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apparatus, and nore particularly to an

drill apparatus having a |low profile and adapted to
automatically re-drive a drill notor when rotation of
the drill notor is stopped in the event of

over| oadi ng. Nowadays, in carrying out new
construction, repairs and the Ilike of a variety of
bui I dings and so on, there exists a need for drilling

wor kpi eces conpri si ng sPRYCRIFTEIONmt eri al s such as a
steel cage and t I p t or near
positions at E@ﬁchﬁgxﬁgwggpeégéAgggugttached to

BabHEREUNOSOF | THE STNVNEf@f € necessary to transport
such an electric drill apparatus to workpiece
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ha®hnBQ KBk R 1113 e hAGRRGted W RutbRaBaR) 8885 W rive a drill
transportation and operation in narrow operating

mo§pacfeben arvleduet of ithesidzd ldnoowet ghs $1sop1eepiuxred:tfe)revent
£S E e&t ric drill apparatuses. A conventional
© engf: PREUF1 1 apparatus typically conprises a notor,

an afbesasHPPohtd - Ak @sﬁw:wﬂ Bofid bEGEL] a{ﬂ% Rd the

a vertical™ direction by” way of |de nmechani
lihe ¢f ansar st proireaidiiswegst andtsrcabam theng epm/BaTs afneed for
e drill notor to the arbor to rotate the cutter,
drM#éﬁGaW%r%W%%%ocwplal%wgu%faqucwqaécﬁqa&e@ahﬁq gach as a
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vert |'y-arranged el ectri apparat'uses ‘are
- whgehetid hpribaegesi five HZgackslteauilwisndie onkyiysgtkrefore

inlimted operation. areas

necessary to transport such an electric drill apparatus to
workpiece assembly places. In addition, a drilling operation
-must be often performed in a relatively narrow space at or near
apositionat which a structural material or workpiece is attached.
Thus, to enable easy transportation and operation in narrow
operating spaces, a reduction in size and weight is required for
such electric drill apparatuses.

Aconventional electricdrill apparatus typically comprises
a motor, an arbor supporting and moving a cutter for cutting in
a vertical direction by way of a slide mechanism, and a
transmiésion mechanism for transmitting power of the drill motor
to the arbor to rotate the cutter, which are arranged in a vertical
direction or in a direction of movement of the arbor. Such

vertically-arranged electric drill apparatuses are generally

large in size, and can thus be only used in limited operation areas.
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electric drill of a relatively low profile, in which

an arbor has a rotation axis which is substantially

perpendi cular to a rotation shaft of a drill notor.

Such a low profile type electric drill apparatus is

reduced in overall length as conpared with the

vertically-arranged type, and its conpact size

increases ifs portahiJity. In addition, Japanese
angag@ﬁ? gh%%?%%fb%ﬁF? %&D No. 3- 78205 ang Japanese
Pat ept R3hliLD g0 08U5 801 Kakaidride 2808128422¢ drill of a

describe vertically arranged type electric drill .
redppaval uses peathlef inhilciclcamarboeshas furaitdioiprofxis which

. _automati call st oppi.ng drivin f a notor_in_the .
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sudhi b! 1 6pRSF S asybR eI c apiel eshporPanetiS£ Raffked in
for fixing the dri'll apparatus to a workpiece to

overnabll el gttabs e ahpialreidngl Updhat Vet i diodevarranged type, and

..enable a size of such a drill a r.at.us to be kept
1tEnEPTPagh 5?6%gln9ﬁ??ﬁﬁﬁrﬁﬁs;ﬁﬂ#ﬂ?ﬁﬁi He apparatus, an
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Due to its snmall size, the electromagnetic base is _
NoaBF#8205exand ofdparesmalPatantr aBubbhcf dbtecloAsren (Kokail)
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described in the Japanese icial Gazettes above have
stappingt dnavicg s¢Dpa fruriodd oim vien avendr ofv evesddading.

OFCUE S S BBy WrCL oI LoV et Oy LB amove s
ons TSGR USSRy Lok s B Vi bhabus co
woaRpaeat usohanbhle aanahable stkillimg hapesat fan. aowever, to
engggglaarsi%lét éfersuch a drill apparatus to be kept small, an along
with other parts of the apparatus, an electromagnetic base of the
apparatus 1s made small. Due to its small size, the
electromagneticbase is able toexert only a small attraction force.
As a result the drilling apparatus suffers from a drawback in that
it has a limited drilling capability.

Also, although the automatic electric drill apparatuses
deséribed in the Japanese Official Gazettes above have an
automatic sto'p function when motor overload occurs, such a
function is provided only in an electric drill apparatus
comprising an automatic shift mechanism which moves an arbor in

a vertical direction. Thus, there exists no electric drill

apparatus having a manual shift mechanism for an annular cutter
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with a control neans for automatically stopping
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urther, there exists no electric drill apparatus

having a function whereby a notor is re-driven after

it has been automatically stopped due to notor

overl oad. SUVMARY OF THE | NVENTI ON The present

i nvention has been nmade in view of the foregoing

probl ens experienced in the prior art electric dril

apparatuses exenplified above. It i5 an object of the

Whaﬁgs?eﬁpriow@ﬁ@i Bihth @ prosdqlengangvwiopeotionetigpedly stopping

ri rillL _apparatus having.a_reduced siz d

asgeii oF, f hetaRoTRer Wik ot PRe BrEEER vt there

exti@ter 8% deectrievapi Of idpadnap@sehgetihbCadtbhttion whereby a
apparatus which is capable of being stably fixed to a .

nmoferkpbete-drives after titehasbpeen sttthatpcatbntstopped due

tOinvgntiog t grovide an electric drill apparatus

WRPERT 8 8588 fle of automatically re-driving a notor
foll owi ng automati c stopping of the notor due to

notor overl oad, and which has a sinple configuration
SUMYARNPPBVEHEORBVERBTIOYY. It is a yet further object of

e S e S pa B3R B SELIL 5 i horegoing

pro8h Bk PV QRd oK K 2QRAT £ 100 118 DB 11 Tohparatuses
-~ achi eve the above objects, the present 1nvention
exprplifiesgd abpve.first aspect, an electric dril
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ody;,
profile type electric drill apparatus having a reduced size and
weight. '

It is another object of the present invention to provide
a low profile type electric drill apparatus which is capable of
being stably fixed to a workpiece.

It is a further object of the present invention to provide
an electric drill apparatus which is capable of automatically
re-driving a motor following automatic stopping of the motor due
tomotor overload, and which has a simple configuration to improve
operability. .

' It is a yet further object of the present invention to
provide an electric drill apparatus which 1is capable of
recognizing both a normal and overload work condition of a motor.

To achieve the above objects, the present invention provides,
in a first aspect, an electric drill apparatus having a low profile,
which comprises: | o |

a ‘body;
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an annul ar cutter coaxial with said axis, the annul ar
cutter having a plurality of teeth nade of cenented
carbide tips fixed to its lower end to enable the

annul ar cutter to effect cutting at a high rotationa
speed; a speed reduction nechani sm di sposed between

the nmotor and the arbor for transmtting a driving

force of the notor to the annular cutter through the

ar boft ; RALPESACHRERANMR i e $196%<Si ve to an operation of

a rra@ﬂ:cyrboqpﬁ%@ia gn' SVEL nndi Y 1RE6ENG, h'&ﬁdaarr?gp{lg;g@%utter

its axis to advan or retract "the annular cu
coattiat hetith s aihk axibertiielaanuie rt cuttenardspirece; panca Bty of
adhesi on base for securing the electric drill
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sui table for effecting a high speed cutting opéra
by taemrwilikaducttbarmatidnilsiedtspentebadsdardehti fpstor and

the axis_of the arpor, extending in_a direction
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an®ihgh &ﬁgﬁéﬂiEﬁréaggdﬁﬂgﬁgyiahgrce of the nmotor to the
d redu

spee ction nmechanism | n an enbodi nent of the
el ecarfeedrmnéthappat at esportdiare appamatdpe fadildierof a manual

‘ congrises an automati ¢ notor stopping/re-driving
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a current de or ecting a
a workebécé) omhag through the notor; a determ nation
unit for _detern ning whether the |load current.
det 21 SENRF HebaErriait sgebvséngrthicedegsracfd¥kil apparatu

to the workpiece:

the motor being capable of rotating the annular cutter at
a high speed suitable for effecting a high speed cutting operation
by the annular cutter with the cemented carbide tips;
the axis of the arbor extending in a direction different from that
of a rotating shaft of the motor which transmits the driving force
of the motor to the speed reduction mechanism.

In an embodiment of the electric drill apparatus, the
appargtus further comprises an automatic motor
stopping/re-driving mechanism which comprises: a main switching
element connected in series between the motor and a power supply:
a current detector for detecting a load current flowing through
the motor; a determination unit for determining whether the load
current detected by. the current detector exceeds a first

predetermined reference value; and a control unit for controlling



predeterm ned reference value; and a control unit for
controlling 4 WO 2005/011904 PCT/ JP2004/ 011098 t he
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t he

erm nation unit -determ nes that the | 0a
current exceeds the first reference value, the
control unit turns off the main swtching elenent to
shut of f the current f |lowi ng through the notor, and
subsequent|y when the determ nation unit determ nes
that the |oad current decreases to be snaller than
the first reference value, the control unit turns on
thehmmhmlswiﬁdhﬂngupkﬂmﬂnﬂntqutumnpondefﬂrnwheﬂeihnwhen the

after the determ pation, to supply the current fro
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current

adhebebANses ¢ ddiridet & feGHhEOlc Wide fh@m ?nar@éém@g, and/or
the main switching elenent to turn on/of wher ei n
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ShUtI@EJsEB@nd.aspect, the present invention further provides
an electric drill apparatus, which comprises:

a motor for rotating an annular cutter;

a main switching element connected in series between the
motor and a power supply;

a current detector for detecting a load current f£flowing
thrqugh the motor;

a determination unit for determining whether the load
current detected by the current detector exceeas a first
'predetermined reference value; and |

a control unit for controlling the main sw1tch1ng element
to turn on/off, wherein when the determination unit determines
that the load current exceeds the first reference wvalue, the
~control unit turns off the main switching element to shut off the
current flowing through the motor, and subsequently when the

_determination unit determines that the load current decreases to



current flowi ng through the notor, and subsequently
w464 determ nation unit determ nes that g psRdo1100s

current decreases to 5 WO 2005/ 011904 :

PCT/ JP2004/ 011098 be smaller than the first reference

val ue, the control unit turns on the main swtching

el ement at a predetermned tine after the

determination, to supply the current fromthe power

supply to the notor. In an enbodi nent of the electric

drill apgarat us of the second aspect, the apparatus
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transmts a driving force of the notor to the arbor.
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In an embodiment of the electric drill apparatus of the
second aspect, the apparatus further comprises: a second
determination unit for determining whether the load current
detected by the current detector exceeds a second reference value
smaller than the first reference value; and a load condition
indication unit for indicating a normal load condition when the
second determination unit determines that the load current does
not exceed the secbnd reference value, and indicating an overload
condition when the second determination unit determines that the
load current exceeds the second reference value. In this
embodiment, it is preferable that the current detector is a fixed

resistor connected in series with the motor and the main switching



| oad current exceeds the second reference value. In
this embodinment, it is preferable that the current
“Qﬁj(}ggyﬁﬁljml s a fixed resistor connected in se iﬁ\m, ot
the notor and the main swtching WO 2005101195J ol 1098
PCTI JP2004/ 011098 el enrent to output a voltage obtai ned
across the resistor correspondingly to the |oad
current, and the second determination wunit is adapted
to receive the voltage corresponding to the | oad
current, and conpare the voltage with a second
ref erence voltage corresponding to the second
elegpaterfce PHERBTt ¢ dacdibdigse obiea hiegd tﬁﬁé’olséadth@lr merpistor
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state self-hold wunit including a first sw tching
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In an embodiment of the electric drill apparatus of the

Fﬁcye]gs the

second aspect, the control unit comprises: an “on” state self-hold
unit including a first switching element, for holding the first
switching element in an “on” state when a starting switch is turned
on; a control signal supply unit for supplying an “on” control
signal for turning on the main switching element when the first
switching element is in the “oﬁ” state; a second switching element
which turns on when the first detefmination unit determines that
- the load current eﬁ:ceeds the first reference value, to prevent
the control signal supply means from generating the “on” control
signal irrespective of the first switching element being in the
“on” state; and a unit, responsive to the -determination by the

first determination unit that the load current decreases to be



signal irrespective of the first sw tching el ement

woslobgolisoat he "on" state; and a unit, responsip¢q/p04/011098
the determination by the first determ nation unit

that the |oad current decreases to be 7 WO 2005/ 011904
PCT/ JP2004/ 011098 smaller than the first reference
value after the | oad current exceeded the first
reference value, for turning off the second switching
el enent at a predetermned tinme after the

Lnation, -k di t of th lectri.c dyil
oSS TISH P, P SPROLIENS 1. LR SL SR L lone

exeleedent the fitst atefathdd&aigent Fok HRLhiGONPEFE SR second
an "on" state self-hold unit including a first

swdpiché RP R SPeditst s fgrrededre rmdngidnigimenat v ¢ ¥ shegigiamimption.

transjstor | "on" state en a start.i.ng switch is
turnch o, <iodfhedt of B8 LA S BB e b ene
sesuppl begedt} hthe CHif@NEwi ¥ACING NEl dridr8l iMd &l¥iG:, and the

transistor is in the "on" state;, a photo-triac .
copsirécredt beemRekses yate "and ahabAodel brhald dithiddd nadfuding

il . | ¢ odi _
© S B ALT LGRS, O o
trbheipbotoih ede ba” stppd WwHaheat £t a6 WMd RBwd t@8t €s turned on;

current; a second switching transistor, responsive to
a pheteptedeifost PBALEYNY Nel gty by Reing Mupkliies wath a current
a he-.l.Qad I, e S e f.irst. refergnce .
AT e Ao b R ey St BogurBie paeer o

phexbiogiashcdiee el oitaden ar gagpeshdiven ddndde di rSlcathode
switching transistor_being in the "on" state; and a

of Hpe tuiespandi detienthe ceapdedt hatlioh Pbptondofer se that the

e rot .
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subpad thr feidc Rk eRedgste therkht pla s&ESI@BGELYREHG tria@isistor,
turning off the second switching transistor at a

regpeget ee fichdder drbeanieatioe Mettdenfhast odetBmiERtion unit
thQFSQBLPIEQ§ gErIQEthégéggg the first reference value, for

bypassing a current of the photodiode to extinguish the photodiode
irrespective of the first switching transistor being in the “on”
state; and a unit, responsive to the determination by the first
determination unit that the load current decreases to be smaller
than the first refereﬁée value after the load current exceeded
the first reference value, for turning off the second switching

transistor at a predetermined time after the determination.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side elevation view illustrating an appearance
of an electric drill apparatus having a low profile according to

"an embodiment of the present invention;



Fig. | is a side elevation view illustrating an
appearance of an electric drill apparatus having a

| e according to an enbodi nent of th
W © 00 20057013004 T/ 3P2004/ 031008 TETGEG HbL1098

is a plan view, of the electric drill apparatus
illustrated in Fig.1l;, Fig. 3 is a cross-sectional side

el evation view of the electric drill apparatus, and

Fig.4 shows a circuit diagramof a drill notor

controller in the electric drill apparatus according

to the present invention. DETAI LD DECRI PTI ON OF
EI\/BOBWEN?SMtfh pPEierehee p§ Ehgs el richelmd i [dpparatus

pla| the electric drill apparatus
1#;5§5F3Fﬁ§ ﬁg éhbodlnent of the present invention.

AS slrgyn i3n J.E' & droddie RIachaic dud le12RREANUS iew of the
conprises' a body 14 which is provided with a dril

ehﬁmtm@01ﬁrléﬁ apbaratgs, famdrotati ng an annul ar cutter
t atgach on a Iower end of

roonEate b 9808 A eueritatanbeR of marad i niof Sentorter

incuther dieddAndel ect raipmonaiiL hassrdingeltd 0Bha present
bottom of the body 14 and contai ning an

ingleagioanagnet (s) for securing the body 14 on a stee
material or the like which is to be drilled. The
electric drill apparatus also conprises a nmanua

DEIRSTA! DBORIPEYEN 8P EMBoffumyfg the feed mechanmi sm 20,
" and a handle 42 over the notor 12 at an upper

posi With péfehenbedyo WigsThe 8ot whel2 wiilfh&edbérexp&ﬁined
at its output shaft |s ori ent

tROPLSGRELFI GrE s amnATei BHCPROFRG, T2 00c FBRERITEppI 9F the
praYeheh i AVBWLE8n

As showﬁ in Fig. 1, the electric drill apparatus comprises
a body 14 which is provided with a drill motor 12; an arbor 18
for rotating an annular cutter t attached on a lower end of the
arbor 18; a feed mechanism 20 for advancing and retracting the
annular cutter t; and an electromagnetic base 41 held on a bottom
of the body 14 and containing an electromagnet(s) for. securing
the body 14 on a steel material or the like which is to be drilled.
The electric drill apparatus also comprises a manual operation
“lever 39 for driving the feed mechanism 20, and a handle 42 over
the motor 12 at an upper position of the body 14. The motor 12
is fixed in the body 14 such that its output shaft is oriented
horizontally. _

As illustrated in Fig. 2, a power supply switch SWPW is
- disposed on the top surface of the handle 42. An instantaneously
returning start switch SWon and stop switch SWoff are also disposed

on the top surface of the handle 42 for starting and stopping the



disposed on the top surface of the handle 42. An
gﬂﬁ eously returning start switch SWn agg,psRR011008

SW t ff are also disposed on the top surface of

the handle .42 for starting and stopping the 9 WO

2005/ 011904 PCT/ JP2004/ 011098 notor 12, respectively.

.Further, indicator lanps LED 1, LED 2 are disposed

on the top surface.of the handle 42 for indicating a

| oad current condition of the notor 12. As will be

described later in greater detail, the LED 1, when
motarnéd. orespe@iter s t FHEthERe FRAMCRLNT AR iR &al LED 2

whj, | n catin
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conducts to the el ectromagnet 53 (Fig. % hat

lagpsci owagher drizdla1the H%Ib%y when FiLRge t?élre%%‘é%??%es tha

endlhbha 2pRaralus J go@mwk&h@g g@em@g@et Whehagerhld on,
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rel ative position adjustable, after the neti ¢, bas
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shaft 12a of the nDtor 12 and the arbor 18, conprlﬁgs b1
appapelep §ear wakpaegﬁane”{km gt e A Ais erably

Conl%lﬁan%a 88 f}gd sgﬂLe %h %E&‘E‘%S' SLALE DR toli':he body

rSm 1 er at'es ot ati on o the d
14n0t By 1Rakang abryerdistive opasivivaxadjdstabliepnalfger the
90 so that the arbor 18 has a rotatin shaft
magResAsi RgSEndd Verseeuedide & M&ﬁk%ﬁgsh Fae Redy elf pipn e

| mo&fgfdoﬁgrfgrgegﬁlﬂgr_dth 681:‘ 1\C8)l[ﬂco£nﬁlpfaf Q‘Elﬁé'ﬂé]’_g tSI"E%f te h@f in'?cplece

he ar rises a proximl rotating
shaf Re28rraf wt}?a_rgrtedl atBe rdd@d iegrtsial me2hanasdi 37 alwhich

rotating shaft 26, and

is connected between an output shaft 12a of the motor 12 and the
arbor 18, comprises a bevel gear 17a, a planetary geaxr decelerator
17b, and spur gears l7c, 17d, 17e. The deceleration mechanism
17 decelerates the rotation of the drill motor 12, and converts
a rotation axis direction by 90° so that the arbor 18 has a rotating
shaft extending in a vertical direction, which is rotated by 90°
from the direction of the rotating shaft of the motor 12.

The arbor 18 comprises a proximal rotating shaft 22, an
intermediate rotating shaft 24, a distal rotating shaft 26, and
a holding cylinder 28. The proximal rotating shaft 22 is mounted
to the body 14 for rotation about the vertical center axis and

is connected to the spur gear 17e of the deceleration mechanism

17. The intermediate rotating shaft 24 is telescopically mounted
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a hol ding cyli n.der 28. The proximal rotating shaf.t 22
is mounted to the body 14 for rotation about the

-Wbejﬂbg,élﬁ;mcenter axis and is connected to the
gear e of the decel eration nmechanism 17. Tﬁ§9ﬂﬁﬂmﬂaumm

internmedi ate rotating shaft 24 is telescopically

nmounted 10 WO 2005/ 011904 PCT/ JP2004/ 011098 on the

proxi mal rotating shaft 22 by way of a spline

connection, and is novable between an extended

position (not shown) and a. retracted position (as

shown in Fig.3). The internediate shaft 24 slightly
ono¢be | pipsximah rotte tpmgxshaft ra byi wgy sifakt se2iha ddrection,

i,al _directign at the extended position, while it
N, {5l B0 6r PAEECRR! At AELPROSY HBPST0tGH | (RPS g, and a
retalRedagbal t Jbh eCdd Amoval ihhﬁic% efy ackgd EHFEH&Q&ia@@ &haft
they are rotated together wt he " proxi mal” rotati ng

24shafighR2ly herlips atithotati pgosiedl 2Gdting shaft 22 in the

t.el.escopically npunted on the internedi ate rotating
AR PG O L of P SR R h oLl 160 lazgely

oviEMabkeyhat %@Rﬂi%ﬁ%iﬁ§ﬂ$f@ﬁ2(iqp£hég&‘§.’t%)él Arection

which it slightly overlaps w the 1 nternedi
aty bhatrerty ashakk p@4ithot henaxthéy dircecdt avednbggther with the

retracted_position (fa_s hown in Fig. 3) at which it .
 PIOEABANy FObGEANapSNAEEn 2he. HEeRHEAPAL §OFEEARONGhaHAr 26 is
e e P P ey e d of DR g Y

wagheft a 2dpliihe dmtrnkamayl iandeds2fichablls bébredh sdlextended

ros:atin shaft 26 rotatably and is npunted to_the bod
POPALIENAdnRG AN A hevaial 1] PLAGRBAY( OYEFAEPSWIIAN the
; ' . t .3.Th b Li 2
okBtadhshil pCRERALEOAIRK! 20 b PhOLD BILLRIEE "o «

refranedt poisigiby a=guistowsylimdeig. 29) f hxedniignt h& 1largely
body 14, A needle bearing 30 is interposed between the:
ovgrdERF Wibhathagisharvedtabmdrdioiting S Tthdd 128.the axial

a1x8EK5BH . PAle gistal rotating shaft 26 is rotated together with
the intermediate rotating shaft 24. The holding cylinder 28 holds
the distal rof.at‘incj shaft 26 rotatably and is mounted to the body
14 so as to move in the axial direction together with the distal
rotating shaft 26. The holding cylinder 28 is axially movably
supported while it is prevented from rotating by a guide cylinder
29 fixed in the body 14. |

A needle bearing 30 is interposed between the distal
rotating shaft 26 and holding cylinder 28. A locking ball
{locking member) 26a is attached to the leading end of the distal
rotating shaft 26 for holding the annular cutter t inserted into
the leading end of the distal rotating shaft 26. A rotation
operation sleeve 26b is also provided for operating the locking
pall 26a. | |
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(1 ocki ng nenber) 26a is attached to the |eading end of
woh | rotating shaft 26 for holding the

cut ?%‘?ﬁ%@l nserted into the |eading end of thﬁlykghglﬁmmgs
rotating shaft 26. A rotation operation sleeve 26b is

al so provided foor operating the locking ball 26a. U

WO 2005/ 011904 PCTI JP2004/ 011098 As illustrated in

Fig. 3, the feed nechanism 20 conprises a novable

rack 31 mounted on the outer surface of the holding

cylinder 28 and extending in gara%ﬁzc? Wi th the Xi s
the%rbéﬂustgatﬁds@at?%ar%r FABKS 3P MISCRATHIT 88’69“5‘95

ced, anay, f a | sWirteh cbhe smpuabhe1ds
a IF'% %9% IOlaand a pnﬁ%%&g%ﬂd%g%oggg@bgmgﬁbt %e t Wo e
cyl a6dsr 3B, add eﬁt@ﬁﬁtmajlgrepgagbhehtwntﬁiertbw amszén:h@oarbor

drilling operation is perfaorned, e nts of
18&r®cﬁtaﬂg-‘5rf@¥é4 Fagtk e £ F—é?iia%%e‘bhepgéq Sé’fcﬁf‘o\ﬁ‘ﬁa?’ from
" drql; 'aﬂ PPehabhoty di ed
ang J'%I Ea{?% %ﬁﬁ“ Efptﬂgurﬁvegrﬂltrégf%crc?t at edabth he drill D00
bebRéOs e thwougHckhe3dese dnameshingeehgagemeny alm@lrerth

the distal rotating shaft 22, jnter [ r.ot a

E e e sy LGP SPOFAELRY Lhaar Bamade Wik AdERERts OF
th ¥l »9d ieﬂig%pglca&ﬁ&' étl}%(:%@ﬂ £aHSEAgn! h@s Ps!r{b&vﬁﬂ 134Fig.

o) ate and advance ovvnvvar on the stationary rack

3. 32EHeQ1 [eveptheommiall £ driddkd nglodenabiou, révate die gnnular

th 34. | t hi d t t
g R T 38 T s ey, e LISl oL g (A0 on

m88%1< .?fgﬁd 15t 8@ Lg brin §Perét§@fngf‘85h£‘f9 an exteRgeddiate
causing the annu ar cutter attached at the

rotgadhqosiente f, tdrel diistall rotatlmg sheaftt 26 tihe operatlon

advance toward a workpiece. Adrill feed notor gg

1e[§¢l—3v3%lé@ BaehPRRAESHhEHRASY P@usa’P? iRy Py e Ofin
anb 8 L8 IES DAY S TheQ i QUaR v £ 188N & }ove the movable

rack 31 downward relative to the pinion 34. In this way, the

ca rotate

intermediate rotating shaft 24 and distal rotating shaft 26 are
set in an extended state to bring the arber 18 into an extended
state, causing the annular cutter t attached at the leading end
of the distal rotating shaft 26 to advance toward a workpiece.

A drill feed motor may be provided such that the motor is
drivingly connected to the feed mechanism 20 through a clutch for
extending or contracting the arbor‘18. In this way, a selection
can be made as to whether or not the clutch is disconnected to
manually or automatically move the annular cutter t.

As illustrated in Fig. 1, a plurality of cutting teeth t2,
each comprised of a cemented carbide tip, are fixed at positions
that oppose swarf exhaust grooves tl, respectively. By fixing

the cutting teeth t2 comprised of cemented c_arbide tips to the
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ext endi ng or contracti ng the arbor 18. In this vvay,' a
selection can be made as to whether or not the clutch

“josmgg/@ﬁ%nect ed to nanually or automatically 1’8\/.]%250%11098

annul'ar cutter t. As illustrated in Fig. 1, a

plurality of cutting teeth t2, each conprised of a

cenented carbide tip, are fixed at positions that

oppose swarf exhaust grooves t1l, respectively. By

fixing the cutting teeth t2 conprised of cenented

carbide tips to the 12 WD 2005/ 011904.

PCT/ JP2004/ 011098 cutting edge of the annular cutter
cuttimpeedogeacf otk apeethcantdes itpcteasedtatbliboal speed can

oo, HEFRL? ST oo i A ot PBIPHARS o G Rugsaed sdge. This

' {staetontAa s £8SHh tanri G LG F e8] BRCRLIGANRRA steel. As
reduced and a cutting speed can be increased.

a ceAsthuenthyting mesitancarcahlbapeaduaedsantticbubsesg speed
can annul ar _cytter having cenmented carbide tips, as in
h&SprBSERESFnvention, can increase a drill feed

- anbuBbhsafdeRELP] dhROkYect ADE O¥Lh 1 hEQuOhpUL
drill iﬁzégp%r at}?on IS a‘ta(t:ai ned. A cutting spseggj&h uses an

arfilegbretier hxelmd t deresn toavh Waabiciet téps, hagi ig the present

. cenented carbi,de tips, and a . cutting speed suitable
LehElte RPN LBGTARRG & itidert RS AU gIish@gFordingly

L@kt Br88gaphPEds Mgy 28 e,

lmg.t 16 (Fi rgt %d%s{tli on, pu ﬁ%%%%da cg)?/é Ka 1uc§ﬂﬁkslusa%§;;£g%§§ﬂ
Tai g& Shtuppan) spdbe svivabl® for sesectith suuchaihalad tcutter
can rotate at hi speeds (for exanple, four tines

h
hayigfeFePRaRct nea P 1dR its edlithReFuttinddspeedusehipkle for
usfeOfi PR 0L AhRYa £ L&#Lﬂaq_- ﬁ@ﬁ@j&f %ﬁ%;heQB!a%é{ 'é]:geean re described

annul ar cutter wt cenented carbide ¢ I PS. ererring

imBRowtto Bedeck, anésiyd Toicds, Wit | 1de minde aliifdion, published
configuration and operation of a drill notor
by. §pPrahi ki Kaisha Taiga Shuppan).

The motor 12 is selected such thét it can rotate at high
speeds (for example, four times higher than the prior art example),
and is suitable for performing cutting operations employing an
annular cutter with ceménted carbide chips.

Referring next to Fig. 4, description will be made of a
configuration and operation of a drill motor controller for
driving/stopping the motor 12 of the electric drill apparatus
illustrated in Figs. 1-3.

InFig.4, the numeral 50 denotes an external AC power supply,
51 a full wave rectifie; circuit, and 52 an AC/DC converter. The
full wave rectifier circuit 51 applies power td an elecfromagnet
53 contained in the electromagnetic base 51. When the power
switch SWPW which is connected between the external AC power supply

50 and the AC/DC converter 52, is turned on, the full wave rectifier

13



driving/stopping the notor 12 of the electric drill

wiPRakefysy 11lustrated in Figs. 1-3. In Fig. 4?6’[*1&2004/011098
nuneral 50 denotes an external AC power supply, 51

full wave rectifier circuit, and 52 an AC/ DC

converter. The full wave rectifier circuit 51 applies

power to an el ectromagnet 53 contained in the

el ectronmagneti ¢ base 51. Wen the power swtch SWPW

whi ch is connected between the external AC power

supply 50 and the AC/DC converter 52, is turned on,
cimeaitubl neste fies pfveltas WOopobse (Prtmgal AC power supply

s G BRaPIL 041008 liett o Ph AT k65 ehc vel LagEdd R 53,

power ‘supp supplies t

tHleéblyf Fedivglirgeltotihe @}ﬂqi eppagaets Ehto taheae&jgt object
fixing the electric drill apparatus onto a targ
byospeaetipyfoggmet iThef BELRC qwevmewéoﬁ%mﬂé?iss‘éhe voltage

eoGADARS Bt OSB! SIPDS Y151 iy P B8 nnase (ror
exeaiple), Mhiwdlds Suppldiedid os@psDidd otouai icohtrol unit for

controlli n% the driving of the drill notor 12. Atriac
copmold ipgobhaedr 4¥1ng naf nthe dichh@ddi%net f or

cxt oinsroAe PSR EPEERRMAGE el B by Piment for

conRrReshgddbetvrrBcBi gat Ehe tce:r:ﬂllnaiotaﬁd l1antanode €oternal AC
cathode) termnal of the triac BCR A resistor

POWET $ PR :dé@ect%%rfg’lqt@mt@@ﬂ) PiRPUT & ScEARRRERRC NP taeeTed gate
h
te tJ.IaaFL & {i]rdrﬁ thég g&ﬁ}l‘%ét NYe ang f'ri{fi?éq%&ac_rﬁCR

Ol ng roug triac

reGaRtoel (uﬂrfenu\ﬁﬁeﬁﬂbdt&r@ﬂbsedtwt MR hies BGnnebtageln series
from the AC/DC converter 52, conprises an QY OF

wighnthel tize BAR £pr dgheahbrofa droad P@W@n?zflawmg ‘through
RS o gBLo ol PLaVgh 20 ceter i on |
Circght obnt@iduaikpasch Landist 495 isdlinGahi oile UT Qblltage from
th7eGi‘-kC/DC converter 52, comprises an ON/OFF control circuit 71,
an amplifier circuit 72, a smoothing circuit 73; an overload
determination circuit 74, an automatic stop/re-drive control
circuit 75, and a load condition indication circuit 76.

The ON/OFF control circuit 71 outputs a control signal for
turning the triac BCR on/off in response to a manipulation on the
starter switch SWON or the stopper switch SWOFF, or in response
to the output of the automatic stop/ re~drive control circuit 75.

The amplifier circuit 72 amplifies a wvoltage across the
registor RO, and outputs the resulting voltage to the smoothing
circuit 73. The amplifier circuit 72 has a small output impedance
(substantially, =zero), and can vrapidly discharge a charge

accumulated in a capacitor €73 included in the smoothing circuit
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The OV OFF control circuit 71 outputs a control signa
for turning the triac BCR on/off in response to a
' t|on on the starter switch SWON or t
%deillﬁ’svmtch SWOFF, or in response to the Egirgmoogpuws
the automatic stop/ re-drive control circuit 75. The
anplifier circuit 72 anplifies a voltage across the
regi stor RO, and outputs the resulting voltage to the
snoothing circuit 73. The anplifier circuit 72 has a
smal | output inpedance (substantially, zero), and can
rapi dly di scharge a charge accunulated in a capacitor
73CtRrionghuderesistdre Kibothemghe vedithgédadfdss the resistor
2005/.011904 PCT/ JP2004/ 411098 73 through a resistor
ROR7 3 LdiSefiot Re? TP t LR ber 38 PROLAELRS 617 CRE {42 133 @ gain
ecuadeh® beVRbre TRRagMPlifier circuit 72 has a gain
equal to or nore than 1. The overl oad determ nation
ci rche dvexbdamt Maiesrmimeitien cdrcodt Ad Oetermingd wifether
the snoot hi C|r it 73 exceeds a reyi ousl| y_set
I tUr et e® vgﬂg’%gg Ui 6 e j BgRE %%fheitreﬂﬂhoiw grgeeds a
r‘érv'ﬂolusf[?t 96t ket SrORYL avtdl%gten h?ﬁﬁgeywh ther or not
over| oaded condition that may be anag e
th@umbnﬁﬂlamsbmpﬂﬂea&nopenanumgﬁlnnsunhta'Mianmﬁywﬁverloaded
circuit 71 with its output to ‘

F |
coé@ll&]rﬁf‘l %FFCO :%%Y %?l%{%g?ﬁ the drill notor 12 when
the @HE%‘&tto}ﬂlaw]qusé 7 1 c:oﬁi 161 'gl'}%h'len@:g?giﬂﬁggls the

74 indicates over con I t1on

ONVDF)? camﬂr@.ljtcmmiuml?ﬂywi’ehd:ﬁtavamﬁﬂiﬂ: doi dhtomiOicdlly stop
edetermned tine period fromthe tine at

ardirieh ohaHe dethh naoR ﬂré’ @R [EHoPBEDED Vel of the overload
de@:ﬁé'i:ﬁgﬁghgg‘h ﬁiﬂuﬁ@pﬂfj lt%%d %%% oy ‘%‘ﬁ lc%{dcl 8?&@%?101}

circult term nes
Vreff 1t h&1.3 irp airtd agtemaem:au?gs rexeee@esath@aeﬂw%%ﬁ@t after

reference voltage Vref2 to indicate a | oad

a predetermined time period from the time at which the driving
of the drill motor 12 is automatically stopped.

The load condition indication circuit 76 determines whether
or not the output VL1 of the smoothing circuit 73 exceeds a
previously set referehce voltage Vref2 to indicate a 1load
‘condition of the drill motor 1 through the LED.1 and LED 2. The
reference voltage Vref2, which is lower than the reference voltage
Vrefl in the overload determination circuit 74, is set so as to
- invert the output of a comparator OP76 when the drill motor 12
is lightly overloaded and will not be damaged. The LED1 (for
example, blue) is turned on in a normal load condition, while the
LED2 {for example, red) is turned on in a lightly or more overload
condition. Instead of the LED2, two LEDs may be provided to

indic_a_te light and heavy overload conditions, respectively.

In the circuit as described above, as an operator turns on
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condition of the drill notor 1 through the LED.1 and

reference voltage Vref2, which ispl-@Wpoos/011098
Wb?gﬁgqlﬂgoqr ef erence voltage Vrefl in the overloa

determmnation circuit 74, is set so as to invert the

out put of a conparator CP76 when the drill notor 12

is lightly overl oaded and will not be damaged. The

LED1 (for exanple, blue) is turned on in a nornal

| oad condition, while the LED2 (for exanple, red) is

turned on in a'lightly or nore overload condition.
thenstaadenf stech ERION tmeleDélermlbeb@ proVE e R remains in

i ndicate |ight and eav Ioa condi
any espectiafa g ’qk}f{]ct FE éféll ejs%rapgté abo'W\L/%h 2,)8¢ gvpply
Q%rg%t Prok Hﬁ@%cgﬁbcléom QQ%BQl@QQSQ%i%Q%f R1ULHBsistor
e starter switch $WON whil e the power switch SWW

Q'?r]enﬁlthe ONVORFctoht ok dtrevdd ThilovhErednEhd PCYRC converter

lied with a t efro
5 R e Ch G BN LD SHENs e e U e angistor
othe ONVd GRERNEL] g Glitesuik,f lOWdfreomd tHoWwAC {HXbugh a
converter 52 through the starter switch SWON, therehy

phosusidigdeh P RAldhst et SBTNQRR tD bbot‘-@Tﬁ%]aaianH%QUg which is

resul.t, a curr t h
RGN GRORIFROES: FPag PEROIA SR RE L hpHiy | Fdthing o
s&lqllmoq(élh% thecphet eodi ede Pf&l&isﬁchﬁr@hy form ng a
self-holdi'ng citcuit for the transistor Q71. As th

e
trangisstbe GFanssstor @t ok talreedr ORr &l SBrFebhsalso flows

I Andl ST GPEC CRULTRg BBRGIact e BHIGDT "ith the

MU L ds epti cablyins QUphedot-erihe BIGUr dihdde: PHlbprically
to be turned on. By turning on the triac BCR the AC

~ cpovierd $opphy BEticdotweEHedNt o tiretdrnpf obmot &Y IEfPéng on

e d K t at f.the dril,l
195 ke By i HE i B TRk g arsas

mcSLbe he %bBé dﬂﬁvér‘;’) ptbe%eh})ésﬁ%@tﬁoM&&m@ﬁ &heCdktiel motor

(see Fig. 1 and
12 is conveyed through the reduction gear mechanism17 to the arbor

18 to thereby rotate the annular cutter t (see Fig. 1 and 3).

In this state, as the operator manually operates the handle
39 (see Fig.l) to drive the feed mechanism 20, the annular cutter
t is moved, while it is rotating, toward an object to form a bore
therethrough.

A load current flowing through the drill motor 12 is detected
when a voltage drops across the current detection resistor RO.
A voltage proportional to the load current is then amplified by
the amplifier circuit 72 and supplied to the smoothing circult
73. Since the reference voltage Vrefl of the overload
determination circuit 74 is set to be higher than the output

voltage VL1 of the smoothing circuit 73 in a normal condition in
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In this state, as the operator manual |y operates the
handle 39 (see Fig. 1) to drive the feed nechani sm

nnul ar cutter t is noved, while it i
00 ] . ' :
wr%g%a%/!lihﬁ%@ toward an object to forma bore P%T/.]P2004/011098

t heret hrough. A load current f | ow ng t hrough the

drill motor 12 is detected when a 'voltage drops

across the current detection resistor RO, A vol tage

proportional to the load current is then anplified by

the anplifier circuit 72 and supplied to the snoot hi ng

circuit 73. Since.the reference voltage Vrefl of the
whiwdy | el dubller mbhati 62 cis cuot déeirioaded)o the higheirator

et iyt e e o
ClEGﬁll%Pzﬂ‘pArégﬂ-%Q‘Q.g whi chy, t ﬁ@vgﬁ.' I ok?e ' |S|1? h)e normal

over | oaded e compar at or oper at | on arm
le@nrthel@wemlmedesechan@edm tdier caphcl4o@UCPEtSE the

| evel Theyefore, | or ma| condi ti on,
Y D R o b B EEaE o SeTsa5 S PRge current
ofaéltt@:lmtsll(étaf."@fff 8odBintt 898 0lg Chd Fedrd 2erdOnkhAl 28 “ofs”
base current of a transistor Q75 does not ﬁ ow and

st@ferefore remains in an "off" state. In this state,
Si nc§na1i currg gI_ continuously flows into the
phot o7 df e SPREEN DFR¢he ERFERRT SRR INQYT o flors into the
phbltbodaBdk hea1 fif a9s SO oNIbbr LhG:pRYt Bﬂ:éhi‘% ?fg'l%gough the
remains in an "on" state, thereby permt he
trepsietBER T rté.ﬁaphot@-'aruécmr!’ﬁm&t Eema'hﬁs r.’LQ'f AHENEL” state,
in the load condition indication

thvoI t%age Vre {é Al 1 0

crredi Perst m%‘“gfh%rt%%ﬁ] Rffe toumsma iy fropn fen” state.

rooH S ERMLL VRGO LA, s
ingpzetisnacikicght! S\elis thh@fotﬁanatﬁ:reaw@\ﬂ[ Whlof the
smooghgggscfrhc%ﬁ:a% 3?1[1 etgeu;g?:gnagncoxgiéfon, so that the ocutput
of the comparator (operatlonal amplifier) OP76 is at high level.
Therefore, a transistor Q761 and thus the LED1 are turned on, while
a transistor Q762 and thus the LED2 are turned off. From the lit
LED1 and unlit LED2, the operator can recognize that the drill
motor 12 is in the normal condition.

| On the other hand, when the drill motor 12 is overloaded,
the load current is caused to increase, causing the voltage across
the current detection resistor RO to iﬁcrease, and thereby causing
an increase in the output VL1 of the smoothing circuit 73. As
the output VL1 increases to the reference voltage Vref2 of the
load condition indication circuit 76, the output of the comparator
OP76 transitions from a high level to a low level. This causes
.the transistor Q761 to turn off and the transistof Q762 to turn

on, so that the LED] is turned off and the LED2 is turned on. From
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a transistor Q762 and thus the LED2 are turned off.
Fromthe |it LEDL and unlit LED2, the operat

wp, 194 that the drill nmotor 12 is in the %gFﬁg 04/011095
condition. On the other hand, when the drill notor 12
is overloaded, the load current is caused to
i ncrease, causing the voltage across the current
detection resistor ROto increase, and thereby causing
an increase in the output VL1 of the snpothing circuit
73.. As _the output VL1 increases to the reference

theobh Bije DETHf 3ndf 11 he.ENZadheompibtdonr ioadi egtpsmine that the

circuit 76, the .out of t o arato
AriAdnBPEPBb2 (1o LM igh VETAP 08 n POl [ anlsore adjust
a FA4eESa bﬂ@e&rﬁastﬁéOEpéygﬂidﬂ)Iéﬁé} @Kf aﬁdrbhelred
tranS|sF to turn on, so that the LEDL is
tur had ot aaniltlhemcmem 13 tdor fawtder Huafeay vp @ heavily

5/011904 /| JP2004 8 N
OVI?E adefeC ‘gjgjt%? @aﬁﬂaeﬁgﬁ"m trcliegit1 ;%5{:#;'5_%?1? J?r:)c%acﬂ ged
thk? dlftpldtgm:[lﬁly orethoagrdotandy canrthet ef7or elnacrlqeastes &o the

force applied to the ogeratlon | ever 39, as requir 74
re/ieneneedv@lta%tvmefi-zo §%9Vﬁéioaéﬁfé&%n§tﬁ€é’vﬂ§mlt

| oaded | erlo
e

defd i ©58398Sc 1 e 74raftgnance ot B@eel/mﬁlchoéummu ially
over|l oad determ nation circuit 74 or higher. At t

IS
intsteet apleousdypelr et 37 S @hwpaeﬁaqﬂﬁero(}@?rfd&’dmgh 2'd10d8 B75 and

deter nat cjreuit 74 outputs JEVEE C t
Er?t' aﬁ“’%{;l {}}f’stlgﬁjt aneonlljusjlp‘L ar ges téhe \?{ap%%t%#toma te
st%wﬂe'ﬂd%% adliada frant 75/ eshssdig RZS]:u(ﬁIawtng:cn flow

shal | resistance) in the automatic stop/re-driv
tromnighola cepdekor 78] 52aard rigia k@@ﬁl"@ﬁ‘tltft@rf PEuEDE hFB%@%lstor

o s Rt o e e Do ERFS e £ o cRlezbRE EiBpphat Ohrough

ns on, a current

tH@FHHQB ~ak B8e Pl dirode: BiYbiratordther 10N Ehieont ral shunted
circuit 71 is shunted
to consequently turn off the photo-triac PHIOUT. AS the current
of the triac BCR decreases to its holding current or less, it is
turned off to shut off the current to the drill motor 12.
When a heavily overloaded condition causes the automatic
step/re—drive control circuit 75 to turn off the teiac BCR, the
voltage drop in the current detection resistor RO decreases to
zero to reduce the output VL1 of the smoothing circuit 73, so that
the output of the comparator OP74 in the overload determination
circuit 74 transitions from a high level to a low level. As a
result, in the automatic stop/re-drive control circuit 75, the
‘base current of the transistor Q75 only comprises a discharge

current from the capacitor C75 through the resistor R752. Then,

. the base current disappears after a time period determined by a
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to consequently turn off the photo-triac PHLOUT. As
the current of the triac BCR decreases to its hol ding
| ess, is turned off to shut of

WSEMD@E{%?O t he drl II notor 12. When a heavi l y{)C"f'!'lﬁ%{’m11098

over | oaded condition causes - the automatic

stop/re-drive control circuit 75 to turn off the triac

BCR, the voltage drop in the current detection

resi stor RO decreases to zero to reduce the eutput

VL1 of the smoothing circuit 73, so that the output

of the conparator OP74 in the overl oad determ nation
discheegettite toassabitonsadsiong able ghahsvstot @78 kowturn off.

result,, in the automatic stop/re--drive

con%?olth&Fr@lfﬂePtTS since %es%ifr]éﬂ%d%‘?gtﬁércmt for the
tra‘h%@..@%b?.t@f?le.% i 1© Ihe?c?slﬁﬁ di,achange- dEB%e'ﬁ{zm and

fromthe capacitor C75 through the resistor
photnem‘elayhé’ﬂmld‘ clnr ettte dovdpPEar soaft@l @itrico@tperiod the
- det.e%rri n@@ a 18 WO 2005/ 011904 PCT/ TP2004/ 011098
AUPEREF g @'t ERONNT ah?, CRusiHG tdre t FAREFEPD?: QFBeRo the

trah@hBtekfg75 ldhddy Srevepter %Qgﬁeecié"c‘aexﬁﬁhtedhﬂhﬂé rkgeyr:%%de from

circuit for the transistor is still formed
thephioseosdicdde PE2kNeandtpphotfaorelte RHRAIDa ddternination
control circuit 71, the transistor %9}_ renmai ns

. ON OF
cirghit, E‘“!s?ai’érrﬁr‘%r%%%% Elpen tirto tihshahata-ddpsie PHIIN
thrbUfAS AL tj?gl?ﬂ%@oi)r?fjf o%f;g%tw@ eﬁfcgaaog-dufla%“p&l%%cp to

transition o e OVeT
agadat e nat isoml emend:ula&lﬁtha coiferBcragal Rukthovs. i MO this

tp-diode PHLIN thrqugh the transistor 1,
waye aggg %rwe o4 it&c apﬁiwowsreagﬁv nEekAke %ea@@nular

cut%@”t&*a' | ypgdre fifsiag BER H’m&“ L 6{1:” LB Sy Ay, ttaopneatic

notor 12 1s again povvere at et he annul

stopudtbedriver:ml‘dzrcSIhﬁtrngmifﬂ S cospedierdbliheo be set, for
"automatic stop/re-drive control circuit 75 is
exappP&f er AP R A lsetin ﬁoFanﬁﬁa@rﬁle 3 dspPeri Aacengsin &t is

theE@?Qfeoﬁoggf%fé)é% a&%%ﬁggacally Tesume powering the drill

motor 12 in a short time after the drill motor 12 is overloaded
and a current flowing therethrough is autométically shut off.

Also, since the output VL1l of the smoothing circuit 73
decreases at the time the drill motor 12 is released from the
overloaded condition, the output of the comparator OP76 in the
load condition indication circuit 76 transitions from low level
to high level, so that the LED1 is turned on while the LED2 is
“turned off. In this way, the operator can know without fail that
the drill motor 12 is released from the overloaded condition, and
can therefore operate the operation lever 39 to again move down
the annular cutter t for resuming the formation of a bore through
the object.

As described above, the electric drill apparatus according
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therefore possible to automatically resune powering

th i nmotor 12 in a short tine after the
wl%zt%gﬁ&ié& peTirpboo4/011098

is overloaded and a current Mw ng
therethrough is automatically shut off. Al so, since
the output VL1 of the snmoothing circuit 73 decreases
at the time the drill nmotor 12 is released fromthe
over | oaded condition, the output of the conparator
OP76 in the |load condition indication circuit 76
transitions fromlow level to high |level, so that the
to EEBlpissdnt nedeotinhi ¢an thesiuideDa ¢wtting negistpncpnpecause

thi , th t Kk, i t hout_ £.a] t .t
e Y 1 10, R LPLcar, koW UL Lol U1l <408 co

the& ea@it&hgrédg%néhefé@f,t heies Hfc? 2Pek adte chher spet@thenannular
| ever 39 to again nove down the annular cutter t for

cutresumtngighe sbeedat | s of resvdite theofighlovhadopperational

As_described abgve, the electric drill apparatus
beng g riGag bs \?%%26%?‘011904 PCT/ JP20041011098 to t he

Presgnit TRYQHdAR r&dA oheldsa i Sibllilshg sedshst@nee the motor
because it enploys an annul ar cutter having cenent
and arbiodecti e flesbdned tq gerdeyt 2 APrelgEIvfertofl thggrgsult

I ch tate th | - i \
BT e T T D RO DG R ar A o) O &'and size.

benefdit s gan dee@itial n@eil aypdhcatiesetenabeosecured to a
mechani sm di sposed between the notor and arbor_ can be

wodlasiepredith anpholler dwmaetdes, faren, tife thaduthe pagpetic
t he decel erati on nechani sm.can be_red J [ .

basha WA CORFETRES o RO it o ARRat T B fog e Lant of

thS QUWARG i10g 23 1 WoIkRiet@i W tAndbs FRiduedal hrficid amd weight,

force, so that the magnetic base, which ponRrises a ,
thussagniéigahbigcopapabhiyngrite asiagctaon dhEhe el size

ond Y e R R TR bRl o velon,

overg |y fSiZ&e appreciated from the foregoing, the present
invention can stably secure the electric drill apparatus to a
workpiece, while achieving an overall reductionin size and weight
‘of the apparatus.

Also, since the automatic motor stopping/re-driving means
can automatically shut off a current to the motor in the event
of overloading, and automatically re-drive the motor at a
predetermined time thereafter, an operator need not operate a
switch for re-driving the motor, thus improving workability.

Further, when the drill motor is normally re—driven, an
operator can be informed of the condition, so that the operator
can readily know a time at which he can start operating the
~operation lever for feeding the drill downwardly.

Furthermore, since the low profile type electric drill
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and wei ght of the electric drill apparatus. As wll be
appr eci ated fromthe foregoing, the present invention

WE)% ,y secure the electric drill apparatu
?<pl &Ce, while achieving an overal I reduct i %ﬁﬁ‘ﬁﬁommnws

size and wei ght of the apparatus. Also, since the
automati c notor stopping/ re -driving neans can
automatically shut off a current to the notor in the
event of overloading,' and automatically re-drive the
motor at a predetermined time thereafter, an operator
; heed not operate a swtch for re-driving the notor,
apnmwsmmﬂnﬁgnmrﬂ«abthfet prefant hényvenhannt kendrirddrease a

o T P RICRIoT RE HhGEERBriotey PRAGAIG SFAANAE gshotance

by &%@dbkytl’@]@é!n@nttl BBrBla¥nt Gl 78 xean+staid &ﬁe;rl%tg Blge, the
the operation |ever for feeding the drill downward Ig

drifyr meeerd s earsitdeeof o thdwnpradf high sppedel ézhemabydemalblmg

an 20 V\D}g 5400111904.3'3(:1_/ JE20($4/ 011 98 ar at% N b
aCBErars YHEASFe8eht T MRS on ety may be

sulf i@t t@WerS.ﬁ)%@dn@fdﬁé‘Q:cﬁihbfeé@é@rfete@ reskle® tdmatic motor
cutting resistance by use of the cenent carbide tips

St‘mmé!@/tr@—tihevengt [ mga@@lgeprwmectir idlm wbeor ellsctapabldrill

rotatin t hi speed enabl in
app & &eor St %Df‘?]cﬁ‘ eg?&‘% 38 ‘%Bﬁi]l(e SHBu g gEnHEFBrCUtter
frdiﬁi)be*i%g ddhigel be 9¥8klaﬂaa§ué‘9t8luc§vélolda&&rr?gased f eed,
the automati € notor stopping/re-driving neans
pr oWhdéd e ehecelictdiid deppbratpparabusing abthet present
not or nnul ar cutter from bei

vent the drill nd, ng
LoYEREISBANEP BrOReie R RE QUG GRtTERONEPeoR feebodient
it ¢jiaqt Bbcaﬂﬁékénép’%‘rﬁ{ﬁe%@. rl@ qrf nkhgpr E‘ﬁﬁeta variety

i nvention has been describ reference to on
of mwbadﬂnahipns|andeMtdnnaﬁqmmBenanthetﬁuﬁaetskthbeﬂnv&mtlon
the art that a v rletg

For example, t trol circuit illustrated in Fig. 4 can
be applied to any electric drill apparatus including a vertically
arranged type, similar to the lower profile type electric drill
apparatus shown in Fig. 1-3.

Further, in the control circuit, instead of the
- photo-coupler, an alternative electronic switch means or
mechanical relay means may be employed. Also, instead of the
current detection resistor RO connected in series with the drill
motor 12, a current transformer may be employed for detecting a
current through the drill motor 12. Instead of the triac BCR,
a photo-relay or a mechanical relay may be employed. Any time
measuring means such as a pulse counter may be employed instead
‘of the RC time constant circuit in the automatic stop/re-drive
control circuit 75. Furthermore, the drill motor 12 may be

implemented by a DC motor, and SCR, transistor or FET may be '-
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of nodifications and alternations can be nade to the
i nvention. For exanple, the control circuit
WO 20059 ¥ed in Fig. 4 can be applied to any @CEFPF04011093
drill apparatus including a vertically arranged type,
simlar to the lower profile type electric dril
apparatus shown in Fig. 1-3. Further, in the contro
circuit, instead of the photo-coupler, an alternative
el ectronic switch neans or nmechanical relay neans nay
be enpl oyed. Al so, instead of the current detection
empleSiest ahsBehaoopeehadttnageries wth the drill notor
12, a current transformer may be enpl oyed for ‘
det BBilagSReCEhire abadimengs ehandeilectydcofripl according
o Igﬁ%eﬁgeg%nth_nVén%(‘io% avela hgg%[l OR%SE?XbS&,ait is to be
nechahi cal” relay may be enpl oyed. y Time "nmeasuring
und@atsocducintagha Puveer ConiAkafotBYmbee@my! ayeh i ARkaRftails
of the RC time constant circuit in the automatic
of &hgpPeecaipiioneonf ridre Gubagiimenss, FRpEherEhee, thqpresent

: i L ' . :
it opTEs o, P, BB Plnen BHBIRS AOH R ourb shgog 288 Soope
as BETI 4h200410A4038cenpany el i disdiead of the triac. Wile
speci-fic enbodi nents of an electric drill according
to the present invention have been described, it is to
be wunderstood that the invention is not limted by
any of the details of the descriptions of the
enbodi nents, but rather the present inventionis to
be construed broadly within its spirit and scope as
set out in the acconpanying clains. 22 WD 20051011904
PCT/ JP2004/ 011098 CLAIMS 1. An electric dril
apparatus having a | ow profile,
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corn rising: a body; a notor nounted on the body; an
arbor having an axis and adapted to hold an annul ar
“Ryﬁk§6 gpaxial wth said axis, the annul ar cyj, (ﬁﬁ%&04m1ums
havi ng a plurality of teeth made of cemented carbrd
‘tips fixed to its lower end to enable the annul ar
cutter to effect cutting at a high rotational speed; a
speed reduction nmechani sm di sposed between t he notor
and the arbor for transmtting a driving force of the
notor to the annular cutter through the arbor; a feed
“mechani smresponsive to an operation of a manua
operation | ever, for novi@eptMe arbor along its axis

t r ct. the annul ar cutte attac
1y e arbor réﬁfﬁléifﬁi aR?%N@%ﬁSiggg;ngna R¥abhe ?gﬁ
co :d on a bottom of the body for securing the

electric drill apparatus to the workpi ece; the notor
bei AgPeslyabl e of rotating the annular cutter at a

hi ghy ?BE% ggh%%gdaﬁﬁoFggf%e ting a high speed cutting

operation ¥ ¥er wWith the cenented

car kamdaarmnoﬁavhhg aaxaﬁlgfantd@daaﬁtkw U ST A% B r cutter
direction different fromthat of a rotating shaft of

coxi@lnioh i maisanshetannlo \¢|uﬁ§erf bavéngfa pliarallty of

f t e ti_on sm, 2. An electri
cedf fiiad B e RRa oh PRHIS k3 Be el L8 M T En8¥d fanne
thecanpul aicnguttfe BWHOBEERE L B rid QRPA rlgiélﬁ'fo@%*t\iloﬁgl speed;

mechani sm which conprises: a main sw tching el enent

conAectRPeRd ineBEtios pecherbsn id spRswd PeOsLOM MG motor and
thePg££%§298%/gééggmlggigﬁ gn rf%f%% orceppfythe motor to the

annular cutter through the arbor;

a feed mechanism responsive to an operation of a manual
_cperaiion lever, for moving the arbor along its axis to advance
or retract the annular cutter attached to the arbor relative to
a workplece, and .

an adhesion base held on a bottom of the body for securing
the electric drill apparatus to the workpiece;

the motor being capable of rotating the annular cutter at
a high speed suitable for effecting a high speed cutting operation
by the annular cutter with the cemented carbide tips;

the axis of the arbor extending in a direction different
from that of a rotating shaft of the motor which transmits.a driving
lforce of the motor to the speed reduction mechanism.
2. An electric drill apparatus accofding to Claim 1 further
comprising an automatic motor stopping/re-driving mechanism
_whlch comprlses

a main switching element connected in series between the
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a current detector for detecting a |oad current
flowing through the notor; a determination unit for
Waei085/0i1M4ang whet her the [ oad current detect edCiyIPeiva/011098

current detector exceeds a first predetermn ned

reference value; and a control unit for controlling

the main switching elenment to turn on/off, wherein

when the determination unit determines that the |oad
current exceeds the first reference val ue, the

control unit turns off the main switching elenent to

ot L ngf £ Fﬁ?ercgﬁﬁﬁgg;flomﬁng t hrough the notor, and

subsequen when determination unit determ nes

t hat therkaaddeterest decre@asestiwg Helsaml terrddanflowing

the first reference value, the control unit turns on
thaopghnding BWteEHi ng el enent at a predeternined tine

after t.er.nj._nat j.qn, : c fr

e S R R S

cumap@par atldseatedr diyngthe Quwairank, dheeetor tdwreadizestonfirst
base caonprises a magnetic base_having a magnet. 4. An

prefederiiacdy e eEppararasuatciding to Aaim 1, wherein
t heaaébﬁt?f)ltnﬂ?i@rf%@ cb§t§ﬁ9ﬂ&gtﬂ@ lrrbéiBeEQEEghﬂggaélement
the art of 5.

to that o rotating s the notor.
to &heat bn¢odr) | Whappht athis, thenpeiternghationoboit fdetermines

rotating an annular cutter; a main switching el enent

thadordhsctiRpd Feereds vetaRsn e Lifstlorr HfiF H SovErve, the
corﬁ:lfp.ﬁl Mﬁiﬁ%ﬂsegtffdﬁ{eegﬁggu é@ft&%ﬁ%’lgﬁeﬁtl ‘9@%111.1%: off the

current ng throu he not or; eterm nati on

cururint fidlowdeicersNyuuyl Whet hertdihe drehduidsaMlently when the
det%?:?n?t}l%%:li%%ﬂrur?g /d]eﬁ):%g:gnﬂlélgélgr?ast the load current decreases to
be smaller than the first reference value, the control unit turns
on the main switching element at a predetermined time after the
- determination, to supply the current from the power supply to the
motor.
3. An electric drill apparatus according to Claim 1, wherein
the adhesion base comprises a magnetic base having a magnet.
-4, An electric drill apparatus according to Claim 1, wherein
the axis of the arbor is substantially perpendicular to that of
the rotating shaft of the motoz.
5. An electric drill apparatus, comprising:

a motor for rotating an annular cutter; .

a main switching element connected in series between the
motor and a power supply;

a current detector for detecting a load current flowing

through the motor;

a determination unit _for determining whether the. load .
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current detected by the current detector exceeds a
first predeterm ned reference value; and a contro

wdobshQbpcontrol ling the main swtching el eneny _
turn on/off, wherein when the deternination u%&gﬂ%&m#&umm

determ nes that the |oad current exceeds the first

reference value, the control unit turns off the-main

switching element to shut off the current flow ng

t hrough the notor, and subsequently when the

determ nation unit determ nes that the | oad current

decreases to be smaller than the first reference
currginge, dehectedt kgl theét aupnentondehecharn eswictectsi ng  first

nt. at. predeternmned tinme after the
Préﬁﬁﬂgi%ﬁﬁ%% %ﬁ?eFSngﬁpﬁ?gu?hea% rrent fromthe power
suppl ¥oh@rblaun iRk cEnt D1 Bl EFHHE rfllinl LwaPPRE AL USl ement
according to aimb5, further Tonprising: an arbor
to Rarngndnffxi shanelin othen rifpet Detamndhationt teit determines

ttached to its | eading end about, the axis extendi.ng
thal, ey 1R | BT TS0 Aol tHAS ofTof SN (g lue, the
nghafit uff ¢ the-TPLEE . tHe AR RS L en gl
e accor‘élli ng to daim 6,e mmﬁgpe%ﬁé%%%%glghgﬁﬁﬁ@gﬁo?ff the

curirengy fStcarinigal iy opghpdhdi cuitanr,t addatulsfequdntly when the
rotating shaft,_of .the.notor. 8. An_electric dril

deteRiinaldon Tt Qs TTnerarin's thmbat RS CfifGFaRses to

be SM&1BEr QAR LRES G FBBFERLY vAR OLHECBRILAA unit turns
carbide chips fixed to its |ower end and at positions

on gpposicig swipkbinpi eyenénbwat f pratietstmiptebvieime after the

‘ trespecgci.vel,y. 9. el.ectric drill apparatus according

detEETERghB; FUSURBLY HHFITERRG: T EPR ddsnRower supply to the

motdetermnation unit for determ ning whet her the | oad
current detected by the current detector exceeds a

6. sec@mde2Bctric drill apparatus according to Claim 5, further

comprising:

an arbor having an axis and rotating the annular cutter
attached to its leading end about the axis extending in a direction
differept from that of a rotating shaft of the motor.
7. An electric drill apparatus according to Claim 6, wherein
the axis of the arbor is substantially perpendicular to that of
the rotating shaft of the motor.
8. An electric drill apparatus according to Claim 5, wherein
‘the annular cutter comprises cutting teeth made of cemented
carbide chips fixed to its lower end and at positions opposing
a plurality of swarf exhaust grooves, resbectively.
9. An electric drill apparatus according to Claim 5, further
comprising: |

a second determinationunit for determining whether the load

current detected by the current detector exceeds a second
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WO 2005/ 011904 PCT/JP2004/ 011098 reference val ue

er than the first reference value; and a
Wi)g?ﬁhfl?/?ﬂ%% indication unit for indicating a no?ﬁg 20041011098

| oad condition when the second determ nati on unit

determ nes that the |oad current does not exceed the

second reference value, and indicating an overl oad

condi ti on when the second determ nation unit

determ nes that the | oad current exceeds the second

reference value. 10. An electric drill apparatus
refaceocdi Nglue Eralies, thvmereia fiﬂﬁt(ﬂﬂﬁeaﬁmcﬁeWBdMQr asd

a fixed reS|s or, connected .in serie w th, the, not
and®maPAdsaPEThT P e‘r%ﬁéﬁ*ﬁqcﬁo& Soihufer Yoftageing 2'normal

1o2@DLEh A6 SEEASS e sEeSha IRt LARHaSRERdIN0: H%t%Eﬁlh@@dthat
current, and the first determ nation neans is adapted

thet boaéocmmeanmeloevom’aggmd ebposritoyl tre felreniceadalue, and

current, and co v,0l t age th a firs . .
indicakingean, gy ehyed ‘?’E@&&? ef‘o%ﬁes‘???%‘? determination
uantQi@tE@ﬂ&ﬁlé@hHgttt@ledféé‘& ghReeuh %:J&%redtshgné Qo F&lrence

exceeds the first reference val ue. . An electric

valgei.l | apparatus according to daim 9 vvher ein the
current de ect o a fixed resisto ected |
cor PELCLERERS Pt bk BPPAAG CHReSHar oL A Ag 8] Brefherein
10 OHERWHr 2t0hd 888 0 PBEA REHe@TeRIBtR SRS in series
corresponding to the | oad current, and the second

witbeteenmpabkoandnmaihssaﬂapmbmgteﬂemﬂnﬁ\Mpt¢mtpunﬂazﬁpitage
corrgs ondinﬂ:to the | oad current

th
ot IR e dgahor ar et et s6 EBer fad st

angt O the second reference value to determ ne whether

the | oad current exceeds the second reference val ue.

12. the Eiestrdeternidapparedars doecadiipied dClrenise the
vol\égge;craeclzonrresponding to the load current, and compare the voltage
with .a first reference wvoltage corresponding to the first
reference value to determine whether the load current exceeds the
first reference value.

11. An electric drill apparatus according to Claim 8, wherein

the current detector is a fixed resistor connected in series
with the motor and the main switching element to output a voltage
obtained across the resistor corresponding to the load current,
and

the second determination unit is adapted to receive the
voltage corresponding to the load -current, and compare the voltage
with a second reference voltage corresponding to the second
reference value to determine whether the load current exceeds the

second reference wvalue.

1z2. An electric drill apparatus according to Claim 5, wherein
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26 WD 2005/ 011‘904 PCT/ JP2004/ 011098 the control wunit
conprises: an "on" state self hold unit including a

wo 40847019994t ching- el ement, for holding the fi r§1CTJP2004/011098
switching el ement in an " on" state when a star {

switch is turned on; a control signal supply unit for

supplying an "on" control signal for turning on the

mai n switching el enent when the first swtching

element is in the "on" state; a second swtching

el ement which turns on when the first determ nation

unit determ nes that the |oad current exceeds the
thefFP§FrPéf€Péﬁc€°WE¥h%esto prevent the control signa

supphy~ggan Q the “on _control sign | ,
irr gépegﬁl v%t%{‘é &Ihgel i rs O{ u%qttcﬁpﬁéugﬁlé‘ﬁeﬁt ’%hjéf’?lggf#cmng
eleteet, offor $tcdidd ngatide & ittt swi@él@ﬂxﬂ@le\&%ﬂe@ltt D€ an “on” state

determ nation by the first determnation unit that
whepna shagtingr éﬂ%t‘F% %%d@é@he%é?w the first reference

val ede e first,

r ef g?%%ﬁ:%&%/laltsggflag %:[%l ng o?ggt%]‘épd%fé@&?% 28 PR hiFRprErol
sigakéntar mrnmg)roeﬂeh@rmﬂﬁcbwiﬁfﬁuﬂfd et when the first

determ nation, 13. An electric drill apparatus

switchapdi RSTEnt) bF i, ththetenh statemain swit chi ng
an Poregie i idind B iRe PReFBurHERS pfirdhen % firer

a

detemﬁ.nhtmgn i Bt Setle@ini nker that ding 1R bk $bnsWe i CHLNY the
transistor in an "'on" state when a starting swtc

firgg ﬁﬁﬁi’éﬂl%valaepm Eﬁﬁﬁaétf@e enittroheidrghlt shyply means

t h, ent
froﬁ%%l ngR{dr anS| s cog Fﬁ Mloﬁrrgﬁg@g{;lv% of the first
swzpbmﬁgt{eJLaﬁe@@rks@pﬁ@dubeéﬂ/@e*bra' Q@& ANGRn anode or a

cat hode of the triac and optically coupl ed to. the :
pho? odnddle sepsponsive to the determination by the first
determination unit that the load current is reduced below the first
reference value after the load current exceeded the first
reference value, for turning off the second switching element at
a predgtefmined time after the determination.
13. An electric drill apparatus according to Claim 5, wherein
the main switching element is a triac, and the control unit
‘comprises:
an “on” state self hold unit including a first switching
transistor, for holding the first switching transistor in an “on”
state when a starting switch is turned onj
a photodiode for emitting light by being supplied with a
current when the first switching transistor is in the “on” state;
a photo-triac connected between a gate and an anode or a
cathode of the triac and optically coupled to. the photodicde so
- that the photo-triac is turned on by light emitted by the
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that the photo-triac is turned on by light emtted by
the 27 MD 20051011904 PCT/ JP2004/ 011098 phot odi ode
WO I1™Me triac with a gate current; a seconHCT"'H’ZOO“"011098

swi tching transi stor, responsive to the determination

by the first deternination unit that the load current

exceeds the first reference value, for bypassing a

current of the photodi ode to extinguish the

phot odi ode irrespective of the first swtching

transi stor being in the "on" state; and a unit,
photespodsi ve swpphe et errdatwiah by oete thistnt;

determ natign unit that the |oad current decreases to

be 8maFPEPRdt haKIFRBINGr strrRFéPEREe VAPSRORFEEP the the

deth@RInGHEbENLYCHFROUAG o f NG {ditn I CELL VEALE: £h" 10ad
turning o he secon swtching transistor at
curpeatdetaraudiedh¢ ifde saftefetdicdes Baea) lfa:h:ibypaslﬁng a current
of the photodiode to extinguish the photodiode irrespective of
the first switching transistor being in the “on” state; and

a unit, responsive to the determination by the first
determination unit that the load current decreases to be smaller
than the first reference value after the load current exceeded

the first reference value, for turning off the second switching

transistor at a predetermined time after the determination.

28



