DESCRI PTI ON ELECTRI C DRI LL APPARATUS BACKGROUND OF THE
I NVENTI ON The present invention relates generally to

wanomsloevsi c drill apparatus, and nore parti cub@r/iig004011098
an electric 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 |l oadi ng. Nowadays, in carrying out new
construction, repairs and the Iike of a variety of
bui | di ngs and so on, there exists a need for drilling

wor kpi eces conpri sing I materials such as a
steel cage and the Iikzﬁﬁgﬁgg&gbgvided at or near

positions at whi ghetherwonkpiecescazerad t ached to
buildings. It is therefore necessary to transport such
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places. In addition,.a drilling operatio st. be . .
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wor kpi ece is attached. Thus, to enable easy _ '
havimnmeport rRePéhlamdbpérat¢did aukemabieapler erAgive a drill

spaces, a reduction in si,ze,and weight i.s_requi.red.for
mO R AT Gr P Sppar &t boet ok Convertronar ™ e Svent
of &b eLtTdLiidfd .| | apparatus typically conprises a notor,

an arbor supporting and noving a cutter for cutting in
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of nmovenment of the arbor. Such
steel cage and the like to be provided at or near positions at
which the workpileces are attached to buildings. It is therefore
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.

A conventional 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
transmission 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



vertically - arranged electric drill apparatuses are
generally large in size, and can thus be only used in

wo povstedooper ati on areasand have |imted portabCt/oR2p04/011098
In contrast, WD 00/54915 describes an electric dril
of arelatively low profile, in which an arbor has a
rotation axis which is substantially perpendicular to
a rotation shaft of a drill nmotor . Such a |low profile
type electric drill apparatus is reduced in overal
| ength as conpared with the vertically - arranged

e nd .i.ts, caonpact .si.ze increases its portability.
anc* ﬁPaﬁfdedgtlim&ﬁ,edJgﬁgﬁggélﬁ’ayént Publ i cati on (Kokoku) No.

3- 78209nakdsd ppamens PatienteBebl be sDhs cd st el £ Kekail) of a
No. 2003 - 25122 describe vertically arranged type
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sud@ ectirdue pddrlil capppeat Usc 8si @b@vel happiratus is reduced in
el ectromagnetic base for fixing the drill apparatus to

overapk kphetk apcenapredaiidtabhe vritiichAg yopsranpes.type, and
., However, to enable a size.,of such a.drill apparatus to
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made snmall. Due to its small size, the el ectromagnetic
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apphBOsusd d heugh &BSﬁﬁHﬁpﬂBhﬁﬁigégQiEhﬁcﬂﬂbh|of automatically

appar atuses described in the Japanese O fici al
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an electromagnetic base for fixing the drill apparatus to a
workpiece to enable a stable drilling operation. However, to
enable a size of such a drill apparatus to be kept small, an along
with other parts of the apparatus, an electromagnetic base of the
apparatus 1is made small. Due to its small size, the
electromagneticbase is able to exert 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 Officlal Gazettes above have an
automatic stop function when motor overlcad 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



conprising an automatic shift nmechani smwhich noves an

arbor in a vertical direction. Thus, there exists no
web@swiive4 dri | | apparatus having a manual shi f PCT/JP2004/011098

mechani sm for an annular cutterwhich is provided with

a control nmeans for automatically stopping driving of

a notor when notor overload occurs. Further, there

exists no electric drill apparatus having a function

whereby a notor is re- driven after it has been

autonatically stopped due to notor overload. SUMVARY
whlch IHE\)/\J}&%/%\%A wfl Ehecgk%§gﬁ]t%%g}lve@&:oa{h{}%§a I’l %@opplng

oregoi n ens experienced I'n-t

dr:pflrﬂj A ta el medr mb{:oﬁp@@éﬁl@@(ﬁsocﬁ)iﬁmﬂ i Fuedher, there
above. It is an object of the present invention to
extlgvinde ed 45w isr ofitillé Fylbér%’qﬂé%tfﬁ‘élrtﬁ iq [fugssaratr wgereby a
r d t t-her
mod% eg? %?cﬁgH&ﬁ%ggg%? ?ﬁ&% Hg%?% %%ﬁ @ topped due
to Qﬁ&fdﬂ eaxta/ﬂe)aei ectric drill appar at us whi ch is capabl e
of being stably fixed to a workpiece. It is a further
obj ect of the present invention to provide an electric

At is capable of automatically
SU&MA%% fﬁ%éﬁ?ﬁﬂ% . .

|V|ng a notor Tollow ng automati c stopping of the
not ahedp@et On HbRie @Y @hl 98¢l beanthadd €h Jiasy arsin®lferegoing
configuration to inprove operability . It is a yet
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' t dr.ill apparatus which is capabl e of
exang%ﬁ%%%r%?%é?h a normal and overl oad work condition

of artmits0kn Ipjaebi eVe-HN@rabeve objreetsSonthe gresenrt a low
i nvention provides,
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
to motor 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 is 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, anelectricdrill apparatus having a low profile,

which comprises:

a body;



in a first aspect, an electric drill apparatus having

a low profile, which conprises: a body;a notor nounted
wonoosledbody; an arbor having an axi s and adapP€miJR2004/011098

hol d an annul ar cutter coaxial with said axis, the

annul ar cutter having a plurality of teeth nmade of

cenented carbide tips fixed to its |lower end to enable

the annular cutter to effect cutting at a high

rotati onal speed; a speed reduction nechani sm di sposed

between the notor and the arbor for transmtting a

driving.force of the motor, 1o the annul ar cutter

a tor mounhted A .
t hr ough the arpor. a'f e nec%anlsn1respon5|ve to an

operaat & Bivo Ohadr iMBNaRL 0Bt h@Mpt &Y eb, hd i s dheutter
arbor along its axis to advance or retract the annul ar
coxxitalemizht aehdd® oSt FEcarpoila(cattitee havandor kpiveed ity of
d_a esion, base _for, secur] electric dril
ce8iafledt Toh PRe 005 b e TR B8 BT E a8 o0 gpacne
thd GiniilRG thetanntd it feltt ehit@ind A ghh spread st taakliespeed;
for effecting a high speed cutting operation by the
ann@ apeedt¥efuelion Meehaapemt EFREFYs detieps; thaaotor and

Xi of the.arbor .extending_ in. directi i fferent
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ant BS et dh e i d g @ HeOlag® ot the notor to the speed
reduction mechanism In an enbodi ment of the electric
drild fRsshrmadmnisie teepensiys ftar eBRepresapirsesfap manual
aut.omati.c_notor. sto mechani sm

o AR b de Vs e SPHIR T @Bt BoAnbes cuih Lo Sdvance
or S e thehweaAnting rNol Of e ARA t& PRWEE oSHRPP| ¥ribor relative to
a workpiece; and

an adhesion base 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 the driving force
of the motor to the speed reduction mechanism.

In an embodiment of the electric drill apparatus, the
apparatus 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



a current detector for detecting a |oad current

flowi ng through the notor; a determ nation unit for
waledasomond ng whet her the | oad current detect edr@yIrdoe/011098

current de.tector exceeds a first predetermn ned

reference value; and a control unit for controllingthe

main swtching elenent to turn on/off, wherein when

the determ nation unit deternm nes that the | oad

current exceeds the first reference value, the contro

unit turns off the main switching elenment to shut off
the curren

flow ng through the notor, nd ,
th%dﬁ%ﬁhu%‘ﬁﬁﬁhﬂ%ne?ﬁ@eagt g?m!;chlgtni c?ﬁl/{?rﬁf? R Fhiheghen the
dettdyati e dnoad ieUgE e8tmOREs adsesthe beasmldeind Radethe the

first reference value, the control unit turns on the

firgi nreferemtagvelesentthet eorpredet @b nedrppnedf tidre main
the determ nation, to ly the current fromth
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magnet,” and/or that the axis of the arbor is
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0FnGEREPOh ther R buPRed n BELL I L LGP T SLotent at

pré&PPad At ided Wiheh CUPELE @t e@mTBReR ohrté QLR B current
annul ar cutter; a nmain switching el enent connected in

froeriles metareevady ot dheandtar povler isupgleferabder téat the
ddet,ect r for detecting a Ig%%1c rrent flow n thrqygh 4/or
20hhe O EASS §OBBTaERE AT PPOE DB EPH hifRghet,  an
th¥bethesci bed ead srrsent desacded by BerpuhleBhilar to that
detector exceeds a first predetermned reference
of vehaieyotandirey com folofuniite frotogentrol i ng the main
sw tchi : .
f%.gngegéggﬁggpect, 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 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 the main switching element
to turn on/off, wherein when the determination unit determines
that the load current exceeds the first reference value, 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



to turn on/off, wherein when the determ nation unit
deternines that the | oad current exceeds the first

wo edospoervoe val ue, the control unit turns of f tPeT/omeioo/011098
switching elenent to shut off the current flow ng
t hrough the notor, and subsequently when the
deternination unit determ nes that the | oad current
decreases tobe snmaller than the first reference val ue,
the control unit turns on the main sw tching el enent
at a predetermned tine after the determnation, to
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arbor having an axis and rotating the annular cutter
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in adirection different fromthat of a rotating shaft
MOWiTthe motor which transmits a driving force of the

not o 9 theRAiReht I0F s c@gbedi AeAkillt abfaratus of the
preferable that the axis of the arbor is substantially
seperpentiectl athecappataofs thietheracPnpgr shatt f arper having
notoor. I.n_a nbodj.ment_of. t he ectric drill . .
an g 2Pt TOr 2 hRsb RO M S EuEERE BT A7 iRt dP Leading
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fixed to its lower end and at positions opposing a
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enbodi nent,_of t lectric drill tus .of th
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| oad current detected by the current detector exceeds
of atlse corich rigferenc vl ddiesmeltiogr t han the first

reference val ue; and | .gad condi tion i.ndication unit
For Thare AT Toad GONALE] 67 ied PReAES Of the
second aspect, 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, respectively.
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 lcad current does
not exceed the second 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



second determi nation unit determnes that the |oad
- current does not exceed the second reference val ue,
wan@siondpcat i ng an overl oad conditi on when t hePGEGRR004/011098
determination unit determ nes that the | oad current
exceeds the second reference value. In this
enbodinent, it is preferable that the current detector
is a fixed resistor connected in series with the notor
and the main swtchingel enent to output a voltage
Fbtained across the resistor correspondingly to the
oa rrent d_the d n ni.t s
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ec ¢ drill ap pa at us o e second aspect
cothessendiany tdetiestseicansl aeféxetcd esilsteot o crirent itk ihether
series wwth the notor and main switching elenent to
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voltage with a first reference voltage corr ondi n
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In an embodiment of the electric drill apparatus of 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 “on” state; a second switching element
which turns on when the first deterrmination unit determines that
the load current exceeds 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



switching elenent is in the "on" state; a second

switching el ement which turns on when the first
wa@ledaosomonat i on unit determ nes that the | oad cPCT/@Pn04/011098

exceeds the first reference value, to prevent the

control signal supply nmeans from generating the "on"

control signal irrespective of the first switching

el enent being in the "on" state; and a unit,

responsive to the determination by the first

determ nation unit that the | oad current decreases to
sm?ff l’él‘%{n t{}?éq 4 (]:fdtr%err fc%r %Ci%evactlflﬂ%rafthgr 1%%? current

oad current excee |rst reference val ue
exteededgeied ffitdse sedemdnswl vehuiag £benentniatg @ff the second
Swgredetermned time after the determ nation,
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and the control unit conprises: an st a e

sesehd - MSpebtuuﬁhermﬂnnhsu}trﬁungﬂekemdwthumgatmanﬁbstand the

for goldjng the first swtchin tranS|stor(%n an "on'"
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current when the first switching transistor is in

trapaisseatie; aa Hhot ¢tattea waencamiecttsichhetwikeh Bs gaizmed on;
nd ap apode or a cat hade e triac a ptically
2 R Sorephot B ooy e L Sophaeaa v 6 3 Purrent
whEHT RRE @R RY |s'wgt%tch9.%t ted Ry sthe pRotiadiode tgnsupphye; a
the triac with a gate current; a second sw tching

photaﬂsrsaQrqonmﬁqnﬂﬁnbﬂiwa@nthegdééeandn@mlanpdg/dﬂua cathode

first determ.nation unit that the | oad rrent exce
of HIS freGt P BR ot LY o UuBRGE by s PRe CRos P eas e the

phbRE-Phot 0di de; 1 £ RGULSRREhEnPPELEL PTG e photodiode to
irrespective of the first switching transistor being

Supplym@é%ﬁiaSWatbéi@mﬁaaumnent,Eesgumsiseltohthetransistor,
reggtggg ?ﬁ??&q%%&géﬁgg%@ihégi %Ig%ferr&' ?nggg éjeni!_érntllhnaattltohne unit
that the load current exceeds the first reference wvalue, 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 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.

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;



than the first reference value after the [ oad current

exceeded the first reference value, for turning off
wo b@spevond switching transi stor at a predet er PCTY@RR004/011098

time after the determ nation. BRI EF DESCRI PTI ON OF THE

DRAWNGS Fig. 1 is a side elevation view illustrating

an appearance of an electric drill apparatus having a

| ow profile according to an enbodi mrent of the present

invention;Fig. 2 is a plan view of the electric drill

apparatus illustrated in Fig.l; Fig. 3 is a cross -

SeCtEl'io .al 2 Sﬁ.geae!rpﬁ\é%t qu.réWVICﬁéN 19(6 t Qfe(%!:lefé r&fi?i' la!pparatus

apparatus, and Firg.4 shows a circurt dragramof a
iltisttated oin congrigl ler in the electric drill apparatus

according_ to the present invention . DETAILD .

DECRIM ON OF EVBEDFRERTSC YPRA! r 214¢ ehit@VE b ¢ g¥ley.- of the
cldetinere - w4 Iy \¥J¥%§?qgn@ined the electric dril

appar at us acc Ing to one enbodi ment of the present

I nvemnig on.shasisshowhr cuni Fidiaghant b€ el @ciYl ocnadrdd lcontroller
_apparatus conprises a body 14 which is_provided with a
ingrihg RBEEFTIZ; Hnllr bBPPEBAFBF AR HG %n anniiGr Present
in?&ﬁ%f&n? attached on a |l ower end of the arbor 18; a

eed nechani sm 20 for advancing and retracting the

annul ar cutter t; and an el ectromagnetic base 41 held

on_a bottom of the body 14 and containing an
DEE@%%PrB%%@%%QIQ%)OE(ﬁMggﬁﬂﬂﬂﬁﬁf the body 14 on a steel

'nataﬁi@ﬂ fgf%ﬁgiéé K% W@bgh h33§OtQ§rgr&iifﬁhoﬁnﬂ% explained

electric dri apparatus al so conprises a nmanua
theperattoic |[dnidrl 38phoatdsiacagrdig freednaeahiamd sme20,0f the
and a handl e, 42 over
present invention.
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



the notor 12 at an upper position of the body 14. The
motor 12 is fixed in the body 14 such that its out put
wab@bin1i984 ori ented horizontally. A s ill ustratrdr/oPeo04/011098
Fig. 2, a power supply switch SWPWis disposed on the
top surface of the handle 42. An instantaneously
returning start switch SWn and stop switch SWof f are
al so di sposed on the top surface of the handle 42 for
starting and stopping thenotor 12, respectively.
.Eurther, i ndi cator |lanps LED 1, LED 2 are di sposed on
t he .top surface_of the \ i ndi in oa
mo Al M, BRI (R Ty pst i tt psg 8= 47%8D 2
ardeseided bat enei togreptRicedetathe HdredldER2] fowhéndicating
turned on, indicates that the |load current is normal,
a lemol surenitEpordifhen eiried "eoTi hdi cdtedtidd HfePrEggled
i ght _or_.he ndi,t | t urns
g R
thd 0164 eheeénoNMpgnedbrhdl ( Fiigild)the Lhe 2) esheomagneed on,
base 41, thereby securing the electric drill apparatus

in@bc?t%r%i%‘t%? otk (Heghét € BaEYA1CPRIpEEPRr abl y

confj gur ed dj ble ip.a [ | at. 0
e
el &8t s gveyr aldnelicttbet oagnetdle dtasmadheitsS3eCbied On im the
. wor kpi ece, the bodI 14 can be noved for centeri ng of ,
eleperemauncl Saseerits t BAeHRPVWPRFIEERY Réferptagifps drill

Fiq. d . : . : .
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ed between an out put s the notor 12

coARdgtihed afH e 1R eamplieses a bevetigearelldtaivea to the body
pl anetary gear decel erator 17b, and spur gears 17c
1437d Byi7eakime §Beelielatiigh MRHENIEm AP Yol at gfter the

nabBELOLBLLEN 144 I i OLOLc1 2 800, SOV U, 34, can oo
mo@efotati 8@ntering of the annular cutter t to the workpiece.
Referring to Fig. 3, the deceleration mechanism 17, which
is connected between an output shaft 12a of the motor 12 and the
arbor 18, comprises a bevel gear 17a, a planetary gear decelerator
17b, and spur gears 17c, 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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shaft extending in a vertical direction, which is

rotated by 90 fromthe direction of the rotating shaft
wobosshelonot or 12. The arbor 18 conprises a prORCTERP2004/011098

rotating shaft 22, an internediate rotating shaft 24,

a distal rotating shaft 26, and a hol ding cylinder 28.

The proximal rotating shaft 22 is nounted to the body

14 for rotation about the vertical center axis and is

connected to the spur gear 17e of the deceleration

mechani sm 17. The internediate rotating shaft 24 is

t.el escopi.cal.l nt edgn th roximal __rotating shaft .
on S S350R5 oIS B PE e €' Al Mt
anfel YeRPy AP &XbENResh PAs| & 1hdditocsN@wh aRéta shown) and a
retracted position (as shown in Fig. 3). The

retpr et e diric ishafes2ahsyn ght IRLdover| apse viinteiunrdiate shaft
proxi.mal rotating shaft 22 in t.he.axial directi .

2 PR on Sl s PARD ot e R ey abhrTap et o e
axife pr@xchabnr ofiat thg shathddd ipdstifteoaxi athdid eeti QArgely
at the retracted position, and they are rotated . .
ovepger e L the PHexphekinvaktisgahiafd shanttippaxipé direction

i.stal .r i,ng . shaft 26_i.s..t opi.cal | n n
=t EheRRE b aret T ot AaC vt 3% By e SPOHMEER, dfn ene
pr6RNALTt r6Batang khafBvable Detweestan exteddrd shaft 26 is

&gsitipn (not shown) at which it slightly overlaps

tehperopheat hy erqrEtiat o bhat i HpEiraia 24 rogathegaxipaft 24 by
irectiQ d et r.act ed_paqsiLi |0 Fia

o) O AR o, PR PP n e et Jrgence

pok @t abh ngnshafdhodd )i iy hehisoti alt ds1eght Op. o¥beldbst @ith the

_rotating shaft 26 is rotated together with the

intareedbdtat Eofetanpnghshaf £424n THee hatdrhgdéyprhder and a

S i.stal _raotati ng _shaf r ot at abl d i
reﬁgag?ég P%gﬁﬁgogogfslfﬁégnagjigﬁﬁ%vg§%ngﬁhgg§§¥aﬁ% lé%gely
ovakLgpki RDNthogrRt heht¥khddidiee disiadidptsad g shafd 26 axial

.The holding cylinder 28 is axially novably

direction. The distal rotating shaft 26 is rotated together with
the intermediate rotating shaft 24. The holdingcylinder 28 holds
the distal rotating 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

ball 26a.
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supported while it is prevented fromrotating by a
gui de cylinder 29 fixed in the body 14. A needle
whea@siongo80 i s interposed between the distal rPCHIPAW/011098
shaft 26 and hol ding cylinder 28. A |ocking bal
(1 ocking nenber) 26a is attached to the |eading end of
the distal rotating shaft 26 for hol ding the annul ar
cutter t inserted into the |eading end of the distal
rotating shaft 26. A rotation operation sleeve 26b is
a:fo proviged for operating the |ocking ball 26a.As
[ strated in_ Fidg. . the f [ C 'ﬁﬁ%ﬁ
a ng§ahf%u?%ﬁit%qgﬁﬁéﬁﬁédgbn éﬂ%ﬁ?@%c@%? ggEQQPé%he 59
a RlgilRg reyhi Bdemo2@tandoaxtradonget nspafate ebf wihd hdlding
axis of the arbor 18; a stationary rack 32 fjxe Q
Cyltﬂmletrloa? aud Qe idday N f R At iwﬁtBaF]é\?lae}Fl%vic&h Fﬁearbor
nova Ny 31, .an L di n
10 o PGy §3°Tn Ret ki Ehaasernt thercareh. “Uhon "
and@ndd4d 1 g apenath®movabperfarkmdd; 4k achembon S4oflisposed
the arbor 18 remain at the retracted position,

betstisn e [, TROKThér, PR pRrFBERIRY SERITITHy herewith.
operat i on Lhe.the : iS4 0
the "dri bnéggaiigatﬁgggg f% EH%EEéFg%g%FénEﬁgg%ég¥§ﬁ$s ot
thd Gred tBerdinsial at oftat ireg rabattl 2@sitinder nedisdtoern in Fig.

rotating shaft 24, and distal rotating shaft, 26, the
3. of&eayi bR PRUEPIBING @ fEdilpildt T hEP by IEAfsithy ERABULET

cu ieni %nis‘?’%ot\:%tre%t%%h%ngrﬂ B‘E%rdﬂ"”ﬂ‘l‘\@ﬁ‘lgﬁntﬂ@@eceleration

statronary rac to nove the novable rack 31

me Eloavivrs d17 ebatii whel adidtenlpi it i3 $smafthi 82wayptehgediate
intermediate rotating shaft 24 apd distal rotatin .

rosNEI1Y Zh e Mot AYH G SRt cHUEH SRAT AT (4 ngEhperation

L2 9 AR Ep 0T, TR H R B0 R s
and advance downward on the stationary rack 32 to move the movable
rack 31 downward relative to the pinion 34. In this way, the
intermediate rotating shaft 24 and distal rotating shaft 26 are
set in an extended state to bring the arbor 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. 1In 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 carbide tips to the

12



of the distal rotating shaft 26 to advance toward a
wor kpi ece. A drill feed notor may be provided such
W0 b@s/ottve4 notor is drivingly connected to the PeREP2004/011098
mechani sm 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
di sconnected to nanually or automatically nove the
annul ar cutter t . As illustrated in Fig. 1, a
plurality of cutting teeth t2, each conprised of a
ted carbi ' re fi t .posi.tj t
B g R R
be f ind g ddie we thbuRgcheet hig teh igpipiy 8€dtvé Ceteii@eddge. This
. carbide tips to thecutting edge of the annular cutter
1s5¢in FﬁétFéﬁgti‘r%@é’l ABPBEYT CEIT U5E AP s &d R ERBRE steel. As
i.ng_ chi.pi f . ti] e This is i -
2 e e P T By dT s 3 e ing speed
castieel indsesdsddesult, a cutting resistance can be
reduced and a cutting speed can be increased.

ConsEtRaISAt lah @t @IaE il A 1dgpaPRrGS tii dhig8eyses an
n
anﬁleggrcgg’%;]etrc %a%rn$%%ﬂé%tga%g£ﬁgdgaEP%?,iel%é ]Eéqe&-_%% Resent

i nventi on, can increase a
inaabuidn, adsh atoordangl ¥ dapidvédetihrooghput aatl accordingly

o drilling operation is attained. A cutting, speed |,
IMBEPY & ?QHQQER$\MEF?zﬂ?%%%ﬁ@@aPpéﬁﬁFéPnhé§iﬁ@talned-

cenment [ [ ; a Lyt ting ed suj I
For sari TIe s rharar O] dP s SR G doaq ot cutter
hasi rgl camen tdas crd deidld ntipdowaha Setect imandkddsel Faalteble for
P.16 (First Edition, published by Kabushiki Kaisha _
usEA g SRUPPEM)AT Cifd Siofafe PF Ns9ReIRRabd e hatescribed

inﬁﬁg%vg:%%?ﬁg%é{:ﬁgﬂ&i‘.u%%eﬁgél!sfmP. @'{?E‘Es&%’&itiéﬁ@%ublished
prior art exanple) , and is suitable
byf Babpel f ot NKagsicaitTd inge opersatandns enpl oyi ng an

The motor 12 is selected such that 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 cemented 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 rectifier circuit, and 52 an AC/DC converter. The
full wave rectifier circuit 51 applies power to an electromagnet
53 contained in the electromagnetic base 51. When the power

switch SWPWwhich is connected between the external AC power supply

50 and the AC/DC converter 52, is turned on, the full wave rectifier
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annul ar cutter with cenented carbide chips . Referring

next to Fig. 4, description will be nade of a
wa@oousiogisnat i on and operation of a drill notor PCT/JP2004/011098

controller for driving/stopping the notor 12 of the

electric drill apparatus illustrated in Figs. 1- 3 .

In Fig. 4, the nuneral 50 denotes an external AC power

supply, 51 a full wave rectifier circuit, and 52 an

AC/ DC converter. The full wave rectifier circuit 51

applies power to an el ectronmagnet 53 contained in the

. el ectromagnet Lc base . Wen t f t W
3 G St SORHECT R JRANEEN THE ARrbPhar A Jnar e supply
50 SaRP! s0pp i2Rrd thBe rAGEDE 6@NVET t£fe S the tUkRedoddgnet 53,
the full wave rectifiercircuit 51 rectifies a voltage |
thérery ttheiagt e fal vt pendr 1l pitRa 50 U ansappl iaawstheblect
rectif.i.ed_voltage.to.t | ectro n
oy A Endoerserr TS AT SSRUPRPEY Sh X i e voleage

FroRjad teraanehtcobwe £esuddiey AG BE gofwesd edC 51tage (for
converts the voltage fromthe external AC power supp[g
ex80pter a2ti XedtOT vohigge 16f srupdldesl &0 2 ¢opEsyl unit for

coffiL S 1.5 SURPLL.&G 10, A LR Al; i faEgE. gontrolling

dr1vi ng of 't _ not or iac BCR is
provi dedh A5 FCHTEIN S ticidGselaef@iAh fsefitching element for
connecti ng/ di sconnecting the drill notor 12 to the

copReet g/ NG povikacisushlypesgriAl pheter - 14 riacimHantargal AC
povﬁv%?ﬂsglg}g)el% ?St Y‘%egth%té‘%git grﬂgorﬁ%&gnc%n%%@Se(:aéen a gate

term na rrac resistor

tet@UREEMndlaheghbdg (ESisttableROétmbnanent edel BrsecimR. A
with the triac BCR for detecting a | oad current

reff pp gl AUHITAIGh deke clinpl avt BFon) Rendst epaReBERd fheeries
A BEEED AFRPEAPL M LOEBE 0400, cnrou
th€0RLE Dl wbESHI12 7dnd triac BCR.

The control unit, which is applied with the DC voltage from
the AC/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 voltage across the
registor RO, and outputs the resulting veoltage to the smoothing
circuit 73. The amplifier circuit 72 has a small output impedance
(substantially, zero), and can rapidly discharge a charge

accumulated in a capacitor C73 included in the smoothing circuit
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an anplifier circuit 72, a snmoothing circuit 73, an

overload determ nation circuit 74, an automatic
wat@p/i®o4 drive control circuit 75, and a | 0aPCT/JP2004/011098

condition indication circuit 76. The OV OFF contro

circuit 71 outputs a control signal for turning the

triac BCR on/off in response to a mani pul ation 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 anplifier circuit 72

anplifies a valtage ross_t regi stor n .
73ou rp%lf%h the erSgLé,su Ot%i ﬁggvgﬁF gggg? ovﬂﬁea o0 Ols%gd%ller &S stor
RO78a1Thecamlidier idlCui £hé 2a@bi 8 SMedilr QUPUL2 has a gain

ingedance (substantially, zero), and can rapidly
eagpscharge Bexharye! decunul ated in a capacitor C73

i ncluded. jn..t Is i.rcui . .esistor

R R T L e
orzebt |vetutplite aopl bfi eheCigdthifig haisrauigai N3 eguakeds a

to or nore than 1 . The overload determ nation circuit
pPrediges by nises sfirstaere orligucalrebi pbe NJIpfvhdidrer or not

L hi n L Lcubt .73 a.previqusl .
th?e-gég%cgogg#tg%elérgﬁégggqﬁgdég %ﬁg h%r%gé%ﬁgg fﬁgrloaded
coflgiitionotioft 12 insawpey atdmigzddn such a heavily

overl oaded condition that it nay be danaged. The

aut oh PE LSR8 E EIRHARE BVt O FQUFE T 781 B Ot BN Erols the
t l.,Ci ' 7. i ' ,
ON é g g%}%nlng ? ]]C %qtrrcgltc b ECHi{h oafjt S}Mﬁy&]ﬁm‘.ﬁ:g %\?&S(grmaaigl c\:/a,]lelﬁ{ stop

stop driving ri

drikengouwiPihe\iti Df ndw@roverilioad tdet et bpatirano€i tkslidverload
74 indicates a heay{ overload condition (or Vrefl >
degpFpinagher gdeerdli calnglicatedrd heavymyadiidad aepdetion (or

v B! SHRLBEE R LT, RECARG, L O BEs 1A W 22 ase
a putasBéimbhéy StroPRRtiod 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 reference voltage Vref2 to indicate a load
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

indicate light and heavy overload conditions, respectively.

In the circuit as described above, as an operator turns on
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The |l oad condition indication circuit 76 determ nes

whet her or not the output VLI of the snpbothing circuit
wG20sncmeds a previously set reference vol t agePd/T/@p2do4/@ 1098

indicate a | oad condition of the drill nmotor 1 through

the LED 1 and LED 2 . The reference voltage Vref 2,

which is lower than the reference voltage Vrefl in the

overload determ nation circuit 74, is set so as to

invert the output of a conparator OP76 when the dril

notor 12 is lightly overl oaded and will not be

d d. The LED . blue) is t i .
en g TBrReI” 14 CoRlies SR Gn 1 AL S Ph Bl grg 1o £

anlMef)’ ESatyrdtednen tie aohic@btl! ynof i¥D&SLDVEH Waath a DC supply
condition. Instead of the LED2, two LEDs may be

vo bt ey deenttog AdY Batenviegiierahdl hdwAe eveFeph@L a transistor
ondi.ti e ti.vely. In-the circui S i bed
o SN 5 gr P SRBSSINEL Koy L0 ENSIY BV 93 SEREE Koo

52 Whidog ghheh P8 VRF + 8 WidnGit HVERVEN £ B R8I tall i@t hSttat@sistor
so that the control unit is aE lied with a DC suppl
Q7Votpae trsreehenAC BE eongenter 52cuarpasefégreenhrepgh a

oy LBTRAE1 B L S 808, DN CEF Sy Sl g

converter rou

op8¥ti Thy Y 1 ddnet € biyh € aptsd itg-dirid rangiNst @he@ébyt Fting a
turned on. As a result, a current flows through a
sebhokelding otfer PHII N Ao the Fremssd spret 871 -rel ay PH20UT

el SR ORUGRI GOMR e of Sty PhEL &, ~CLBAGPHBYS 10w

ormng a sel I'ng Circui

thtoagsi s oph¥d-dAsdéhepHIANStshaecE¥d i t yepedsonyi®h the
current also flows through a photo - diode PH IN ,
treppheetedih sarisdaIwktRe e triats PELOPTQMick aisiang igally

cofiha co SHSE b AT MLEN P PLALLLFRUE! o8 L1 o
thert ala BGRR ! R AGCPPYREr SERR Wy T iis eonnested t® dhe drill
moggéliZ to be driven. As a result, rotation of the drill motor
12 is conveyed through the reduction gear mechanism 17 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 circuit
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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notor 12 to be driven. As a result, rotation of the

drill notor 12 is conveyed through the reduction gear
wor@saniss 17 to the arbor 18 to thereby rotatBCT/mER004/011098

annul ar cutter t (see Fig. 1 and 3). In this state, as

the operator manual |y .operates the handl e 39 (see

Fig.l) to drive the feed nechani sm 20, the annul ar

cutter t is noved, while it is rotating, toward an

object to forma bore therethrough. A |oad current

flowi ng through the drill notor 12 is detected when a

vol t I e.current detection resistor
g RGO EEE RS 1 OnaE T e TR oFRe T Bmaator
(opepdtfded bympherasp) i forers chrcuwHe 78vantosdppleitednti®ation

.the snmoothing circuit 73. Since the reference voltage
CLyfFett Jdf WV | dad et 3 hihat | Bheeprfetft 74 j shgepormal

: [ r t put. v g L
Coéﬁ%tg?%l ’n%hgiorv‘{:glg?t%ggi Jgé(la&nu‘-’lorr e%i %goﬁg%(t%%%?%%% 0%7% ﬁéf the
autlemdtidostep/t2-dsinetccomalcated;id he, camprsatadbase current
(oper ati onal anplifier% OP74 of the overload . . .
of @egéﬁlﬁ%%ﬁf%ﬁﬂéi@%ﬁ oA It pudshenedwrceyanains in an “off
Stgﬁggefore, in the normal condition, a |ow voltage is
charged on the capacitor C75 of the automatic
st oplit ehdisi ¥yeatontgiglcecur €t ter’d,conhd ihhdiisa ybas6ws into the
current of a transistor $%5 does not flow and

Phoherdiere FEM mE theafNYOFF ceprbre! . cisruhi o/ Sitameugh the

' re i nuou j ) W 17
R BPE B S Sl R TR O AR A g o svere
théheloyghe trine: 4 ransisd are i@EL BCRheophetnain thi ag PbthORBtate.

remains in_an "on" state, thereby permtting the triac
BCR TR r epbfFeRFe aliol bRy sVEaEEL TRE ridf eklehicéoudl cagelition

in?%@%?iﬁr?t cEEcEE‘? H%a%coﬁ‘ijg%}ﬁxor‘;k%‘ﬁi CAL! e HCWL1 78f the
gher than the output 0 e

smoothing circuit 73 in the normal condition, so that the output
of the comparator (operational amplifier) OP76 is at high level.
Therefore, a transistor Q761 and thus the LED] are turned on, while
a transistor Q762 and thus the LEDZ2 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 increase, 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 transistor Q762 to turn
on, so that the LED1 is turned off and the LED2 is turned on. From
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snoothing circuit 73 in the normal condition, so that

the output of the conparator (operational anplifier)
wORWB/ni®oat high | evel . Therefore, a transi st opCTIBD04/011098

and thus the LEDI are turned on, while a transistor

Q762 and thus the LED2 are turned off. Fromthe lit

LED and unlit LED2, the operator can recognize that

the drill nmotor 12 is in the normal condition. On the

ot her hand, when the drill notor 12 is overl oaded, the

| oad current is caused to increase, causing the
tnd Yh34e 86T 02 WIS EHDEON, JURGLI0D. £08 RLOLAL that tne

I NnCrease causin iicr 8ase 1h 1

drOut prdt oA I1 201 st megsﬁmpt M@gwacﬂéw,l tantB.cahs thieeeomtrau‘adj ust
VLI increases to the reference voltage Vref2 of the
a fourr a9 d fdicc 8PRER tEPRchPTeY65 9t h@s ot Put T o -

the ompal abpt ) EPRoBoLT anst 11 0pg LM 3.ALER |&YeL heavily
h 61 ¢ tur

a Iom1|eve| I's causes the transistor Q/6l to
ov@:ffoaﬁdj tdoadtitansi st ethiQE52htodt 1 meitorsd2tiay Hehdamaged,

is turned off and the LED2 is turned on. Fronthe
th%nPPFP‘EEWLénG’fI it e FBPO W HE o pertort chh HRtePaTeR to the

ref%aé #@%o% LLL ¥l JF2ehs Ax}&lléa)ﬁ querlpagded: cand .GaN ¢ 74
ere

ore a JUSt a force applied to the operation
or |l levegtied9, ras trdaquitriec:, A&eth@m@mmbtomnb®ﬁ4lzf|$he overload

further | oaded to a heavily overl oaded_condition in
deHRIEH 2 e Fftrfr:uﬂrﬁﬂoér 0&5@\%9 PR FAEIE, " he &&Pﬁ&@ntlally

1n§/1|:%n@af\né&?s aLhiRg tﬁdé egbch%OWﬁeeﬁféugﬁ 4 B®ode D75 and

erence age Vrefl the overl oad deferm nation
a cestatdr 74761 Hhgheng At shhild tresgstbheetompatatorutomatic
OP74 of the overload determ nation circuit 74 outputs

SEOP AT YTHOF BRI CARFERL sGBEFRAET dPry GoNSERNAt dheDlEf§nt to flow
thf%@?ﬁ% f “R'7t5@r aQaStBFr}Qéf'géL@mpﬂfg%)e &7%%’?“%r%n51stor

stor R751 aving a sm resi sta
Q78aut gmmatthe skapsteter ddT¥ecwrord val, giceridn Sl waus) ngprough
thggﬁgkks%hc%% ££11N<xfthe ON/OFF control circuit 71 is shunted
to consequently turn off the photo-triac PH1OUT. 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
stop/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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t hrough a resistor R752 and the base - emtter of the
transistor Q7/5. As the transistor Q7’5 turns on, a
wa@oosentoof | owi ng t hrough the photo - di ode PH P&dI/oF20044@ 1098
OV OFF control circuit 71 is shunted to consequently
turn off the photo - triac PHOUT. A s 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 notor 12 . Wen a heavily overl oaded condition
causes the automatic stop/re - drive control circuit
to turn of f the, teiac in_the
aisg e Eh ik Sopr SRt oot IOt RSP e EFEaR AT D e Boy Bt oFF
redugethhe ewtpd! Milncf tHe sSEDPOLMGNWiAG M EULEui8, £8@ the
that the output of the conparator OP74 in the overload
traaé@étﬁrn@tMorirScu&fcldﬂt farnecdiney t tbasphesardipfgh PHEVE and
ow | esu the autoomatic stoplre
phot8; ??%e Yeon C|rcuHF37§%/PE Hgggngﬁ%renfcgﬁ% Z{
trahbapsbst @71Q7£~5an€25(h_rys CONPMoses s dieschargerssrent whéamthe
the capacitor C75 through the resistor R752. Then, the
traﬁééét@ar%%ttver@asééaa§t9ft%rpr@okat@erma@ﬁrﬂoal@@tmmcwéefrom
g f.ant aysi n transi,stor
theQ g%ﬂsi%ﬂ?% % t%% %hIS%EJ%ﬁ% q%%%gﬁe?ﬁé §?|eterm1natlon

cirbkokdi ng, ckr etikkehor abhent Fapsh Stﬁ{th7t]hé rdddddfrdredii Iy
by the photo - diode PH2I N and photo - relay PH2OUT in
thrpﬁéhuwl@FFréaﬁw‘éPr c®7 tui €a7aing highe rdriasttoriagy PHIOUT to

aga&ﬁnngg $@ "0 %&%h%ll;hgﬁge rlac ﬁ%h% EranQIStfh this

urns O ter a pre rmne e perlo from

wayt,hEhteraﬁSlllrﬁJdﬂt@Jf 1he Ouigauh boasrthetovestHasl the annular
determ nation circuit 74, a current again flows into

Cutfge phot o Theli chie PrRINIR t hiBaghe Yt aransitst bhe Q@tomatlc
wccULHE o RELE, clikar PH AT LA F U0 0 B0 5
exaflpilkl, apposxiRatSlpgal B panwgeedrt®, 3 adate st B@c@ﬁﬂ@'. arzt is
therefore possible to automatically resume powering the drill
motor 12 in a short time after the drill motor 12 is overloaded
and a current flowing therethrough is automatically shut off.
Also, since the output VL1 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 LED1l is turned on while the LED2 is
turned off. 1In 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

19



cutter t . The discharge tine constant of the
automatic stop/re - drive control circuit 75 is
woe@seiabl e to be set, for exanple, approxi nat BCYJIP20044011098
range of 0.3 to 0.5 seconds. It is therefore possible
to automatically resume powering the drill nmotor 12 in
a short tine after the drill notor 12 is overl oaded
and a current flow ng therethrough is autonmatically
shut off. Al so, since the output VLI of the snoothing
circuit 73 decreases at the tine the drill notor 12 is
el eased fro . l.o andj.ti : f
R = e B R s T e
it €hglaipd ahbahnanst A hamihgwedmaed chabhidghtipwefixed to
so that the LED is turned on while the LED2 is turned
thegrptting eAgs e the2 BPer BOBPT ¢ar Sknedf WOt ®t thaiqnnular
t . dri or ,12._i as f - -
Cutgggr %zﬁe%{ cg(}lnedeﬁ)sf 'on,A%a‘%d}?%%lﬁ}L he{fslg? of;%@oépv{ehrena é)pt%réatlonal
benepetat ton bevetrtd3hdd. agai n nove down the annul ar

cutter t for resumng the formation of a bore through
t he(@®bj €& dage Heketi PR aeaberd ST FesSRERY Piedvgery Fhe motor

andg&g&az%ftc‘é% RS i &tkh&ﬁgﬁ%ﬂoéq”&’&&de",nwﬁﬂﬂ feducsuit

i'ng resistance beca t enpl oys” an annul ar
tha€tWHetebaVe Agt Cemarichaari Bimdead bpsrddued! {0 wdigyldubhdrgi ze .
edge thereof, and a notaqr which can rotate the annul ar

cut et afbfi Ghespests IrAd la FRBSHALIS (AT Jrf oRPRGTSY to 2
worggggﬁglﬁfégep%ﬁﬁgﬁ%§ g@grggt§$ﬁ Jy%%, %@)tﬁﬁ@ the magnetic

el'eration nechani sm di sposed between the notor and
basal, behiclarncde desigredel at enpl 9yl ar Jeowabarqug, andltheidtet of
result that the decel eration nechani smcan he reduced
thej ploetght Hid lSPPRATEBYS THR e PECERFECHT iY0 SaFarat ute+9ht,

thu%aékﬁ-ﬁlﬁ%ﬂt%& &&@r%ﬁ‘ﬂf‘&% %&Hn@tf&?lilne{he overall size
attraction torce, so that he magnet i c
and weight of the electric drill apparatus.

As will be appreciated from the foregoing, the present
invention can stably secure the electric drill apparatus to a
workpiece, while achieving an overall reduction in 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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base, which conprises a relatively large capacity and

wei ght of the electric drill apparatus, can be reduced
WO oosiozeoand wei ght, thus significantly contribOr/iPro4/@1098

a reduction in the overall size and weight of the

electric drill apparatus . As will be appreciated from
the foregoing, the present invention can stably secure
the electric drill apparatus to a workpiece, while

achi eving an overall reduction in size and wei ght of
t he apparatus Al so, since the aut omati c not or

app%%%@&éng 8rd%ﬁél%anjﬂ§ e eV:ﬁ%&@i%i&@J anqﬂkrggge a

a current nDtor over oadln

rotéﬂ@oﬁﬂl@ﬂﬁkﬁﬁdfHﬂmi@rlﬁlmmeokhﬁaﬁ@ﬂﬁbe&icattlngre31stance
predetermned tine thereafter, an operator need not

by bperelt &hs SAPERR FaroidR tdpsvERSCEHe MboFUtERRg edge, the
drllﬂg&ﬁyhﬁg?@gpggggkh;¥ot§y{ﬁ SE%uﬁﬁﬁgpé d%hgfoggé%ﬁ&dlng

'S nor riven, an operator can Bein
an t&ee consht ttloOﬁlnc.‘Bethazﬁ fideel ameﬁator Terugteadie ypoknoway be
time at which he can start operatjing the operation,

subfegkrtd greréearhgItte dPi MICRAGRIFERPY: i fREPRBFEC motor
stogg ?/Egedkg$ﬁ9§ofﬁé§h§yﬁﬁxﬁh@ﬁ%ﬂ'Endrfhéap@féé%f§b drill

to - rese I nvention can increase
appﬁ@bahsonahﬂﬁpeeﬁ>@&e&betdthéldﬂﬂﬂkmmot@rreddc&naular cutter
cutting resistance by use of the cenment carbide tips
frop pedngodenadedt PF ngl ebige, Aihd a9 hast8m s capabl e

of \Vifﬁ?&'t@% Qieg{:gbc %pﬂ;m&psy %E@?h%ﬂgh%ptheoprresent

operator to increase a anmount oug
inviery ibe BHBJB@éntdbinmﬂbé&uNﬂu@ de€etrencact eased émmmhlment,
the automatic notor stopping/re - driving nean

it Mﬂé&lE@dapﬁa¥%%té¢%c?W9%?cﬁ%#”legpﬁﬁrSFésaFE £B7E §orariety
ot RLE{EY a%?g roaLe g"cte‘%fna%ﬁ%n@”&ﬂ e GHldLE o EAD PRI DG 5 on.

anmage ue to overloa I ng.
For example, the control 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 <circuilt, dinstead 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. 1Instead 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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Wiile the electric drill apparatus according to the
present invention has been described with reference to
wor@semyodi rent, it will be apparent to those B&I/Pmwa/011098
in the art that a variety of nodifications and
alternations can be made to the invention. For

exanple, the control circuit illustrated in Fig. 4 can
be applied to any electric drill apparatus including a
vertically arranged type, simlar to the |ower profile
type electric drill apparatus shown in Fig. 1- 3

e CIrCUIt i nstead of the photo
empfggég {nsﬁé’]aci I’& {&r na

Ve electronlc swi tch neans or
nECWl‘aiT_LéZ&berc@fayb BRBOaiNEYt Y Fapl oyedt rAt sdrilinsieadding
of the current detection resistor RO connected in

Lo gére RIIITH t RRVARFEPRNbese BBeTa ufFehtedr afsf dramefo Pe
.o tec a t
ondPYRE STRROVBE (IS toL) PR SHLE AL NP D e cains
of tRéayesiripieehanitahd emdpdimynbe, eopt Cuyzeﬂlemd idf@sent
measuri ng nmeans such as_a pul se counter, my be
1nV§ﬁEF6§/e]oP itRsPe P t HURe RECAAAE "&b‘i‘%]traﬁﬂttscﬁpéﬁilfi hriel SCOpe

t | t 75.
2o e R e e r T RSE I EI Gy be' | mpl enent ed by

a DC notor, and SCR, transistor or FET may beenpl oyed
instead of the triac. Wile specific enbodi mrents of an
electric drill according to the present invention have
been described, it is to be understood that the
invention is not limted by any of the details of the
descriptions of the enbodi ments, but rather the
present invention is to be construed broadly wthin
its spirit and scope as set out in the acconmpanying
clains .CLAIMS 1. An electric drill apparatus having a
| ow profile,
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conprising: a body; a notor nounted on the body; an
arbor having an axis and adapted to hold an annul ar
wa@oaoser1vevaxi al with said axis, the annul ar cuPCEIP2004/011098
having a plurality of teeth nade of cenmented car bide
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 ap, ﬁration of a manua
operation |lever, for nDV|ng the arbor along its axis
1. to advameetbicrétihbta@ﬁ&x&ﬂu&ﬂhﬂvﬁmﬂtﬁﬂxﬁikﬁ@ﬂﬁdeto
the arbor relative to a workpi ece; and an adhesi on
comBéé%l%%id on a bottom of the body for securing the
é?drlll apparatus to the workpi ece; the notor
belng pabl e of rotating the annular cutter at a high
speedusint aidentfeart cef figet bagya hi gh speed cutting
operatlon by the annular cutter with the cenented

carHt @& PF&@V%%aaﬁ@%m RE3REBEELRPEARHNRL AT cutter
coaghéf%1Wsmhf Q@Qt gﬁ@%ﬁﬁi‘groéut?télpth%t\h@lgjf [ﬁfﬁré)lflty orf

he not or transmts driving force e notor
teetbntakﬂe @@eemeneddodamdmlcimfsmdlo Ans ébegetrrersd tdpidnlable
arat us accordlng to m,1 further conprisjng an

the gAY CUtsEar ¢ gt%%%fg/cpétmar%.analﬁscﬂﬁ%%mwﬁ Swpesds
Cor@rs'p%ee% r@d%kﬂoﬁ%é&@ﬂ%mﬂi?gﬁgée&%@e@pth@ motor and

seri eSS between thenotor and a power supply;
the arbor for transmitting a driving force of the motor to the

annular cutter through the arbor;

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

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

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
force of the motor to the speed reduction mechanism.

2. An electric drill apparatus according to Claim 1 further
comprising an automatic motor stopping/re-driving mechanism
which comprises:

a main switching element connected in series between the
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a current detector for detecting a |oad current
flowi ng through the notor; a determination unit for
waledasomond ng whet her the | oad current detect edr@yIrdoe/011098
current detector exceeds a first predeterm ned
reference value; and a control unit for controlling
the main switching elenent to turn on/off, wherein
when the determnation unit determ nes that the | oad
current exceeds the first reference value, the contro
unit turns off the main switching elenment to shut off
motthe Cc rrentwééqyﬁn t hrough the notor, and

UGN TY  WhEPR he det ermination unit determ nes

thay dibherdadistddeit dacrRasesihg he 19%l e ridhan ikeing
first reference value, the control unit turns on the
throagh e tedieg’ el enent at a predetermined tine after

the determ nation, to.suppl e curr.e fr he
pow%rgggﬁﬁW§n? l?ﬂeuﬁﬁto&%Fyé%Q%ﬂq%Ig%gii%h§$%%¥ the load
cur2ppar ddte AGLOr giynogtid Cuaireht, ddhes®idy t becadhesionrirst

base conprises a magnetic base having a magnet. 4. An
predpberpivedr r¢fenppes afalsisscé®dding to O aim 1, wherein

th ' f. th bor _j Lallyv. -
o E AR MAS o E AT Py R B R RO PE G Hrement

to ehestéhLoflf] |hhappal athds, thenPetsingna i sdtwiit Aletermines
rotating an annular cutter; a main sw tching el enent
thagofthectledd wusgrngs sxeereen thire fiwesr af¢rensowealue, the

coni%ﬁ?éﬁ?ﬂ?ﬁ%&%&ég%ES%%gﬁg?%é&ﬁ%¥%ﬁﬁgfgigge§tH&?%hut off the
current flowing through the motor, and subsequently when the
determination unit determines that 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 motor.
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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a determnation unit for determ ning whether the
| oadcurrent detected by the current detector exceeds a
wo 2oostipnedet er mi ned reference val ue; and a coPCT/@b2004/011098
unit for controlling the main switching elenment to
turn on/off, wherein when the determ nation unit
determ nes that the |load current exceeds the first
reference value, the control unit turns off the nain
switching elenent to shut off the current flow ng
t hrough the notor, and subsequently when the
rm_nat | upj.t .determ t hat. t he | oad r.ent .
cuz GOl A Bl ko e e P ofbrinde Y first
predateEniid® €ond felcdinidl ueyr asidon the main swtching
el ement at predetermned tinme after the determ nation,
t o P handtr fehtCI A tHe Jpsher naipptvi §g it e lement
to g%r?rory&f A’éhheér%%r Wil Lhh &@P@fr@{r&gs AGCUANGLQ 15 e s
aim5, Turther Conprising’ an arbor Having an axis
tha@ndheotakingutrtenanasukaedguther fatbachedet-enctSvalue, the

| eadi ng end about the axis extending in a direction
Congret ererft thrBm TRHalhermal ? GAtichg nohat emert teeshBE Rt the

ct L ' a a rdi '

curfpaf O EFERE, ShEbbph, FRRCEBEYR, 250 SRtk dpfh B Men tne

detpenpesdl cnlarit detbhahinés tthetr ohatlicwy shatrbnefdédseases to
notor. 8. An electric drill apparatus according to

be WAL DR A IERE BRHIRAUICTURLEP COMDLPEEEOeutrhurns
on it'ggt ﬁaf@dgwggcg? néfgmé:rﬁ{ bal@gaféaetﬁxfﬂﬁ)ﬁ%% TtQLm;/et zaffter the

wer end an ositions opposing a pluralit
detsyvatfiaekdmusdo guppveha espesht \vRIon the ¥weat eabpile to the

drill apparatus according to Claim5, further
motesnpri si ng:
6. An electric 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
different 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, respectively.
9. An electric drill apparatus according to Claim 5, further
comprising:

a second determination unit for determining whether the load

current detected by the current detector exceeds a second
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a second determ nation unit for determ ning whether
the load current detected by the current detector
wez@spuoa secondr ef erence val ue smal l er t han PaRJIFA0046E11098

reference value; and a | oad condition indication unit

for indicating a normal |oad condition when the second

deternmination unit determ nes that the | oad current

does not exceed the second reference val ue, and

i ndi cating an overl oad condition when the second

determ nation unit determ nes that the | oad current
ref%%&ﬁ?gsvéfge S&ff%f ecglearner{t%ee éqlr%% ‘Sre%g eﬁgeelv?%EQ Cand

Fi appar at us accor erern

curd eItiacdeicﬁﬁlﬂj‘ldnS l&dﬁb&eﬁloheﬁhﬁt ofocoieicdadi i a normal
series wth the notor and main switching elenment to

loag agndl td Qrov ey £ hent oF P deErEBS NRRECR &} idt gptermines that
thedP J&%%%n%gdggstm le%@ eglufﬂgrkteco%r&drE?Sr%hEgtYalue, and

ermnation neans 1s a ed to receive the vo

indﬁ@étfﬁ@omﬂlémpﬁxbadutdmmadl©urw56h thmmh@mwﬁnudeﬂdnmlnatlon

voltage with a first reference voltage correspondin
unlttéiqtr?ernmes% that Ehenrd/arEEsR b eéf@@@%ﬁtﬁ%e RREPREIT &ffgence
va1hgad current exceeds the first reference value. 11. An

electric drill apparatus according to Claim9, wherein
10.t herauel eot retdeltldr appaaatiisescd@sdistproconaent 8d wherein

series wwth the notor and the nmain swtching el enent

to b sirranidle e Ubt aicnb i e r6sd stRE FR¥ItRd in series

witgoEBSSRSEQk”QnEOmLDS é\?ﬁgck?ﬂw e@]t_emé”rpr.d ‘gcbt \g&sg:rda voltage

etermnation unit 1s adapted to receive

obtebnedsponos nHgHe rebe skOﬂdc@MéS?{FttndJa‘rgj teorpar Eodidi’le:urrent p
voltage with a second reference voltage correspondi ng
andt o the second

the first determination means is adapted to receive the
voltage corresponding to the load current, and compare the voltage
with a first reference voltage 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 9, 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 éurrent, 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 value.

12. An electric drill apparatus according to Claim 5, wherein
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reference value to determ ne whether the | oad current
exceeds the second reference value. 12. An electric
walreosloimppar at us according to Caimb5, wherei NPOEIP2004/011098
control unit conprises: an "on" state self hold unit
including a first swtching elenment, for holding the
first swtching elenent 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 elenent when the first swtching
state; a second sw tching
the +5ﬁ%¥]l |(§JJJ%%I§%%ﬁ ‘when the first determ nation

unidn deirer ritaes bBAF hbed! @@ﬁtC:Li{dJ&fﬁlr&}(@eede:stth%w1tching
first reference value, to prevent the control signa

elememi ;fqafe%%d%%r%h@eﬁé%?ﬁ«glttqli@ngoﬁleré%lm gl 25 ol state
wheﬁr£e§{5¥%iﬁgfgﬁl ddpe 4f Iﬁﬁgrﬁgg tghi ng el enent being in

Sstate; and unit, reésponsive to the

detercmmtabuosu@xyal Im;p‘plryshndetﬁwfnslmgapllgmnqnam tdrat coherol
. load current is reduced belowthe first reference .
Slg@%}u%“éﬁﬂéplpﬁeopo%%@é%%ﬁéﬁwléﬁéééaeﬁl?%%nFiWQﬁn the first

sw1£ f% NeEYalie s FQr hur R %g .t . %he second swit ching

enent at a redetern1ne time after the
denfrsndund @mltbalngneebﬁehtl@hﬂémiﬂnuaﬁpaﬁauﬂmEn the first
according to Claimb5, wherein the nmain swtching

det@FBhmtFn St Flﬁéermaﬂasméa%oﬁher épaelnwr%%%rawds the
" t f t
flrQ'@ reQ%.re%tc% @af\% t%%?or %CJ:&Q%P@% 'n%‘?t %}%a\eans

I Ng transi st or t SVVI

fromrgmmmttdmgl thanchontost b e sﬂd@@ﬂl&ﬁfﬁﬁemmﬁctthé Sirst
turned on; phot odi ode for emttin Ilght by bei ng
sw1§9%bmge%ﬂqwqq;£pelng in the “on” state; and

a unit, responsive 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 predetermined 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:

w 7

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 on;
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 photodiode so

that the photo-triac is turned on by light emitted by the
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current when the first swtching transistor is in the
"on" state; a photo - triac connected between a gate
wapahsanmanode or a cathode of the triac and oppPCT/ad094/011098

coupl ed to the photodi ode so that the photo - triac is

turned on by light emtted by thephotodi ode to supply

the triac with a gate current; a second sw tching

transi stor, responsive to the determ nation by the

first determnation unit that the | oad current exceeds

the first reference value for bypassing a current of

h t t UI sh e_p di
phOErcr?leggpééc%?vsgﬂjgﬁl}f l(i:{hl ngg%gaﬁggg 8F bei ng

in 4 heséenid Stawtzftclﬁmﬂga uaahsm&s:p,onswepb@sm@ to the

determ nation by the first determnation unit that the
detﬁélaéin%mqfén?yﬁé?ea@é@tt dietiée@ﬁmaltélont HER-& hehdtr §he load

cur{glgfrngtr&r%% d\éaéﬁleefﬂF ils Qad, UL e?% hivich sedad, dQ%urrent

er ence va ur ni ng seco
of SM\ét;ﬁlttbtftgiﬂdowlSjoSb&Itlabu&spr eﬂ@tmmwtﬁobde e refdeycdiR® of

thedgggggnéﬁgéégkng 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.
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