said axis, said distal rotary
shaft being rotated about said axis by said proximal rotary shaft
and movable relative to said proximal shaft along said axis
between an extended position wherein said distal rotary shaft
has been moved in a direction away from said proximal rotary
shaft and a retracted position wherein said distal rotary shaft
has been moved towards said proximal rotary shaft from said
extended position; and

a cylindrical housing coaxial with said axis, said cylindrical

housing rotatably holding said distal rotary shaft and movable
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a pinion positioned between and engaged with said colums teeth of said
first and second racks. rotary cutting apparatus as set forth in claim7,
wherein said rotary cytting apparatus conprises a_nagnetic base having an
el ectrical ma@HR§ S@Ha axiy gogedher witdunedd distedindtmmgnshiaét;base such
that said raqtary shaft assenbly is novable on a plane normal to said axis
of said @&1§r§%ﬂ?°h%§ém gomMPINSLALY cutting apparatus as set forth in
claim 8, wherein said magnetic base has a pivot nenber having an axis
parallel ;o satdizsd zaek mauntest anysshhicylasdeidalyhossing oty sving a
rot at abl e about_ said pivot nenber and has a fastening nenber for fixing
sai d body at ¢rlyasnr ef teefth sexposdingnin apanalledi diphvekideakes . oflGaifl
rotary cutting apparatus as set forth in claim9 wherein, said fastening
menber has a Jiaryoshaély assembiy and faringntediddy a6 etwardipn-dlasivé aeed
bet ween sai d I;&/por_tions and surrounding said pivot nmenber, said | eg
portions eachs amMgsi nner 17 and outer surfaces, said inner surfaces of
said | eg portions being spaced away from and facing each other; said body

has a gui de nemberecomd nmuck decporelyonsobrtadesn YT b S dah8UMAY hic0RS
are positioned and which slidably engage said outer surfaces of said |eg

portions so tdedumsaicf beeyh wsitedding gui pier aHBDELi 115 AU K1 SRitdcRhane
along said leg portions; and, said fastening nmenber further has a

fast e'_nij ng 3olczf saidfiddtyraektveiih aosp heousiteapd skl EREADb ¥t wBEAYGM Y th one
oT sal S| de

a pinion positioned between and engaged with said columns of
teeth of said first and second racks.
8. Arotary cutting apparatus as set forth in claim 7, wherein
said rotary cutting apparatus comprises a magnetic base having
an electrical magnet; and,
said body is mounted on said magnetic base such that said
rotary shaft assembly is movable on a plane normal to said axis of
said rotary shaft assembly.
9. Arotary cutting apparatus as set forth in claim 8, wherein
said 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 has a
fastening member for fixing said body at a deéired angular position
about said pivot member. |
10. A rotary cutting apparatus as set forth in claim 9 wherein,
said fastening member has a pair of leg portioﬁs and an
ihtermediate portion positioned between said leg portions and

surrounding said pivot member, said leg portions each having inner
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portions of said guide menber, said fastening bolt having an inner or tip
end engaged with one of said outer surfaces of said 1 portions in such a
manner that, when the fastening bolt is rotated about its axis to advance
i nwar dl y, 2Rd prse Bt tfa cosi, o8 4 iak i amiemgs ubf ¢e uinfesaithdegfl poatiblebeing
portions, which has said one of said outer surfaces, towards the other |eg
portion antPRfed|adWyaprfosesabdtfacinhg ehehl@hqortions agai nst the ot her
side portion of said guide nenber, whereby the internediate portion of

sai d fast eni ngsaishterdy shae enegluide hrehibet yhenpaged A blorsa fls Ty ek cBBNDET
and, thus, the body is fixedly secured to said nagnetic base, 11. A rotary
cutting apydahusatbripei pontiors kovy poaitinted mudtwHioR Saidbl9dynedge
rotary shaft assenbly having an axis of rotation and a distal end adapted
to hol d a %id orgeroviriaums af saithlegipbibas sRitdatosald bodyaiwissaeb! v
bei ng mounted on said body such that said rotary shaft assenbly is novable
al ong sai igwids; mamben feealovabbandsnsint plMiahlvad Gyl ﬂ@ﬁ 8ptidied;d by
said rotary 18 shaft assenbly al ong sai d axis; said rotary shaft assenbly
conpri si ngand, proxi mal rotary shaft coaxi al with said axis, said proxinal
rotary shaft being drivingly connected to said notor to be rotated about

said axis and smidabhetetang Banthexi fukde4esd sda Fidien R0SiHd1aM 1
second position, said fiirig? position being closer to nslglf% (ﬂ st a enag1 &

sai d rot arextehafingsbanhigh t4hed 6#ichd 8BPPh PRSLH QRthAHbSEHA s 418 25 Yo
shaft coaxial with said proximl rotary shaft .
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 leg portion 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 quy is fixedly secured to said magnetic base. |
11. Arotary cutting apparatus comprising:
- a body;
a motor mounted on said body;
a rotary shaft assembly having an axis of rotation and a distal end
adapted to hold a cutting tool coaxial with said axis, said rotary
shaft assembly being mounted on said body such that said

rotary shaft assembly is movﬁble along said axis; and,

a feed mechanism for moving said cutting tool held by said rotary
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and adapted to hold said cutting tool, said distal rotary shaft being
rotated about said axis by said proximl rotary shaft and novable relative
to said proximal rotary shaft along said axis between an extended position
wherei n sai d thaftapssemdrly ehehg saidsakésn noved in a direction away from
said proximal rotary shaft and a retracted position wherein said distal
rotary shapid idaryeshafibessenobly ¢onspiibipgoxi mal rotary shaft from said
extended position; and a cylindrical housing rotatably holding said distal
rotary shaft angrosimblleratang sieiff codsidlogdthesaid thkisaishidi prakinat ary
shaft; said feed nmechani smconprising: a first rack nmounted on said
cylindrical hodsiryg sdrafthdbwing adrievdhgln ebnheeitBdexbendiiqy hotda 8b! gl
with and facing radially outwardly relative to said axis a second rack

securel y mounteddted shodtbomtd andshentng o alslel HIon el s4 KB i8Xb AFELRG b
parallel with said colum of teeth wth a space interposed therebetween;

and, 19 a pi first posiiticomesnBetvwsesosdi goedtiomssaid tReLh ﬁ&sﬁ@hﬂ-%"iﬁg
and second racks and engaged with said teeth of said colunms, said rotdry

shaf t assenblojoser roveslidylistalehdedf wasdanitaPy BRAYEAR R i Bly 3GL6H said
position wherein said proximal rotary shaft is in said secordd position and

sai d distal metany pbaitions in said retracted position and an extended
position wherein said proximl rotary shaft is in said first position and

8 o Lt oS PR B ik AL
and adapted to hold said cutting tool, said distal rotary shaft
being rotated about said axis by said proximal 'rotary shaft and
movable relative to said proximal rotary shaft along said axis
between an extended position wherein said distal rotary shaft
has been moved in a direction away from said proximal rotary
shaft and a retracted position wherein said distal rotary shaft
has been moved towards said proximal rotary shaft from said
extended position; and

a cylindrical housing rotatably holding said distal rotary
shaft and movable along said axis together with said distal
rotary shaft;

said feed mechanism comprising:

a first rack mounfed on said cylindrical housing and having a
column of teeth extending in parallel with and facing radially
outwardly relative to said axis

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

with a space interposed therebetween; and,
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said rotary cutting apparatus conprises a gear train positioned between
said notor and said distal rotary shaft; and, said gear train conprises; a
first flat gear coaxial wth and secured connected to said proxi _mal _rotary
shaft; and, a FePsRHOR Rasijienedriptyeeenisdidsesihinsof tbathgeasaid ikt
second flat gear having an_axial |ength to_enabl_e said first flat gear to
keep the engadfieshcomnd raskisjanidr enghiged gdaah sdiehtesth b fpsoid wBluhoh &y Y
shaft is noved between said first and second positions. 13. A rotary
cutting appafatredazy §étaﬁ’toradseimbd:Yaiim Movedebg nssid dfgedt afve 4G
apparatus conprises a magnetic base having an electrical nagnet; said

motor has an ketweenshabtrastedgiongtivar whetoisshdd proRini®l rboha)SIBDAE t:
and, said body is nounted on said nagnetic base such that said rotary

shaft assenblip irs seodabd@md rogitane od nwlidt Qiswildraed sy Sha f5ais0id RLaRY

shaft . assenbly. 20 14. A rotary cutting apparatus as set forth in claim13,
wherein sai d retgaeted hmssthas amd van MeRbeRdbAVipekidtoAXiwhBRE R | @lpigai d
axis of said rotary shaft assenbly; said body is rotatable about said pivot

menber; an satuwbxictal yotatlyi shadppiay ahusafdriibet FOMIdsesnd Eﬁ?&e&‘%ﬁ%l
menber for fixing said body at a desired angul ar position about said pivot
nmember. 15. Aotergryhafl isig sphheatendas] pokifioklh in claim 14 wherein,
said fastening nmenber has a pair of |eg portions and an
12. A rotary cutting apparatus as set forth in claim 11, wherein
said rotary cutting apparatus comprises a gear train positioned
| between said motor and said distal rotary shaft; and,
sald gear train comprises;
| a first flat gear coaxial with and secured connected to said
proximal rotary shaft; and,
a second flat geai- engaged with said first flat gear;
said second flat gear having an axial length to enable said first
flat gear to keep the engagement with said first flat gear when
said prqximal rotary shaft is moved between said first and
second positions.
13. A rotary cutting apparatus as set forth in claim 11, wherein
said rotary cutting apﬁaratus comprises a magnetic base having
an electrical magnet;
sald 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 mofrable on a plane normal to said axis of

said rotary shaft assembly.
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i nternediate portion positioned between said | eg portions and surrounding
-sai d pivot nmenber, said |leg portions each having inner and outer surfaces,
said inner surfaces of said leg portions being spaced away from and facing
each olther ;Agataryomitiing appardéuseadee thiowithgirs icdeinol 8| avke peimeen

which said leg portions are positioned and which slidablyengage said outer
surfaces of $aild magmetic base svas rapisat dneadlye nilidvite amguixde pRAHEC] S
novabl e on said plane along said | eg portions; and, said fastening nenber
further hbe saiflaaximpfigaid votaueshlaly assembdyng through and threadably
engaged wi th one of said side_ portions of said guide menber, said

fasteni ng bolseidavedy isnrétaterbler abbpteswidepiuoednvidiesngnaf sai d outer
surfaces of said | portions in such a nanner that, when the fastening bolt
is rotated &Badt rotsraxcuttingdappaeatneafdiyhet heotipriess af fastning
fastening bolt urges one of said leg portions, which has said one of said
outer sunfember foovkixingtswidobbdy deg dewiriodnaapdlhi- R dividh adsast Bty of
the leg portions against the other side portion of said guide nenber,

wher eby thevéthieemddirat e portion of said fastening nmenber is tightened to
be firmy engaged with said pivot nenber and, thus, the body is fixedly

secur €.t o Ssadtharpguttinghaspardbus A ebarmsrEHtitd B BRAPHY &L H rEPgPrising: a
base for fastening said rotary cutting apparatus at a desire posi tion;

and, a body neaidefastenhig Besabaind KA $lalg: ofa] tgbrfﬁg:’-ﬂ‘é egdn@n Sgi d
body; a rotary shaft assenbly having an axis of rotatTonh an
intermediate portion positioned between said leg portions and
surrounding sa.id 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 haviﬁg 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 said plane aiong said leg portions;
and,
said fastening member further has a fastening bold 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 leg portion and finally presses both of

the leg portions against the other side portion of said guide member,
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adapted to hold a cutting tool coaxial with said axis; and, a feed

mecﬁani sm for noving saig cutting tool held by said rotary shaft assenbly
along said axis; said rotary shaft assenmbly conprising: a proximal rotary
shaft coaxVherabyh thei dndersye it moxbionalofr ehady fabedhidei Ak by Rgl Yy
connected to said notor to be rotated about said axis; a distal rotary
shaft coaxightoned taile fixmilyeéngagadywishaididapdvatanteths 4104 dtnid
cutting tool, said distal rotary shaft being rotated about said axis by
sai d proxithed bodyt ks fixendiiyt seodredviabbeid ehaignegit Gaai.d proxi ml rotary
shaft al ong said axis between an extended position wherein said distal
rot ar yl Ghéaftotieey bubtinpegpdmtagicoaniiieingnay from said proximal rotary
shaft and a retracted position wherein said distal rotary shaft has been

moved t owar igsesfioxl fastheinimlg rsatidr yoshadt cfitoim s ok sp 8¥hended ¢ PRSHbkpps g and
a cylindrical housing rotatably holding said distal rotary shaft and
nmovabl e al ong pewiiticaxi andgget her with said distal 22 rotary shaft; said
body bei ng novable in parallel with said axis; said feed nechanism

conpri si ng:bady metntadkonkiidedage $AH%EMpirigidgal housing and having a
colmtjrm OP@teet}L extending in parallel with Said aéls of said rotary shaft

assermbly and faahbgor adbahltydoghvedid Yodshative to said axis of said
rotary shaft assenbly; a second rack seclrely nounted on said base and
having a col uumrotatpeshadst andiegbly RIVAh 2 Gki§21F GQlLYT, Of JLepth
adapted to holdi a cutting tool coaxial with said axis; and,
a feed mechanism for moving said cutting tool held by said
rotary shaft assembly along said axis;
said rotary shaft assembly comprising:

a proximal rotary shaft coaxial with said axis, said
proximal rotary shaft being drivingly connected to said
motor to be rotated about said axis;

o a distal rotary shaft 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 movable relative to said proximal rotary
shaft along said axis between an ‘extexided position wherein
said distal rotary shaft has been moved in a direction away
from said proximal rotary shaft and a retracted position
wherein said distal rotary shaft has been moved towards
said proximal rotary shaft from said extended position; and

a cylindrical housing rotatably holding said distal rotary

shaft and movable along said axis together with said distal
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with a space interposed therebetween, and, a pinion positioned between and
engaged with said colums of teeth of said first and second racks. 17. A
rotary cutting apparatus as set forth in claim16, wherein said rotary .
cutting apparat uBokRripsibadd: a magnetic base having an electrical nagnet;
said notor having an output shaft extending normal to said rotary shaft
assenbl y; Sah@',—bcsfgycbetimym@vmblmﬁadpmnalslaﬂdzvhﬁgrsatidCaiaﬁse such that said
rotary shaft assenbly i's novable on a plane normal to said axis of said
rotary sh&piddeedniochasism campmisingt i ng apparatus as set forth in claim
17, wherein said magnetic base has a pivot nenber having an axis parall el

to said axis ofa éhisd raxdlamyoanabd oasenidl vilisaldchD ol sidPhalER8 130yt
said pivot nmenber and has a fastening nenber for fixing sai guﬁogy a’%oa

desired angulcaluposi of ofee tdb@iitestd ih i ¥Otp ABIMET - with SiPtAEY G4t L
appar-at us gs set itl[1“[)]?)rth in claiml18 vx/nereir?, 23 said tastenlng rre‘r?oer hgs a

pai 1 of Ieg mothirprshafidaasen Blyeiriliaben PUidd a3l 9PALl, BELERTL 531 0

| eg portions and surrounding said pivot nmenber, said |l eg porfions ea

havi ng inner saadda»ig of sl fesry sRiadt i JNRIMBYWf aces of said | eg portions
bei ngg spaced away from and faci r?rg each ot her; Elfsral d body has a gui de nenber

havi ng side porta eesobel waek sebugbly ahdufiePeht EQF‘& 34 §e %&tﬁgg§€ﬁ:€d

whi ch slidably engage said outer surfaces of sal eg portions so

sai d body w eblatmn ofuisisthrexehdis g HUa198] SAth BAATSTLANE AL LSt O
portions: with a space interposed therebetween; and,
a pinion positioned between and engaged with said columns
of teeth of said first and second racks.
17. A rotary cutting apparatus as set forth in claim 16, wherein
said rotary cutting apparatus comprises a magnetic base having’

an electrical magnet;

said motor having an output shaft extending normal to said
rotary shaft assembly; and, |
said body is mounted on said magnetic base such that said

rotary shaft assem_bly’ is movable on a plane normal to said axis of

said rotary shaft assembly.
18. A rotary cutting apﬁaratus as set forth in claim 17, wherein
said 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 has a

fastening member for fixing said body at a desired angular position

about said pivot member.

19. A rotary cutting apparatus as set forth in claim 18 wherein,
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, said fastening nenber further has a fasteni'ng bold laterally _
gggéndi ng t hrough gnd threadably engaged with one of said side portions Sf
sai d guide menmber, said fastening bolt having an inner or tip end engage
with one of sdigddodfpeteningageendiesahds| @g paiar tifoleg Hoxehnd FWMELn
that, when the fastening bolt is rotated about its axis to advance
i nwar dl y, iHermediante goxtdbd frastieiomed beltivasgesaRieldd §&k okl and
portions, which has said one of said outer surfaces, towards the other |eg

i rionvett din psesd axiviodt in coh bekheal & e 85611968 s 20 W Ha ik BLHE
gioglteI ggr?irﬂgln of sa?ndg)gui de nenber, whereby tﬁe i nt er medi at e portion o?
sai d fast énhpwinbeurifsces; ghtidnathées ierfoicedl ¥f RAAIRL %6ﬁ,i§ﬁgdb8if{gz

menber and, thus, the body is fixedly secured to said nmagnetic base.

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
sald outer surfaces of said leg portions so that said body with the
guide member is movable on said plane along said leg portions:
and,

said fastening member further has a fastening bold 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 sa.id 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 leg portion 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 is fixedly secured to said magnetic base.
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