06 FEB 2004 HI GH SPEED- PERFORATI NG APPARATUS BACKGROUND OF THE | NVENTI ON
Field of the invention: The present invention relates to a high speed-
perforating apparatus which bores annular holes in a mterial to be
perforated conprising a concrete structure at high speed, for exanple,
when anchors and the like are set up for the post-construction of the
concrete structure. The present specification is based og g@??gﬁse pat ent
applications (No. HEl 11-301753, HET 2000- 049943, HEl 2 8 - 035) and the

rel at ed_ A0 oS B Eho kKR RA T SRR R o concreto, the
follow ng nmethod is known: first, a hole having a large size is nmade in

the wall to provide an opening; next, a brace (diagonal brace) made of
iron is provided in _the Kg(g&r&n t hus made; and_then the brace and anchors

di sposed in-the i nwaBéCE) BLR& G?HimellweE.N@Ierﬂ consol i dat ed

wth concrete, to thereby strengthen all over wall. In this case, each
anchor i %%%i%(ﬂlﬁ%lavkﬂﬂéloﬁ'rranged in the inward peripheral face and

set up therein. The hole for setting up an anchor is forned by using 1
e present invention relates to a high “speed-

perforating apparatus which bores annular holes in a
material to be perforated comprising a concrete structure
at high speed, for example, when anchors and the like are
set up for the post-construction of the concrete structure.

The present specification is based on Japanese
patent applications (No. HEI 11-301753, HEI 2000-049943,
HEI 2000-176035) and the contents of these applications

are incorporated herein.

Description of the Related Art:

For strengthening an existing wall made of concrete,
the following method is known: first, a hole having a large
size 1s made in the wall to provide an opening; next, a
brace (diagonal brace) made of iron is provided 1n the
opening thus made; and then the brace and anchors
disposed in.the inward peripheral face of the opening are
consolidated with concrete, to thereby strengthen all over
wall. In this case, each anchor is received in a hole
arranged in the inward peripheral face and set up therein.

The hole for setting up an anchor is formed by using
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| bit 80a conposed of dianond tip, cenented carbide tip or the |ike

6 FEB 2004 an apparatus which conprises a core bit 80 having an

annul ar

n the

end of a cylindrical nenber, and a notor 81 for rotating the core bit 80

around the axis thereof, as shown in Fig.9. Nanely, a core 83 having a

columar shape is fornmed by rotating the bit 80a prOVidighéﬁ%i@? end of
0

the core bit 80 while the bit 80a is pressed against a

82 to be

perforated therein, followed by pulling out the core bit 80 fromthe
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t hrough whi ch the cor b}t 80 is rotated- In ?3dition, t he_apparatus has a
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has proELens in that the nu r of revolution is as |low as about 1500r pm
even at &ﬁe§ﬂgeﬂsaﬁhoéyﬂa&¢ h&n¥imber of revolution is a degree of 3000

to 3900

rpm ev i n the
P Name y, a core 83 having a columnar shape is

formed by rotating the bit 80a provided in the end of the
core bit 80 while the bit 80a is pressed against a concrete
82 to be perforated therein, followed by pulling out the
core bit 80 from the inside of the concrete 82.

Then, the core 83 left in the inside of the concrete
82 is pulled out after breaking off the root thereof,
whereby a hole having, for example, a degree of size-a
diameter of 20 to 35 mm and a depth of 200mm is formed
for setting up an anchor.

In the above-mentioned apparatus, the motor 81 is
heavy and lack of easy handling as in engines oil-
hydraulic motors, or the like, because the motor 81
comprises gears through which the core bit 80 i1s rotated.
In addition, the apparatus has a problem in generating a
big noise (more than 90 dB). Further the apparatus has
problems i1n that the number of revolution is as low as
about 1500rpm even at high speed and a maximum number
of revolution is a degree of 3000 to 3900 rpm even in the

case of special electric motors, whereby it takes a long



case of special electric notors, whereby it takes a long 2 06 FEB 2004 tinme
to perforate. Utrasonic perforating apparatus which perforate by
ultrasonics can perforate with a conparatively low noise and on the other
hand the perforating speed thereof 1is slow, to thereby take a long tinme to
perforate as in the case of the above-nentioned apparatus having a notor.
Though a perforating tinme can be shortened by thinning the§dEgipg edge

t hi ckness of the bit 80a of the core bit 80, there is a problemin that a
t ool Ioaghh@pgﬁegerqgr%q%_bit 80a is increased and a force directed to a
perforating direction (normal force) is increased, both due to thinning
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case of the above-mentioned apparatus having a motor.
Though a perforating time can be shortened by
thinning the cutting edge thickness of the bit 80a of the
g g g
core bit 80, there is a problem in that a tool load 1mposed
on the bit 80a is increased and a force directed to a
perforating direction (normal force) is increased, both due

to thinning the cutting edge thickness, to thereby bring

out the buckling of the core bit 80.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a high-speed perforating apparatus which can
perforates within a short time at a high revolution without
buckling a core bit attached thereto, accompanied by a low
noise. _

The high-speed perforating apparatus of the
present invention comprises a cylindrical core bit having a
bit for boring an annular hole in a material to be
perforated and a motor having a cylindrical stator

disposed around the outer periphery of a cylindrical rotor



perforated and a notor having a cylindrical stator disposed around the
outer periphery of a cylindrical rotor 3 06 FEB 2004 into and through
which a rotary shaft is inserted and to which the sanme is fixed, wherein
the core bit is directly attached to the rotary shaft of the notor wthout
transm ssi on neans such as gear, belt or the like and is directly rotated
at high speed by the notor. Accordingly, in the high-speeflgd€Bfigati ng
apparatus of the present invention, a perforating speed can be greatly
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Accordingly, in the high-speed perforating
apparatus of the present invention, a perforating speed
can be greatly increased, as compared with the
conventional apparatus which perforates at low speed.
Thereby, working for perforation can be rapidly
carried out to shorten terms for various construction
works having perforating works.
Further, in the high-speed perforating apparatus of
the present invention, noise can be greatly reduced (about
70 dB) and as the number of parts are small, labors
necessary for maintenance works can be greatly reduced,
as compared with engines, oil-hydraulic motors and
electric motors having gears.
As mentioned above, a tool load imposed on a bit can
be decreased by rotating a core bit at high speed, whereby
¢ven when the cutting edege thickness of the bit is thin, a
normal forece which is directed to a perforating direction
can be small, perforation can be smoothly carried out
without troubles such as buckling while always

maintaining a good cutting performance, and a perforating



normal force which is directed to a perforating direction can be small,
perforation can be snmoothly carried out wthout troubles such as buckling
while always nmaintaining a good cutting performance, and a perforating 4 0
6 FEB 2004 time can be reduced. The nethod for a high-speed perforation of
the present invention conprises the steps of: providing for a notor
having a cylindrical rotor into and through which a rota[wpghﬂ?{mf S
inserted and to which the sanme is fixed and having a cylindrical stator
di sposed around thg out Sr ptfri phery of the cylindrical rotor; attaching
direct|ytiBet4anbear§daefHd. of the notor a cylindrical core bit having a
bit for boring an annular hole in a material to be perforated w thout
transm ssion nmeass® sieathedgefer wel highrspediper figmt pdg tdieect | y
the core bit at high speed by rotating the rotary shaft, to thereby bore a
hol e in PHE s et el WP Nitd oe qeanfporistessd thiq s tteres bo f:. pAocordimgl fqr aa
perforating speed can be greatly increased, as conpared with the
convent i datopehpaoriag riy cydenibad cadlr riode rolm tat a helvtdpeadg hvwer ety , a wor ki ng
for perforation can be rapidly carried out to shorten terns for various
const r uctioda r yvshief thasiims eet ¢ dranidngowshkish the same is fixed and

having a cylindrical stator disposed around the outer

periphery of the cylindrical rotor; attaching directly to

the rotary shaft of the motor a cylindrical core bit having

a bit for boring an annular hole in a material to be

perforated without transmission means such as gear, belt

or the like; and rotating directly the core bit at high speed

by rotating the rotary shaft, to thereby bore a hole in the

material to be perforated with the bit.

Accordingly, a perforating speed can be greatly
increased, as compared with the conventional perforating
method carried out at low speed.

Whereby, working for perforation can be rapidly
carried out to shorten terms for various construction
works having perforating works.

Further, in the method for a high-speed
perforation of the present invention, noise can be greatly
reduced (about 70 dB) and as the number of parts are
small, labors necessary for mainténance works can be

greatly reduced, as compared with engines, oil-hydraulic

motors and electric motors having gears.



Further, in the nethod for a high-speed perforation of the present

i nvention, noise can be greatly reduced (about 70 dB) and as the nunber of
parts are small, |abors necessary for naintenance works can be greatly
reduced, as conpared with engines, oil-hydraulic notors and electric
notors having gears 6 0 6 F E B 2004 As nentioned above, a tool | oad

i nposed on a bit can be decreased by rotating a core biltb B igh speed,
whereby even when a bit having a thin cutting edge thickness is wused, a

nornal force whj i j e a forafing: ..di i : [,
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vi ew of S.dir ct _notor ibllustra{i ng_a sftructt.ure of direct notor vYnich IS
used fordirection can e small, “perforation” can be smoothly
carried out without troubles such as buckling while always
maintaining a good cutting performance and a perforating

time can be reduced.

BRIEF DESCRIPTION OF THE DRAWING

Fig.1 is a side view of a high-speed perforating
apparatus showing an example of the high-speed
perforating apparatus of the present invention.

Fig.2 is a sectional view illustrating a structure of
direct motor which is used for the high-speed perforating
apparatus of the present invention.

Fig.3 is a cross-sectional view of a direct motor
illustrating a structure of direct motor which is used for
the high-speed perforating apparatus of the present
invention.

Fig.4 is a table showing perforating times and noise
when a hole is bored in concrete.

Fig.5 1s a graph showing the p-er'formance of a direct
motor which is used in the method for a high-speed

perforation of the present invention.



t he hi gh-speed perforating apparatus of the present invention. Fig.4is a
tabl e showi ng perforating tinmes and noise when a hole is bored in
concrete. Fig.5 is a graph showi ng the performance of a direct notor which
is used in the method for a high-speed perforation of the present
I nvention. 6 06 FEB 2004 Fig.6 is a graph show ng the performnce of a
direct motor which is used in the method for a high-speBd FEBdior ati on of
the present invention. Fig.7 is a table showi ng perforating tinmes, noise
and cutting efficiency when a hole is borg&lE i n concrete. Ffjg.(g,is a graph
showi ng the reskitgs6dP eB¥apdt sted Wamdt it&e Ridi OB apeie Gfadi Shr ¢St carried
out using bits having different cutting edge thi cj}éqr;ess. Filg.9 is a
secti onam et el iwhashr ats ng e dev utber emedrhefe Ignvanthbehrsp&&drati ng
appar atus. DESCRI_PTI ON OF PREFERRED EMBODI MENTS The hi gh-speed perforating
appar at up eaflogigd 10y @fehh e prernd wh invelBdepnbed i n detail hereunder,
referring to drawings. In Figs.1 and 2, a synbol | shows a hi gh-speed
perforating apptatlsiand &adykthos he vehogs p# idiorectimpt bymes, noise

and cutting efficiency when a hole is bored in concrete.

Fig.8 is a graph showing the results of test for
perforation when the perforation is carried out using bits
having different cutting edge thickness.

Fig.9 1s a sectional view 1llustrating the structure

of the conventional perforating apparatus.

DESCRIPTION OF PREFERRED EMBODIMENTS

The high-speed perforating apparatus of the
present invention is described in detail hereunder,
referring to drawings.

In Figs.1 and 2, a symbol 1 shows a high-speed
perforating apparatus and a symbol 2 shows a direct motor
composing the high-speed perforating apparatus 1. The
high-speed perforating apparatus 1 has the following
construction: the direct motor 2 18 supported through an
up and down-moving means b hy a column'4 which 1s
attached to a base 3 such that the column stands on the
base; and the direct motor 2 can be moved along the
column 4 by moving the up and down-moving means 5.

The direct motor 2 comprises a rotary shaft 11
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integrally provided in the head end portion of a tube 14
having a hollow shape and in the circumferential direction
thereof.

Namely, the direct motof 2 is a type of direct motor
wherein the core bit 13 1s directly rotated which is a tool
connected directly to the rotary shaft 11.

The core bit 13 comprises a bit 15 disposed in the
end of the tube 14 and composed of a diamond tool which 1s
produced by consolidating cemented carbides or super-
abrasives (diamond abrasive grains, CBN abrasive grains)
with binders such as metal bond, resin bond or the like. A
concrete C can be perforated and a columnar core can be
formed by rotating the core bit.

A core bit 13 having an outer diameter of up to
40mm can be used and preferable is an outer diameter of
15 to 30 mm. With regard to the cutting edge thickness of
the bit 15, a thickness of less than 2.0 mm can be used and
preferable 1s 1.8 mm.

The direct motor 2 comprises; a rotor 17 into and

through which a rotary shaft 11 is inserted and to which



wi th binders such as netal bond, resin bond or the like. A concrete C can
be perforated and a columar core can be. formed by rotating the core bit.
A core bit 13 having an outer dianmeter of up to 40mm can be used and
preferable is an outer dianmeter of 15 to 30 nm Wth regard to the cutting
edge thickness of the bit 15, a thickness of |ess than ﬁ.ﬁm&an be used
and preferable is 1.8 mm The direct notor 2 conpri ses; r 17 into and
t hrough which a rotary shaft 11 is inserted and to which 8 06 FEB 2004 the
same is iptegrally fixed; and stator, 18 having a  cylindrical shape
disposedtBﬁommtehel%u!@rteﬁé'railgﬁerfyxéid; t%sr&o%tawrmﬂgrémvwaq f the
rotor and stator are _disposed in a housing, 16 of the notor. The rotary
shaft 11cydindgdcedd sirapeaddsprseshmenundsidhiei aytrsl eeripheorwealin the
center of the rotor 17 and is integrally fixed to the rotor by
press-i nsbet imatont & %,hev hiemedmt ihgtholod thwe netemowrn dnstiagod, ane stator
18 conprises magnets M di sposed at sone spaces in the circunferential
di recti odispd edlkias & madsiofg deslf thecmaterdi sposed between the
magnets M and su%port the magnets Min a prescribed position.
The rotary shaft 11 is inserted into and through an
inserting hole 17a formed in the center of the rotor 17 and
is integrally fixed to the rotor by press-inserting into the
inserting hole 17a.
As shown in Fig.3, the stator 18 comprises magnets
M disposed at some spaces in the circumferential direction
and yokes Y made of steel which are disposed between the
magnets M and support the magnets M in a prescribed
position.
Bearings 19a and 19b are provided in the insides of
the upper wall portion 16a and the under wall portion 16b
of the housing 16 for supporting the rotor 17 in such a
manner that the rotor 17 can be freely rotated. That is, the
bearings 19a and 19b are provided to have such a
construction that the bearings can support each vicinity of
the upper and under portions of the rotary shaft 11 which
is inserted into and through the center of the rotor 17 and
can receive thrust and radial forces imposed upon the
rotary shaft 11 and the roter 17 into and through which
the rotary shaft 11 is inserted.

A rotary joint 21 is provided in the back end portion



Bearings 19a and 19b are provided in the insides of the upper wall portion
16a and the under wall portion 16b of the housing 16 for supporting the
rotor 17 in such a nmanner that the rotor 17 can be freely rotated. That

is, the bearings 19a and 19b are provided to have such a construction

that the bearings can support each vicinity of the uppﬁrrﬂndmunder
portions of the rotary shaft 11 which is inserted into Srfa Bt mough t he

center of the rotor 17 and can receive thrust and radial forces inposed
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I's connected to the through hole 1l1a of the center.  of the rotary shaft 11
and is opepddned thdsirddatabhe andatyapadnsealed. A tube 24 is connected
to an opening 23 which is opened in the above-nentioned side and, a cooling
water is suppl Jedtheomtaeytigdatod]l mdlesolling ddt &y IaAmRAdi W Kigh) i ed

fromthe tube
is connected to the through hole 11a of the center of the

rotary shaft 11 and is opened to the side of the rotary joint
21. A tube 24 is connected to an opening 23 which 1s
opened in the above-mentioned side and a cooling water is
supplied from the tube 24.

The cooling water which is supplied from the tube
24 to the flow line 22 of the rotary joint 21 passes the flow
line 22 of the rotary joint 21 and then 1s introduced into
the through hole 11a of the rotary shaft 11, and after that,
is introduced into the tube 14 of the core bit 13 connected
to the head end portion of the rotary shaft 11 by aid of the
adapter 12, thereby cooling a portion which is perforated
by the bit 15.

In the rotary joint 21, a setting screw 31 is formed
in the back end portion thereof and a cap 32 1s screw-
clamped to the setting screw 31. An inserting hole 34 is
formed in the center of the cap 32. Further, in the rotary
joint 21, a connecting hole 35 is formed which connects the
inserting hole 34 of the cap 32 and the through hole 11a of

the rotary shaft 11. And an extruding bar 36 is inserted
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for refurther, Hoad hendd &t elet ol ater Kbusi e ollg nigy fraon a2 Bngs
provided in the head end portion of the rotary shaft 11,
and air 1s introduced into the housing 16 from an inlet 27
formed hlthe head end side of the housing 16 by rotating
the rotary shaft 11 rand is sprayed to the inside of the
direct motor 2. Then, air 1s introduced a gap between the
stator 18 and the rotor 17 and a vacant space between the
magnets M and yokes Y of the stator 18 and the housing 16,
followed by being exhausted to the cutside from an outlet
28 which is formed in the upper wall portion 16a of the
housing 16.

A symbol 25 is a brush disposed in the
circumferential direction of the rotary shaft 11 in such a
manner that the brush contacts the rotary shaft 11 1n the
upper side of the inside of the housing 16 of the direct
motor 2, and a driving current 1s supplied from the brush
256.

As the magnet hi of the stator 18, high-density
rare-earth magnets such as :neod&mﬁun1- iron * boron
magnets or samarium * cobalt magnets are used which have

a maximum magnetic energy product far higher than

11
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the rotary shaft 11 and is sprayed to the inside of the direct notor 2.
Then, air is introduced a gap between the stator 18 and the rotor 17 and a
vacant space between the nmagnets M and yokes Y of the stator 18 and the
housi ng 16, followed by being exhausted to the outside froman outlet 28
which is forned in the upper wall portion 16a of the housing 16. A synbol
25 is a brush disposed in the circunferential di rect i on0&fFEBHBr ot ary
shaft 11 in such a manner that the brush contacts the rotary shaft 11 in

the upp jde of t inside of t Qusi ng %56 f, i t.he di t 2, and
a drivi ngé{:ﬁlrt?eent Flsi]gﬂﬁgléi ed018-romhfielhrt(;l rush gﬂf\s?tst he%rrgg‘rglie]t I\N/I%or?éthe
stator 18, high;densi rarg-earth magnets such as neodym um iron boron
magnet s opn %%F li% d

1%‘?‘_ baff rmagnets are used which have a maxinum magnetic
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magnet s %Ar%rsehpersogir%eo cirns tchaenS aet %rseltis. aInnfj addition, in the above-
example, the magnets M are provided in the stator 18 and
the coil isrprovided in the rotor 17. However, the coil can
be provided in the stator 18 and the magnets can be
provided in the rotor 17, or both of the rotor and stator can
be coils.
Next, a case is explained hereunder, wherein a hole
is bored in a concrete C to be perforated using a high
speed-perforating apparatus 1 having the above-
mentioned construction.
First, the direct motor 2 disposed in the upper side
of the column 4 is adjusted to have such a position that an
axis of the rotary shaft 11 coincides with a prescribed
position to be perforated in the concrete C, followed by
fixing the base 3 to the concrete C.
After setting the high speed-perforating apparatus
1 on the concrete C as mentioned above, the coil of the
rotor 17 (or the stator 18) of the motor 2 is turned on
electricity to rotate the rofor 17 at a high speed which is

about 4000 rpm or more together with supplying a cooling

water through the tube 24 from an apparatus for supplying
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the coil is provided in the rotor 17. However, the coil can be provided in
the stator 18 and the magnets can be provided in the rotor 17, or both of
the rotor and stator can be coils Next, a case is explained hereunder,
wherein a hole is bored in a concrete Cto be perforated using a high
speed-perforating apparatus | having the above- nentlon qiﬁgfﬁfruction.
First, the direct notor 2 disposed in the upper side B um 4 is
adj usted to have such a position that an axis of the rotary shaft 11
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speed- pe{rﬁ]opia%gng apparatus 1 on the concrete C as nentioned above t he
coil of t otor 17 (or the stator 18) of the notor 2 is turned on
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concrete C by moving the direct motor 2 downward with
the moving means 5. An annular hole H is bored in the
concrete C by the bit 15 which is rotated at high speed,
following the above-mentioned process.

After the annular hole H is bored to a prescribed
depth, the motor 2 is moved upward to take out the bit 15
from the hole H, followed by removing the core formed in
the center of the hole, to thereby form an anchor hole.

In a case where the core 1s left in the core bit 13
when the bit 15 1s taken out from the hole H by moving the
direct motor 2 upward, the extruding bar 36 is extruded to
the head end portion thereof, thereby to enable to quite
easily extrude the core left in the inside of the core bit 13
from the end side of the core bit 13.

According to the direct motor 2 having a
construction mentioned above, the core bit 13 attached to
the rotary shaft 11 is directly rotated by rotating the
rotary shaft 11 without the aid of transmission means such
as gear, belt and so on, with the result that the

transmission loss can be removed and the perforating
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rotary shaft 11 is pressed against the surface of the concrete C by noving
the direct notor 2 downward with the noving neans 5. An annular hole His
bored in the <concrete C by the bit 15 which is rotated at hi gh speed,

foll owi ng the above-nenti oned process. After the annular hole His bored to
a prescribed depth, the notor 2 is noved upward to take P?EEE@@ bit 15
fromthe hole H followed by renoving the core forned in %ter of the
hole, to thereby forman anchor hole. In a case where the core is left in

the core, 3} 11§tu‘§/”§ nt B Ry n1]a5tﬁ§1i€gr6§§gulbgf ex%quhgqghpd %«!E‘hglﬁt@ﬂ” ng the

direct mo 2 upwar the extrudin head end

portion 5@9688%(01? %'8‘?{ SRt H %???glsel?%l%[‘g]t aleés:thgt}g%(}{aﬁg ihPgeG e |eft

in the inside he core Dbi rom end s core bit 13.

core bi 1785 s AR SRIERs "Fh b p BN 5%"%1‘{?9 14 recfﬁg?ﬁtg{ ERg o
A Steg??"%;ef her 84t ins %f*llﬁ”he% %eﬁ'g? o} 'hZé iy ran %%Leﬁ?or?ﬁ%issﬁéﬂ be
and be. ngag dTEHFE ERERRE %scgﬁngs& AL O kb G
ther eby |r]creaslqamely, as the bit 15 arranged in the head end
portion of the core bit 13 is rotated by the direct motor 2,
the rotary shaft 11 of which directly provides a rotating
force to the core bit 13, the bit is rotated at a quite high
speed (4000rpm or more), to thereby enable to provide a
quite high circumferential speed to the bit 15. That 1s, as
the bit 15 can be rotated at high speed as mentioned above,
a tool load on the bit 15 can be reduced, whereby a normal
force can be reduced which is loaded to a perforating
direction and a perforating time can be decreased even
when the cutting edge thickness of the bit 15 is as thin as
less than 2mm.

Furthermore, as magnets provided to any one of the
rotor 17 and the stator 18 are high-density rare-earth
magnets such as neodymium -+ iron * boron magnets or
samarium - cobalt magnets, the rotor 17 or the stator 18
can be miniaturized, to thereby enable to attain a further
miniaturization and light-weight thereof.

The rigidity of the apparatus can be greatly

increased over the whole as an integration is provide in
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t he conveni ence in handling thereof, and that, the run out of the rotary
shaft 11 can be mnimzed. Further, noise generated therefromcan be
decrease to a minimumlevel. Nanmely, as the bit 15 arranged in the head end
portion of the core bit 13 is rotated by the direct notor 2, the rotary
shaft 11 of which directly provides a rotating force to the core bit 13,
the bit is rotated at a quite high speed (4000rpm or nol @fEB2W t her eby
enable to provide a quite high circunferential speed to the bit 15. That

oo S b BB ESHRCLRA PR PR £F TR e lpvreg o 00
decr eascidgen P Lds CREREC PR 15 Whi B EET S REL ' SR TeR T n°as
and the OtalBP 18°hrel fi b AT Fif B8 hugr R SR iR TGy i om -
Stator 160 CARTRD i APYF God0 T 7 L0 by LAt g AR eR g POfhar
T e g S T By T e b o S BB 53
FEB 209-.143 compared with the conventional perforating method
which is carried out at low speed using the conventional
perforating apparatus.

Thereby, work for perforation can be rapidly carried
out to shorten terms for various construction works having
perforating works.

Furthermore, n‘oise can be greatly reduced (about 70
dB) and as the number of parts are small, labors necessary
for maintenance works can be greatly reduced, as
compared with the cases where engines, oil-hydraulic
motors and motors having gears are used.

Still further, as the through hole 11a is formed in
the center of the rotary shaft 11, a cooling water or cooling
air can be supplied from the back end portion of the rotary
shaft 11 to the bit 15 which is an edge of cutter of the core
bit 13 to enable to carry out an excellent perforation.

Yet further, the core bit 13 can be easily exchanged
for a core bit having a different diameter by attaching and

detaching the core bit 13 by aid of the adapter 12, to

thereby enable to easily carry out maintenance works such
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such a manner that the rotary shaft 11 is press-inserted into the
inserting-hole 17a which is forned in the center of the rotor 17 to
directly fix the rotary shaft to the rotor, to thereby enable to forma
hole by rotating the core bit 13 at high speed and to greatly increase a
perforating speed as conpared with the conventi onal erfﬁ zt gﬁg thod
which is carried out at | ow speed using the conventi onal é ﬁﬁ tin
apparatus. Thereby, work for perforatlon can be rapidly carried out to

shorten Le" PRef 8L YTk 0% PURS! LG @9, “PBkenhayhng, c ek Loren bng ks

Furt her nbre oi Sé can~be great uced" (al as the nunber

f t t tl

P educed e BETiETY JGRE RETnET o abadi kb, "d: KRR Corel M ERT R g Pel
d t R h h [

formed | % sﬁ%ﬁ%%agvifrSfaar{ﬁet’fte?grrytlwafw 1 h! nééem%t%?gorfpé’%n& ng

air can be supplied fromthe ba&ﬁend olritlo Cthe rotarg Vsahraift S’tho

the bit ‘i%%q@ﬂ‘”?ga V2GR USE CARYEE of YBe c?’olrek 0

&nabl'e” t o
carry out,an excellent perforation. Yet further, the core bit 13 can be
easily eXPRMYEd for a core bit having a different dianmeter by attaching
and detaching the core bit 13 by aid of the adapter 12, to thereby enable
to easily carry out maintenance works such

EXAMPLES
Test examples of a high speed-perforating method
are explained hereunder, wherein the direct motor 2

mentioned above is used.

Test example 1:

Perforating times and noise were measured when
annular holes H having a depth of 150 mm and a diameter
of 25 mm were formed in a concrete C by rotating a bit 15
comprising a diamond tool at low speed and high speed
with a direct motor 2, the results of which are shown in
Fig. 4.

As shown in Fig.4, it was found that when carried
cut at high rotational speed, the perforating times
decreased to the extent of about a half, as compared with
low rotational speed, With regard to noise, it was found to
be the level of 70dB regardless of a .Spéed which is high or
low.

Figs.5 and 6 show the performance of a direct motor
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15 0 6 FEB 2004 as the exchange of the core bit 13 and to increase the work
efficiency thereof. In addition, as the core bit 13 is exchangeable, any
bit for the bit 15 can be selected from ones having various cutting edge

t hi ckness and various shapes. EXAMPLES Test exanples of a high
speed-perforating method are expl ai ned hereunder, wherein the direct notor
2 nentioned above is used. Test exanple 1: Perforating ﬂ}&éBBﬁmp noi se
wer e nmeasured when annular holes H having a depth of 150 mm and a di aneter

of 25 mreéorn&%n a con retetC b% rofating a bit 15 conprising a
di anond €odi®%t o FF SHRA Nt YRt SERPPY th a direct notor 2, the

results of which.arg shown in ., Fig. 4..As show in Fig.4, it was,found that
when carri ed oEl’gag i wrsot%\][‘?o%a‘?s'éb%%dp?t ﬁ@epeFf’c?%étiWJ’?Wreéow
decreased to .the tent qf about a half, . as corrpeire with |Jow rotational
speed. WPh3egRH 1P rofsd apt @ logiid FheBelpad | WA o :

regardl e of . a.speed which i hi r low Figs.5 d .6 show t he
pe?fornaiﬁ@‘@f sgo&\rﬁe@genﬁ%p?ts c()JP t%e cases where rlgh rotational

speed was employed when load was imposed.

As 1s clear from Fig.5, in the case of low speed
(about 3000rpm), torque was a degree of about 1 Nm and as
is clear from Fig.6, in the case of high speed (about
6000rpm), torque was a degree of about 0.7Nm.

Accordingly, 1t was found that when holes H were
formed at high rotational speed, the torque was small as

compared with low rotational speed.

Test example 2:

Holes H having a diameter of 25 mm (bit diameter
25 mm) and a depth of 200 mm were formed with a bit 15
comprising a diamond tool, using the conventional electric
motor and the direct motor 2. Each number of revolution
was as follows: 950rpm for the electric motor; 5980rpm for
the direct motor.

The results showed that a perforating time was 1
min. 25 sec. for the electric motor, and 38 sec. for the
direct motor. o

A pressing force imposed from the upper side (a

dead load i1s excluded) was 300-400N for the conventional
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16 06 FEB 2004 2 used in the present test exanple.. Fig.5 shows the results
of the cases where |ow rotational speed was enpl oyed when | oad was

i nposed. Fig.6 shows the results of the cases where high rotational speed
was enpl oyed when | oad was inposed. As is clear fromFig.5, in the case of
| ow speed (about 3000rpn), torque was a degree of about and as is
clear fromFig.6, in the case of high speed (about 6000|D$né\élgzlﬂgirque was a
degree of about 0. 7Nm Accordi ngly, it was found that when holes H were

fornmed at h h rot 0 tor S as conpared with | ow
rot ati on3t® *s‘% Té?t q?&%ﬁ‘g?@zt é§egl% Weth ?adl ameter of 25 nm (bit

di aneter 25 mr) and a depth of 200 nm wer e forrred wth a bit 15

conprising a dianond tool, using the conventional electric notor and the

di rect tor 2. Eaég %nber of revolution was as follows: 950rpmfor the
el ectric fdttof Xa38@dEpArfor the direct notor. The results showed that a

For the directiiades H ABYEas Agoharme teipblctd (Fom eRdl dsePehaal (a
130 mm were formed with a cylindrical core bit 13 having a
diamond bit 15 in the head end portion thereof, using the
conventional electric motor and the direct motor 2.
Perforating times and noise according to different
circumferential speeds of the bit 15 were measured, the
results of which are shown in Fig.7.

Each number of revolution was as follows: 4600rpm
for the direct motor 2; 1050rpm for the electric motor.

As is clear from Fig.7, it was found that when the
rotational speed of the bit 15 was high (250m/min. or
more), the perforating time greatly decreased and the
cutting efficiency greatly increased as compared with low
rotational speed. The noise at high speed was found to be

10dB lower than at low speed.

Test example 4:

Holes H having a diameter of 25mm (bit diameter of
256mm) and a depth of 200mm were formed in materials to
be perforated comprising concrete in a wet process at a
rotational speed of 6000rpm with two kinds of bits 15 each

having a cutting edge thickness of 1.8mm and 2.0mm,
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dead | oad is excluded) was 300-400N for the conventional 17 0 6 FEB 2004
not or and 50- 150N for the direct notor 2. Test exanple 3. Holes H having a
di aneter of 20 mm and a depth of 130 mmwere fornmed with a cylindrical
core bit 13 having a dianond bit 15 in the head end portjon thereof, using
the conventional electric notor and the direct notor 2.05%eﬂmf»rati ng tines
and noi se according to different <circunferential speeds of the bit 15 were
nmeasured, the results of which are shown in Fig.7. Each nunber of

el ectri cOIEE TR €L & Eic rORITE g1 Nt el Mo bl BEEY O e

otaLongly £RSE0 o LAFG L 1508, U b (250 Ry or more). the

o eased a5 comuaeg whL Lo By 6012 DR GRREYL IS BVl Do

LN K N TE TR I A S IR SO T

at a ro%aetrif%r}%lla%pceeed “9];15602?&%@%,“ trplativr\xntakiinnga Oz];tbiglsl 115n81aggsed
number of times while a cutting performance sharply
deteriorated from around 15th time in the case of a bit 15
having a cutting edge thickness of 2.0mm.

The edge of each cutter was observed after the tests,
the results of which showed that the bit 15 having a
cutting edge thickness of 1.8mm exhibited no remarkable
wear while the bit 15 having a cutting edge thickness of
2.0mm exhibited wear.

As mentioned above, it was found that when a
perforation was carried out at high rotational speed
(4000rpm or more), a perforating time could be shortened
by using a bit 15 having a thin cutting ed.ge thickness, and
that, the wear of the bit was small and a good cutting
performance could be always maintained.

This is because of a good spontaneous generation of
cutting edge owing to a decreased load imposed on the bat
15.

Namely, it was found that a tool load imposed on the

bit 15 could be decreased when perforation was carried out

at high rotational speed, whereby even when a bit 15
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having a cutting edge thickness of 1.8mmand 2.0nm 18 06 FEB 2004 which
were carried out a plurality of times for each bit, and the perforating
times were conpared. As shown in Fig-8, in the case of a bit 15 having a
cutting edge thickness of 1.8mm a good cutting performance was al ways

mai ntai ned at an increased nunber of tinmes while a cut§ibrfdBd8H%f or mance
sharply deteriorated fromaround 15th tine in the case of a bit 15 having
a cutting edge thickness of 2.0mm The edge of each cutter was observed

after the tests, _t results .of whigch shgwed that the bit 15,having a
oUt e ng DA R Andd St P G enn e cd Mk BRREBRS R et pe bt
15 having_a ttin dge thi ckness of 2.0nm exhi bit wear .. As nentioned
Shove. 1Pr Rud e A% o M EEITRE Plan i Un Camts €dr Aha T faF 2 e
rotational d 400Qcpm or nore), a pecforating tine could be shortened
! ot e B mPHIY SaTIeR [y ERdLe bl Ph I a3t AXMARE & he mear
of the bit s snal.l and a good cutting erformance coul.d _be al ways

mai nt ai n8&° hicé"‘itsl%c%’ép%’fmeﬁﬁﬁﬁd gﬁéﬁt Anebugt @ﬁergﬂig@n SPe&4tting

edge owi ng to a decreased, |.oad i sed on the bit 15.
g p%rforatqon coufjd be caFP?e out,

20



Nanely, .it was found that a tool |oad inposed on the bit 15 could be
decreased when perforation was carried out at high rotational speed,

wher eby even when a bit 15 19 06 FEB 2004 having a thin cutting edge

t hi ckness was used, any troubles such as buckling were not caused, the
perforation could be snoothly carried out while always 0% ffigisii ng a good
cutting performance and a further high speed- perforation could be carried

out. 20 0 6 FEB 2004 What is clainmed is: | . A high-speed perforating
appar atu I S _ng; lindrical core bit having a bit for boring an
annul ar ?\% é(%irrgg acslrfaaq%ﬁ%aﬁgto be perforated; and a notor having a

cylindrical stator di,sposed. araound the outersperj:. ry of i I cal
rotor into andaf‘t hrof}gh V\hﬂéﬁﬁéslpoetea y sh %rﬁogrﬁ“h@ggt ed é'lirfgp?%av{ﬂlldgch t he
sane is fixed,.wherein the core bit is directly attached to the rotary

shaft of CPHLPEH¥bPBwi t hout transmission neans such as gear, belt or the
ke and is di rectal ycyrlcitnac{reidcat c%il%h bsiqe%da\l?}/ngghg TRt %For boring an
annular hole in a material to be perforated; and
a motor having a cylindr_ical stator disposed
around the outer periphery of a cylindrical rotor into and
through which a rotary shaft is inserted and to which the
same is fixed,
wherein the core bit is directly attached to the
rotary shaft of the motor without transmission means such
as gear, belt or the like and is directly rotated at high
speed by the motor.

2. The high-speed perforating apparatus as
claimed in claim 1, wherein said core bit is rotated by said
motor at a high speed which is 4000rpm or more.

3. The high-speed perforating apparatus as
claimed in claim 1, wherein the bit provided to said core
bit has an outer diameter of up to 40mm.

4. The high-speed 'perforating apparatus as
claimed in claim 1, wherein the bit provided to said core
bit has a cutting edge thickness of less than 2mm.

5. The high-speed perfo'z'at'ing apparatus as
claimed in claim 1, wherein an adapter for directly

connecting the core bit is provided to said rotary shaft.
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2. The high-speed perforating apparatus as clainmed in claim1, wherein
said core bit is rotated by said notor at a high speed which is 4000rpm or
nore. 3. The hi gh-speed perforating apparatus as clainmed in claiml1,
wherein the bit provided to said core bit has an outer dianeter of up to
40mm 4- The hi gh-speed perforating apparatus as Clai”EQIBFEFt%F'“ 1,
wherein the bit provided to said core bit has a cutting edge thickness of

| ess than 2nm 5. The hi gh-speed perforating apparatus as clainmed in claim

1, wherein an Zgapter for directly onnectjing the core bit is provided to
said rotary shdft. 21'he Frdg ge Th@erﬁéht%wea p8PRAEREHS afar at us
as cIain&f_in claim1, wherein said rotary shaft is éotne In .
cyl i ndriebdimeghd mmgdadmobl Mrlyeredni aaild ratasqusdd it dm femm efhde end
portion of the rotarY shaft to the head end portion thereof, to thereby
supply taecxbardntca! ghiapeoansea prelong higvode pintrpd gpedniygmspeed
perforating apparatus as clainmed in claim1l, wherein said_bit _conprises
super. theadiards coAsPlodirad ofy thoirnfary sshafé hoghbepdeanr deensh ati ng-
apparatus as_clained in claim1, wherein said bit_ conprises cenented
portion thereof, to thereby supply the cooling liguid to the
bit of the core bit.

7. The high-speed perforating apparatus as
claimed 1n claim 1, wherein said bit comprises super-
abrasives consolidated by a binder.

8. The high-speed perforating apparatus as
claimed in claim 1, wherein said bit comprises cemented
carbides consolidated by a binder.

9. The high-speed perforating apparatus as
claimed in claim 1, wherein a coil 1s provided to said
stator of said motor and said rotor of the motor comprises
high-density rare-earth magnets selected from the group
consisting of neodymium - iron - boron magnets and
samarium * cobalt magnets.

10. The high-speed perforating apparatus as
claimed in claim 1, wherein a coil is provided to said rotor
of said motor and said stator of the motor comprises
high-density rare-eazrth magnets selected from the group
consisting of neodymium - iron - boron magnets and

samarium - cobalt magnets.

11. A method for perforating at high speed
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carbi des consolidated by a binder. 9. The hi gh-speed perforating apparatus
as clained in claiml1, wherein a coil is provided to said stator of said
notor and said rotor of the notor conprises high-density rare-earth
magnets selected fromthe group consisting of neodym um- iron - boron
magnets and samarium - cobalt magnets. 10. The hi gh-speed perforating
apparatus as clained in claim1, wherein a coil is prQ€gifdgdpgio said rotor
of said notor and said stator of the notor conprises high-density

rare-earth nagnets selected fromthe group consisting of neodym um iron
bor on rraéﬂé’tlggéﬁbngsghﬁr isgﬁpsc{)’g)alt magnets. 11. A nethod for perforating
at high speed 22 0 6. ~ L B,2004 conpri Si t.hne steps ,of :, providing for a
motor having a &i9RdHia P&t & mir&)tt%r aﬁg"tlﬂ"r%uﬁh iIE‘Hi'g‘cr"b]t a‘?‘gltg%haft is
inserted.and to ich the sane . is fixed and hgving a cylindrical stator
i Sposedi B Buftd 4 hEERRES SRR ey T A RS SPAtharS o S CFbEgr 78 & hi ng

bi t for BRIHE S eamiig Holaxeith anAatia T MEl G B [ Ho o b thout
transm saiigrll)orgeea Saround the outer periphery of the cylindrical
rotor;

attaching directly to the rotary shaft of the motor a
cylindrical core bit having a bit for boring an annular hole
in a material to be perforated without transmission means
such as gear, belt or the like; and

rotating directly the core bit at high speed by
rotating the rotary shaft, to thereby bore a hole in the
material to be perforated with the bit.

12. The method for jperforating at high speed as
claimed in claim 11, wherein said rotary shaft is rotated at
a rotational speed of 4000rpm or more during perforating,
to thereby bore a hole in the material to be perforated with
the core bit.

13. The method for perforating at high speed as
claimed in claim 11, wherein a bit having an outer
diameter of up to 40mm 1s used for said core bit.

14. The method for perforating at high speed as
claimed in claim 11, wherein a bit -ha;fing a cutting edge

thickness of less than 2mm is used for said core bit.

15. The method for perforating at high speed as
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such as gear, belt or the like; and rotating directly the core bit at high
speed by rotating the rotary shaft, to thereby bore a hole in the

material to be perforated with the bit. 12- The nethod for -perforating at
hi gh speed as clained in claim11l, wherein said rotary shaft is rotated at
a rotational speed of 4000rpm or nore during perforati ng,Uﬁtf(ﬁBt2 reby bore
a hole in the material to be perforated with the core bit. 13. The nethod
for perforating at high speed as <clainmed in claim1l, wherein a bit having
an outer ,diameter of, up tq.40 is used for.said core bit, 14. The .net hod
or Cpert 61 a1 Bt atn g, dda Wahe So b rie P 0 bi{eie n et aiié dbBE havi ng
a cutti ng eags. t hi %ﬁss of less than 2mmis used for said core bit. 15.
The net h8&!foP 1peks PHIRAR AF gt ehed® Ta® et G tiddB04 clainmed in claim
11, wherein the girc%erentigl speed of _said bit is 250m mn of nore for
perforating. 16!°The Ink¢hBtethpdodemomarinratimggnts aSPef%i®ed in
claim 11, wherein said.rotary shaft .is fornmed in cylindrical shape and a
cool i ng FI3LPe A1 sdpdamceh: “ﬂﬂ?ifﬁgnpéﬁfér%?ﬁﬁyfgbﬁlftth’eﬁ bagR @fd Borti on

of the rotar shaft fo the head end portjon thereof, to there suppl
a c}llin rica{ shape ang apcooling l?quid 15 }ntrog){xcegp y

during perforating from the back end portion of the rotary
shaft to the head end portion thereof, to thereby supply
the cooling ligquid to the bit of the core bit.

17. The method for perforating at high speed as
claimed in c¢laim 11, wherein said bit comprises super-
abrasives consolidated by a binder.

18. The method for perforating at high speed as
claimed in claim 11, wherein said bit comprises cemented
carbides consolidated by a binder.

19. The method for perforating at high speed as
claimed in c¢laim 11, wherein a coil is provided to said
stator of said motor and said rotor of the motor comprises
high-density rare-earth magnets selected from the group
consisting of neodymium - iron * boron magnets and
samarium - cobalt magnets.

20. The method for perforating at high speed as
claimed in claim 11, wherein a coi1l 1s provided to said
rotor of said motor and said stator of the motor comprises
high-density rare-earth magnets selected from the group

consisting of neodymium - iron - boron magnets and

24



the cooling liquid to the bit of the core bit. 17. The nethod for
perforating at high speed as clained in claim1l, wherein said bit

conpri ses super- abrasives consolidated by a binder. 18. The nethod for
perforating at high speed as clainmed in claim11l, wherein said bit
conprises cenented carbides consolidated by a binder. 19 The nethod for
perforating at high speed as claimed in claimi1l, wherlfprgygpi!l is
provided to said stator of said notor and said rotor of the notor

conpri ses hiqh-densit rare-earth nmagnets selected fromthe group

consi st i A§ B Hé‘&ﬂy'mcdﬁf@ ¥ MR ENGbEon nagnets and samari um - cobal t
magnets. 20. The nethod for perforating at high speed as clained in claim
11, wherein a coil is provided to said rotor of said notor and said stator
of the notor conprises high-density rare-earth magnets selected fromthe
group consisting of neodymum- iron boron nagnets and 24 a 6 ~ L 8 2004
samarium - cobalt magnets. 25
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