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DESCRI PTI ON  ELECTRI ci[Eﬁm m %M%Tus BACKGROUND OF
THE | NVENTI ON The pre n rel ates generally

electric drill appardttis, and nore particularly
to an electric drill apparatus having a low profile

an automatically re-drive a drill notor
mﬂm’ﬂﬁ’,ﬂmmmmkf the drill notor is stopped in the
event sggfo0verl oadi ng. Nowadays, in carrying out new

construction, repairs and the |ike of a variety of

bui | di ngs and so on, therecexpsic a need for drilling
wor kpi eces conprising structural materials such as a
steel cage and tW@ﬂQTWéC%@RﬁéLpABQAEéBUﬁt or near

LLI.QRs . at rkpi eces are attached to
BAggakébﬁg 09 é&?#ﬁf&¥g necessary to transport
' SUChTH@p%b@@hUﬂhd@ﬂﬂﬂodﬁ%ﬁﬁﬁ€§§eﬁ@raM@?Kﬁhﬂ@@lectrlcdrlll
assenbly places. In addition, a dr|II|n% operation
)

apnagatbel o moger p@rﬁéeuulﬁréyr@ an ¢epy apr@wlsbmaratus

QS| t|on at struct mat er.i al
haé’rm\%? EBV(,Pcré)aflﬁ Sfpdadarte \MII% §UHP En%#eyeraes riveradrill
moltb@N&RehR! abt i s tb OpA A ldan i moﬁakrﬂwls@@ppéalﬂ@ the event

spaces, a reduction in size and weight is required for
ofsgylkrdbadinge drill apparatuses A conventiona
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an ar Vi n a cut
1ixevettd galridicyest Ikﬁﬂl@iri@%yaﬁ& $o Yni, deh8ee harhi sia aaﬂ@Ied for

a_transm ssion mechanismfor transmtting power of
driidd igngi wWorkpieges comprising structural materials such as a
steel cage and the like to be provided at or near positions at
which the workpieces 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

aposition at 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
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



to the arbor to rotate the cutter, which are arranged
in a vertical direction or in a direction of novenent
of the arbor. Such vertically-arranged electric drill
apparatuses are generally large in size, and can thus
be only used in limted operation areas 1 and have
limted portability. In contrast., WO 00/54915
describes an electric drill of a relatively |ow
profile, in which an arbor has a rotation axis which
is substantially perpendicular to a rotation shaft of

adrill nmotor. Such a low profile type electric drill
anappavat Usmi sed gshiotebimityaveral | | ength as conpared
with the vertically-arranged typ and its conpact

si z2eTP RS /| 1 %6(%&%‘%|<i€3ﬁcqlr‘i>e§dépt?bﬂc*°5hﬁa‘ﬁ’é’s]e1 of a
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Bparatuses each of which conprises a function of
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enable a stable drilling operation. Howeve
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electronagne the apparatus is nmade snal
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able to exert on%y a small attraction faqrce.
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descn‘hbeﬂow prdfE Léapape sl dftftiad dlriChzathasaabows hbvee has
ananelectromagnetic 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 Official Gazettes above have an
automatic stop 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



automatic stop function when notor overload occurs,
such a function is provided only in an electric drill
apparatus conprising an automatic shift mechani sm
whi ch noves an arbor in a vertical direction. Thus,
there exists no electric drill apparatus having a
manual shift mechani smfor an annular cutter 2 which
is provided with a control neans for automatically
stopping driving of a notor when notor overl oad
occurs. Further, there exists no electric dril
apparatus having a function whereby a notor is
Whﬁ@hdi-‘ii vewrvafiedrwith hasoeenl maanmaﬁdxcahltymattbppwychx@pping
nDtor over] oad.. SUVMARY OF THE I NVENTION T
drﬂr?’é&@n? i AVEREPHAVIHES TR §e LPA PEGHEF - thFeurther' there

exi@t@IALNE1 P PP e® EXREIH8RCeE hAviRg Qerﬁcéqén whereby a
electric drill apparatusées exenplifiéd above. It

moanrobpece afivéee 4ﬁt§ﬁﬂﬂt|haweheeonaubomaby¢dblm.$twmped due
pro ile tg electrlc drill apparatus having a reduced
P& %N gY %EP i s anot her object of the present
|nvent|on to prOV|de a low profile type electric
drill apparatus which is capable of being stably
SUMMREY ©OF FHWOANPENEEONIt is a further object of the
i nvention to an electrig
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notor due to notor overload, and which has a sinple
e&ﬁmﬂﬁlguﬁdtaanEo i mprove operablllty It is a yet
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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 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 electricdrill apparatus having a low profile,
which comprises:

a body:;



recogni zi ng both a normal and overl oad work condition
of a notor. To achieve the above objects, the present
i nvention provides, in a first aspect, an electric
drill apparatus having a |ow profile, which
conprises: a body; 3 a notor nounted on the body; an
arbor having an axis and adapted to hold an annul ar
cutter coaxial with said axis, the annular cutter
having a plurality of teeth nmade of cenented carbide
tips fixed to its lower end to enable the annul ar
cutter to effect cutting at a high rotational speed; a
speed metorthom tet hanitde dicslpesed bet ween t he not or

and the arbor for transmtting a drivin% force of the
not of ™ BFFR AR PRraEf fRE 20RPEGEH ¢ Reldrappnnylasaytter

coARG AN, S8R rseas_iﬂpﬁ%ié? {10 %%nﬁegﬁ:aé&%lofqa% | gaﬂ)luranty of

operation lever, r noving the ar along i ts axrs
t et hathdEno £ cementedr @b itdeet Ay il aed st 1 €5 lateacheditb@nable

the arbor relative to_a workpi ece, and an adhesi on
thga3RnR bR T RS h§ot pEf @t e CUtitd ngrd T 12 Bpphr aptatienal mpeed;

kpi ece: , et .
moul S FARLERC) AR SAPRRLE PLUA Y Hipoter anc

tha hirbhrspeedtcansmivgt Dperatdrdrinhy fohecadnutiae madderto the
Wi th the cenented carbide tips; the axis of the arbor

angRlendrHG PR EhEPrektHed FRYerent fromthat of a
rotagl @Qeéhﬁgtzhgfmigﬂer@n%é%?sm LA 2 {18 of a manual

driving force of the to the spe reduction
opezaltapnsirevén, afoenwdingenhe cdribdre adloeet Lite dkiklto advance

apparatus, the apparatus further conprises an _
oragleaﬁagpct%t%}nular cutter attached to the arbor relative to

a workpiece; and

an adhesion base for securing the electric drill apparatﬁs
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



st oppi ng/ re-driving mechani sm whi ch conprises: a main

swtching elenent connected in series between the

not or and a power supply; a current detector for

detecting a |load current flow ng through the notor; a

determination unit for determ ning whether the |oad.

current detected by the current de.tector exceeds a

first predeterm ned reference value; and a contro

unit for controlling 4 the main switching elenent to

turn on/off, wherein when the determ nation unit

determ nes that the | oad current exceeds the first
theefraiencitahieg tdlenmxont el tut énfosf of kthéheimaivhen the

switching elenent to shut off the current flow ng
deFﬁFBH@ﬁt%ﬂ% ?ﬁﬁ?ﬂdeteéﬁén§ﬁﬂ§éﬁbéﬁF1}O eRUFF@nt €xceeds the
fi gtterrlgf%@e'n%% %lt et@ﬁ lesr‘t)?]gf‘t uﬁb@ tI % CHEfePhe main

ecr eases be sma Ier han the first rence

swigkHeéng etJJ@ﬁxemmttds ehutniftf the osroent Ifeomanq tdwidwadt tige motor,
element at a predetermned tine after the

anges Wp $f AT oY wb@ns%wg?t@ﬁ@leal;‘l@munlrtr gftenBipeRerhat the
lo%glpcmﬁ/re %&Q@ré@é@é tolﬁe érﬁaﬂe%j @ﬁélblt% ﬁfsﬁ ngerence value,
esi on base conprises a nagnetic base aving a
theagheit randant t ttklahst fhm atthes mbihhewdrtlbrinigs element at a
substanti al ly perpendicular to that, of the raotating

preqisterpinedd ia af ter the dRbe iy, toRVRRIesERe Tarrent

fﬂoHYQﬂE'ggwg rgﬂﬁﬁl rgglgkgsmdygrelef{rig §¥éférable that the
apparatts, whic nprises: a notor for rotating a

acaRizdloar bask t @snp Bl s mmgﬁehi&mpaﬁeeﬁanun@onnmagmmk;rand/or
series between the notor and a Eomer suppl y;

thadr Femxdét @€t AEPOTCtRERPAEARLT DRty ARTRSNIIA Qe that
off '%ﬁu%“%t%tﬁﬁn%’et Efta eh{?érﬂl 4 0N unit for

determnin er t current detected by the
CurréntadﬂﬂﬁnkbaspxcEedﬂmﬁpfessmt 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 1load
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



predeterm ned reference value; and a control unit for
controlling the main swtching elenent to turn

on/ of f, wherein when the determ nation unit determnm nes
that the load current exceeds the first reference

val ue, the -control wunit turns off the main swtching
el ement to shut off the current flow ng through the
not or, and subsequently when the determ nation unit
determines that the | oad current decreases to 5 be
smaller than the first reference value, the contro
unit turns on the main switching elenent at a

bePERSEL &F FnRedt hé mE raftt eeréhéncdehendi naié @bnth@1SUPPE Yeurns
the current fromthe power supply to the notor. In an
orefrbedhabmtswift dtHaelkdement alv id Pragsaramisegf ting after the

econd _aspect, the atus f the
SRR e Y A R % SR SEE oy o ene
nctidrached to its | eading end about the axis extendlng

in adirection different fromthat of a rotating
shaf £nofnt ﬁ@bﬁément\hpéhthﬁe anbeR i drd A n@p%rretéls ot the

sec}oﬁég{e E)t%he a%ga)t:ués g\spt% P@%\?Ljﬁrgs’ a% Ef‘bor having
arﬁléﬁkﬁtsaﬁhﬂafeﬁ/atpﬁ{@m gdhalat cithadr adftaldhed @baitsdleading

shaft of the notor. In an enbodi nent of the electric
ergt iatblouépphe aaxss ofxtenslingeénml Gﬁsr@é?cttlort Ré fiRrienar from that
utte |se cut teeth ament
oééﬁBPé%E |xe§ %h om@?ggn ans a pogg%V Rg force
o PRPRSMBPoR t&L ltlh%l hk¥ool Sﬁ&oﬁltﬁlgxélﬂbﬁdlr@rmveﬁ; is preferable
respectively. In an enbodiment of the electric drill

ttaattpahst@slepfthee agBeonds 3petantind LRRAFRERGI $Lrhép that
rls a se o e on t f
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ntnlng cUrrent detected by the
curreamnt gdeteatioorimexteeds taesetendrief @rehteapphetus 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 load 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



smaller than the first reference value; and a | oad

condition indication unit for indicating a nornal

| oad condition when the second determ nation 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 nati on unit

determ nes that the |oad current exceeds the second

reference value. In this enbodinment, it is preferable

that the current detector is a fixed resistor

connected in series with the notor and the nmain
c1eWehehi 19 oBtphenent (i tagkPubp Ba dd agerebkai figd resistor

across the resistor correspondingly to the |oad
cogureserndingdytivetBedond dereemi nanfdihe aarenddetdmiagtion

.o recejve t vol t age rrespondi ng .to l.oad
iy D BRI EOrBar e Uha ol s GRSy 1 5 EeRgif to tne loaa

cur@keteNgRd \nip2Ge tEOIvESRYRIWAghtD skkendecodnérence voltage
reference value to determ ne whether the | oad current

coaxesPPnding teddedseered ardereacesvalye &9 dabsumibatwhether
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seri ga Wht Bnbbaifeher oangh&bé Nestt i€ gl lelgymtatius of the
output a voltage obtained across the resistor
seasmdeappadr nFheocureenbaetestipr et 2 Hntpd KEsEsEer connected
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correésponding

voldldRgebtatifed htrstsrefieraimiatoa tageesponaspgntdonghe load
to the first reference value to deternjne whether the |
cygan tourpenthefdasdsde hermingishon Bpapant afdRted R HFfFeive

RO TRAL rfeggoﬁhfﬁ{;wg d o 2PRALAEUS , OknkiN€ompare the
secon spect, the contro unit conpri ses: an on

veltdge sekh-hdhdsturs fererdeuddhygage fcorsespwntichgngo the first
el enment, for holding the first smﬁtﬁhi g elenent in

refp e ¥paie GheRTEIBLAR (TG PER ERh LS TRt exceeds the

first reference value.

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 si_:art_ing 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 dete&mination 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



on; a control signal supply unit for supplying an "on"
control signal for turning on the main swtching
el ement when the first switching elenment is in the
"on" state; a second switching elenent which turns on
when the first determination unit deternmines that the
| oad current exceeds the first reference value, to
prevent the control signal supply neans from
generating the "on" control signal irrespective of
the first switching elenment being in the "on" state;
and a unit, responsive to the determ nation by the
srfd ¥lsir ddteer riheatfilgw tumetferhatet iallieazftew rge load current
decrea ta.be, 7 rst .reference
AIRE L Per 2RGt BabEEePFonta e dbded "ERERF: FEF e second
s Bf @1 aNF 81 ¥ i€ a t f06 ré &l 1 1l 1l d t1he ageeenthe Gt & Mt ion.
el ement at a predeterm ned tinme after the
det erlm réat ieoWodimealt efbsdenehecdbiichdrel beapparalrus [of the
a atus qof the second ect I n_sw tching
PO PSR e R e ARl o o8 b Ta8e ana the
céi r&N ursittaicempet beBo| gnunbd~ i i tedisRd £-Aofldr 8hit including
switching transistor, for holdlng the first switchin _
a tEhpet sTHYEGhingh trews istare WREN aléttagtthg SirsEhsystching
cLBOER Gy 2aR0QLOLLadR (00, SCLLL00, 9L B B8kNGnea on;

supp a cur rent

a igrnSyditdale f&rlé}niﬁtﬁﬁ'gpn'igﬁta@ye,beangpb@ppliéda\cath a current
connected between a gate and an anode or a cathode of
wher theaélzanl SpireRERy &sapredated %ﬁelﬁhéﬁﬁﬁidﬁb sytatei a
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of WHe i ag §ﬁ@®1ﬂ;lsiﬂltl@hbﬁgplé<ﬁrt$d $her phot&spoiisisee that the
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rsmpbnhiﬁgtkrahelSéﬁérhﬁmJMﬁmnnb@heheoﬂurst determination unit
that the load current exceeds 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 refereﬂce value after the load current exceeded
the first reference value, for turning off the second sﬁitching

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;



state; and a unit, responsive to the determ nation by
the first determnation unit that the | oad current
decreases to be smaller than the first reference

val ue after the load current exceeded the first
reference value, for turning off the second sw tching
transistor at a predetermned tine after the

determ nation. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1l is a side elevation view illustrating an appearance
of an electric drill apparatus having a | ow profile
according to an enbodi nent of the present invention;
8 Figig2 s iz [ apmlan ewiew bhetbkeeflectrdrildrill apparatus

.,apparatus .illustrated in Fig.1l; Fig. 3is a
1l&$6§§?§89t98n§ng'de el evation view of the electric

dril lb;1gppar gidus, &k Fisd 4 19Raws saqel bbbt 9bagkaOG s the
a drill notor controller in the electric drill

elazgparniat dgiddcepdangtte, téed present invention. DETAILD
DECRI PTI COF EMB

ODI MENTS Wth reference.to Figs. 1-3
Chor & i (| STONF o COEPAnBie ST HE & GoBFLs. PP cont¥oller
irAPPREAt e ACCRF digRg11 0 a&%r@&%dl B8 r&nd heo PtREEYPresent
i nvention. As shown in Fig. 1, the electric dril
inyspdrianus conprises a body 14 which is provided with
adrill nmotor 12; an arbor 18 for rotating an annul ar
cutter t attached on a |ower end of the arbor 18; a

pET1ead, DrREuI TR0 oFOEMBOBaMETY and retracting the
.annul ar cutter t; and an el ectromagnetic base 41 held
on aWisht smfespnchetdothosl4 lardd dberai Wihy apw be explained

o BEPITREE G2 fl B g5 k! gRoRSRLRE o cne
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 drill"éd.
The electric drili apparétus 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 electric drill apparatus al so conprises a manua
operation |lever 39 for driving the feed nechani sm 20,
and a handl e 42 over the notor 12 at an upper
position of the body 14. The notor 12 is fixed in the
body 14 such that its output shaft is oriented
horizontally. As illustrated in Fig. 2, a power supply
switch SWPWis disposed on the top surface of the
handl e 42. An instantaneously returning start swtch
SWn and stop switch SWwoff are also disposed on the
top surface of the handle 42 for starting and stopping
moktBe 19, metepedivébgpedhireaky, FHaibgtor i Nuhhsati®Dd 1, LED 2
| anps LED 1, LED 2 are disposed on the top surface of
arehdipppdee 9 the tomdruafang of qh%aaeeﬂﬁeiE% kFonhdindiggting
f _the notor 12. SRR ' t | .
= 3path B BERE FefEidinn MenifHt R 83, Flhbihe dgsortved
1attRat in ighe dteaddetd 1 ENtthieSLE® L Pedhenbi kel m LERd2¢cates that
when turned on, indicates an overload (light or
theedwdd corrdiantonis ActaR lopathdtlsr ther AEDoR 1t K& eFokdyrned on,
. SUPRLY sw t L rj t.s.to the
Rl b s 2 goE ST OF REYRD, ST Lace
41, hBerebyosefattdmngrides ebecthecpdwek! supppar atwischo SWPW,
a wor kpi ece. The magnetic base 41 is preferably )
elesmigupederocprIRgf Bt bihe FAeat FoRIIT e Tl (Etdvedt ot the
th 4. in relatiye nosiiio : :
A R R G L R
apbaeItk ene,a therindicel4 the begnedtiedbdss tenterprgferably
of the annular cutter t_to the workpiece. Referring to
cqiffigured e ecerdratrbhe bR FaMoShtEPn fRLeR1VEgto the body
onnggt t a b1 s 12a _aof: tor,
T R il e e Sy

nfgredeians gearl decekenatdron 17 byoxdpd espur theabedy7t4 can be

17d, 17e. The decel erati on nmechani sm .
moved for centering 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 1l7c, 17d, 1l7e. 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 telescépically mounted
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17 decelerates the rotation of the drill nmotor 12, and
converts a rotation axis direction by 900 so that the
arbor 18 has a rotating shaft extending in a vertica
direction, which is rotated by 90 fromthe direction
of the rotating shaft of the notor 12. The arbor 18
conprises a proximal rotating shaft 22, an
internedi ate rotating shaft 24, a distal rotating
shaft 26, and a holding cylinder 28. The proxim
rotating shaft 22 is nounted to the body 14 for
rotation about the vertical center axis and is
orf @hReptedihe1t FeL SPiHg @eakt172 13f whheotecelanatkl 88nnection,
mechanism 17. The internmediate rotating shaft 24 is
ane|ies dupiakul ¢ )beﬁ‘mﬁﬁfédm ﬁ@tt@ﬁdﬁﬁepﬁﬁemﬁﬁl (retashagn) and a
réstl:]xaaf tie%gl?et 148%0 %IE gL Pl eg 'onl‘h 'E%er edallﬁaeaShaft

nmova ween a posrfion (no

24 &f1rizeiad pesiriliaps (:asnsﬁwmprbmﬁag Botdtitng shaft 22 in the
internediate shaft 24 slightly overlaps with_the

apkaki grhreebiabi fg sﬁﬁteéQeﬁl%e‘%/ heosakian, dwhddej okt atargely
oHREL G SPULRPLL LA ML 4% BFRIYp YL 0 M Bt ion

afattHeheet ea 868 arb Piasiidni, 0and ame yt ey rate treat ab@elther w1th the
together wwth the proximal rotatjng shaft 22.

PHPEiEg L r’é?’é%Fh@gsﬁ’ant 2621 s The| Tstioph cla?wth%n%lgef‘bn% is
£LEsd A‘?P%%aa%rft%toakh ?né*l%ftter%%d%te"‘@é!té’{ df'i‘g%‘?n!a!f’ceu by

n
conne novabl e bet ween an extende

wppsot |a3rsl:(1rmte storectdbnwhast 14 msdvadiitd perwecnaps extended
wth the internediate rotatln shaft 24 in the axia|

P?+EERR 0APGRd SEOWRAt e t'BY o |?ﬂ%?¥£§%ﬂﬁNﬁF%%P%Hﬁlth the
inteAhe i €8 %Eté@iﬁﬁ' ¥ha9¥e@'43&% With .18, 3 rk?] &}f and a
24 | e di st

rotating sha the axial direction.
rebratted phafitidh NssrahaWed1hoga@heB\Maﬁ1wmheh it largely
i nternedi ate rotatlng¥shaft 24. The hol yl i nde

o8 hPasWL Hhet P stAFS TR S 1Ry & NS Slhétfgt glﬂl ﬁnaﬁBe axial

di 8 8PUDL €d 1 EREtR9Motating shaft 26 is rotated together with
the intermediate rotating shaft 24. The holding cylinder 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 ié 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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14 so as to nove in the axial direction together with
the distal rotating shaft 26. The holding cylinder 28
is axially novably supported while it is prevented
fromrotating by a guide cylinder 29 fixed in the
body 14. A needle bearing 30 is interposed between the
distal rotating shaft 26 and hol ding cylinder 28. A
| ocking ball (locking menber) 26a is attached to the
| eadi ng end of the distal rotating shaft 26 for
hol di ng the annular cutter t inserted into the
| eadi ng end of the distal rotating shaft 26. A
rotatd qulﬁteﬂaajéoprinste%ves 2&hel §cat soeiavise®f gpmprises
operating the | ocking all 26a. 11 As |IIustrat
a Rbgab3e rhekféédmﬁ’eehg%%ﬁnw QS SeEfagengyf F‘S h81ding
Cy(t':ﬁpéﬁal% eed t%g n§| Ory&)%rraﬁlﬂa&a‘?ﬁ[@ftﬂé‘%xligl 8k e arbor

di'ng-in paral h the axis of
1gt:hg aﬁbeionalsy ﬁa(SIE a1 aiagey backh82bdix el arpadwel lgody from

14 spaced away from and | ] el h
ancabK FBEa 14nd. UL PR ATSTROHRR S Fa6Ec T baPHBRHEN 1 4 sposed

be(r}'?ql%lié%l g%é 2ol RaARghENY ??gﬂgmlﬂgh%rn%\éﬂgteﬁen‘@hﬁﬁeﬂgw1th

g opera ron’is perforned, the elenents of the

ar bognhd8 Aen@t 01 Bing hepemitriact ed pesfbrmed,asher&mﬂmants of
Fig. 3. Then, in performng a dril eration,
thm.alreorhwaﬁ@mh@ afcweFeFr?%t?%tpé’csé& eRE dbeR in Fig-

3+ h288| YRR ’%J&% r}ﬁls ﬂlfiﬁt@ Ube RGN %thz &é annular

f nter medi at e rotating
oSt + 24 raﬁdtdds:t}althlemm]]mlgo‘s@)aflﬂ ’Qﬁromqﬂ'e t@peqlq;e]oqratlon
lever 39 is nanlpulated thereb¥ causin nion 34

mqq-harr@tsat el 7 afBd adiEn B SEGN R CdR 9t 78 na+nt?%r%?<dlate
T o et o e L
1@*@5 t3924satmmkm$1aaited,ottatan:agys¢mislrgﬁtaeeplnlon 34 tlonxgotate
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. 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 pluraiity 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
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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. Adrill feed notor may be
provi ded such that the notor is drivingly connected
to the feed nechani sm 20 through a clutch for
extending or contracting the arbor 18. In this way, a
sel ection can be nmade as to whether or not the clutch
i s disconnected to manually or automatically nove the

annul ar cutter t. As illustrated in Fig. 1, a
chtti®d iddgeofofctihei agntigethctiPter egchheonptiasednafl apeed can
cenented carbide tip, are fixed at positions that

be gy aSReY Wlékﬁaﬁs?alg?m@lmlnee%e@ﬁ Veihfing edge. This
Caﬁ?gntwst% falnngnﬁ&fap &&t%mgaéeook 9& ﬁemf%teel As

e tips to 2 cutting edge of e annu
ateshert,t a dxftetnm; aeSd)ealanspwdu barredm:emanelasenhttlng speed
wi t hout causing chipping of the cutting edge. This is
cap Rontraait-an annul ar cutter nade of high speed

st eelcd,ps% dﬁr{tq Ml tan %l(élgttrh@gd'i@ihshﬁﬁg§a€§§ RRich uses an

reduce cut'ting speed can be increased
afionsequenttiey havisiecementddi hrppartaings cdm tibespresent

an apnul ar cutter having ce ed carbide tips, as in,
1pREnbt FRentati niShER D, 2 cgﬁlrﬁ %%%éeaEOBPFr|agaeaccordlngly

lﬁﬁPHGéd ansbeaaaidi el y dflrmﬁa\geépébaeyshpyg QEtéllned
ling operation is attained.” A cutting speed

SU|tahleuﬁtnngnﬁpemdlsumtahﬁaﬂﬂmr cget @rithhawi agnular cutter
cenented car bi ips, .and a _cyttin eed s ab

hEEITY, SereRter de i A Beac Bl fulie OP Sytrad G tabte for
uSkeg! t19Le £85614 Pedit tich makPwWst ng?ﬁlsﬁféecﬁggebﬁeare described

Tools," P.16 (First Edition, published by Kabushi ki
maﬁe‘,ch‘a tmsgéeShwpérv)se Thelapt 6t 182 (Fsrebl Bditeibruphblished

ﬁabushggl kals a f%lgagghuppan)

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 SWPW which 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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speeds (for exanple, four tinmes higher than the prior
art exanple) , and is suitable for performng cutting
operations enploying an annular cutter with cenented
carbide chips. Referring next to Fig. 4, description

will be nmade of a configuration and operation of a
drill notor 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

cil@&tiitf Bﬁrrédtflcﬂllés 81vapph§& S REVehe ték Bl L alr pAREAGIUPPLy
53 contained in the el ectromagneti ¢ base 51. When the
5 Qo Gumslr sumltl@ﬁ Sewerh ehied \c%m@@t &8 beewebpctp@nagnet 53,

t &t %r n% x1n %%V@EléﬁE@flul??PlP%%PéaQ?t gé&c?l%n\éggég{ object

urn wave

bﬁharge\%ttllﬁzl £6rde VOIThROACH DeNtbiige £d £15Pak oACep@Bethe voltage
supply 50 and su gplles the rectified voltage to the
fmr@ectrneoﬁagﬁéﬂasspx RIGTeBPPRiLYi AG the disedr PE wpitage (for

e tl%ﬁ éf%g%éawgféh ?Ee%hgp F?gggegl%JHyfgi dg¥% for

conver conver fromth

cendl @iNalnAChRoWR A vSHBPbY Eﬂet@ralilm&xbﬂX13mﬂtage (for
exanple, 24 volts), which is supplied to a contro
unl t ¥ drriacoBCRolSi REOVAEedr RFi AQMBI Nt Fel BERI NI nptRRent for

co r*éerrcénzir{#/%ﬁs%%%ne%t?&?]g}ggddﬁ?lf‘ d} 51"2“ ttg BF external AC

connec I'sconnecti ng the

pdv?e.i eupbe yext er Aaphdo-poies psioppl s Eannécpbdtb)ettweeaﬁa gate
PHout is connected between a gate term nal and

termEra Y ndcar mirrRge {@FPRANOBE) (HRemifadc OBCRI® AT1ac BCR. A

rd EPL A OT AGHRENho BELLELS N LBYGH ORD TR dohfREE L f0serses
erles Re for detecting a | oad

wttmrﬁhﬁ ﬂﬁlewnBgRtfwrnqﬁteddnﬂgjallbadnnunrehl dddwtingathrough

tggjgrill motor 12 and 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 voltage 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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The control unit, which is applied with the DC vol tage
from the AC/DC converter 52, conprises an ON OFF
control circuit 71, an anplifier circuit 72, a
snoothing circuit 73, an overload determ nation
circuit 74, an automatic stop/re-drive control
circuit 75, and a load condition indication circuit
76. The ONV OFF control circuit 71 outputs a control
signal for turning the triac BCR on/off in response
to a mani pulation on the starter switch SWON or the
stopper switch SWOFF, or in response to the output of
73 hehragtghimat kes$50pF Re3 dihore NVl agler 6Ukbsg5thd heesistor
anplifier circuit 72 anplifies a voltage across the .
R¢ en%]sltsoFORa ZgRe 48VBLt s The ampddfiergChErafe’ ohaner gain
@;}"aoj;)t' eyt 73. The anplifier circuit 72 has a
T l%o%pm%r{engg gngé (substantially, zero), and can
rapi dine diveehaadedatehal geti@acaimdudtted4i deBecapacs tuliether
C73 included in the snpothing circuit 14 73 through a
O% e8Pt 8P RPIPHrert thePVoFbagemaekBsRdt RETFBEFst/dr €¥yEeds a
pfdH Sudiq dcteherke¥fbe T8LLEMPIVId AN I et fhePASr%r not
gain edual to or nore than 1. The overloa
thiet dr vl hatdtosr c12 cls t opdraiet ey nimesuathed hieeavily note Blovaded

out put VL1 of the snpothi ng circuit 73 exceeds a
COREVE RIS 1Y aded b BRYr BRcE2P8PEdge Vrefl to judge

whet hﬁ{e Lheitid g%ogr/.i‘u-dm&’g:.o%%rioi c%ﬁxft‘fﬂt! 7§ édglé:rols the

such a heavily overl oaded condition t It may

oAV edntTiod autonnti tl stiopy Lésdohveutcant rolktombkdahlly stop
75 controls the .  ONVOFF control circuit 71 with its
IEEE R Aot S trideh BREPY G SPerFiTI i RA: hb of ihe overload

&4 Afs e MR LBE 1 PUiPYLa VAL O e RY 85LP8Fad condition (or

determnnation circuit 74 indicates a heavy overloa

Veehlit Vioh ( end aftefnati odlly re-adufiwad bhatddlll yotor 12 after
argfed eitveersfnitnhe%l %riimlel prennjctig& %gogftt_heer 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 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, whiie the
LED2 (for example, red) is turned on in a lightly or more overload
condition. 1Instead 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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a predetermned tine period fromthe tinme at which the
driving of the drill notor 12 is automatically
stopped. The load condition indication circuit 76
det erm nes whether or not the output VL1 of the
snoothing circuit 73 exceeds a previously set
reference voltage Vref2 to indicate a load condition
of the drill nmotor 1 through the LED 1 and LED 2. The
reference voltage Vref2, 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

tHO AR sPP¥Eh oo tiei X idde PRE sRitkh bWBWtL¥mains in
over| oaded and will not be damaged. The LED1 (for

arexXanfl stats ge)that thenednbrol mna tnbs mpipliiegdwith a DC supply

ndi t L.on [ e LE f.qr exanple, re LS .
v e E B cHR A A Py Y eFErb 2 it BRP B eliipf ofransistor
olnstead of /dhe cbhbZo1 s duliRS7 ey ohe AVt HEAD/DC converter
i ndi cate |ight and heavy overl oad conditions,

5% thpeagh\idieystantemevet el iONast ey Bausangidie hsappistor
Qflgetré’“é’é LYED q ﬁg‘é\/\%%st e siafter as"’%xirgrn%nsc!%%\ﬂ}‘s's 'ot?hrough a

e power SW remail s TH  an

pHdd-dikicorzN UBi tuirs afipl 4 eghvtbhrel O PHRPUY which is
voltage fromthe AC/DC converter 52, a base current of

ORE kG st ledy tooftheh@hofrorEogenPRél N ci Feeareby1forming a
sd1 PV f%tﬂ?cﬁgtl)?o?mﬂ}ﬂg”c?{a é%té?r h the starter
SVl t CH , g R EF S

thereby Ccausin anststor Q71 to be

turneds whe AsafshesoltQ7a Lairtefied lodwys at kueughtaalso flows
tﬁﬁgto-diode PH21IN to turn on a photo-relay PH20UT

i g eetedisdcoffldl tePRIRCsitbt A0di PRISLFHR N the
' . sel f-hol ding.ci.rsy t he . .
L NG P 0 B PR R B A bt il 15 opicary

coyslehttcakhe phovs-diddeowrygh Ia pbdiotdirade Shlll By turning on
" connected in series with the _transjistor Q71l, causing ‘
the photas: BRac thRI BuPMA & FUPP lgppchs |gpnnected to the drill

motor 12 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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coupled to the photo-diode PHLIN to be turned on. By
turning on the triac BCR the AC power supply 50 is
connected to the drill notor 12 to be driven. As a
result, rotation of the drill notor 12 is conveyed

t hrough 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
mechani sm 20, the annular cutter t is noved, while it
is rotating, toward an object to forma bore

wHilter et odgh11 Ambead ayr regt nbtowvagibhredgh thie &dddrator
notor 12 is detected when a voltage drops across the

(apanadrtong@dt ezl bhf ¥awli sOB74RQE pheolavegd opdopde teomination
to t.he ad current_is_then anplifjed t he,

gttt 6 ErERUER 7o ot Q038R ed VG SO oot hi fhe normal

cdidiGlidn, &3low PeEcddie ilclanenes ¥olimgeapaefito@f chheor the
overload determ nation circuit 74 is set to be higher

auteana trilves ber HiR —dxiTe agetwel cdfrculhis Enpee Hihed zbesei ¢urrent

' . opndition_i.n 16 ich-the dril.l motor "
o173 (TR SR A0 1B bt KRR ch e aPhaat 3n ot
stagd . fier) OP74 of the overload determ nation circuit

74 outputs a low |l evel. Therefore, in the nornal .
condilfi 6R1s B4R vELNEGed iB IgieRtgedn bR Ples baFdeimsointo the
%5, 0of: the tL€.S -drive . control.. chrcuit
PHGTE s 1 TR L SRS AR I0RTLERL  af b uon ene
trnisfduy and, ties phore-teracnsuicuBRen@fihs 18t €onlNstate,

this state, since a current continuously flows into
therebypradriditdde Phel Krépct BER O Grmasiohtiplarei‘taai tstate.

L B A a8 DR i 6P
indicctiBOR ¢Dreeimi N6i Asamigher sradre.the output VL1 of the
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]1 are turned on, while
a transistor Q762 and thus the LED2 are turned off. From the lit
LED]1 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 VL1l 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 LED]1 is turned off and the LED2 is turned on. From
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The reference voltage Vref2 set in the | oad condition
indication circuit 76 is higher than the output VL1 of
the snoothing circuit 73 in the normal condition, so
that the output of the conparator (operationa
anplifier) OP76 is at high level. Therefore, a
transistor Q761 and thus the LEDL are turned on, while
a transistor Q762 and thus the LED2 are turned off.
Fromthe lit LEDL and unlit LED2, the operator can
recogni ze that the drill notor 12 is in the nornal
condition. On the other hand, when the drill notor 12

thHesuaverl DEDEGNd Lhe LEED, el epératocausedettermine that the
i ncrease, causing the volta g across the current

drjaile@OteR RasistblING ¥ PUarcoasss, and FABr BRGTRERRS mfijust
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he output VL1 Increases to reference
vol t age t\reef@rifl thetot oad dendivittdrexd nblma:@éd ono a heavily

circuit 76, the output of the conparator
oteLhrddahRenE bheR i ghirbvehe (5] 'ath’é\ﬂe% mthPe damaged,

u raps or f van
RS Te LTSRSk by, LBt i dhtees co

rafigredcofrblbade t\hee 1EDP tilse bunemédadrdeﬂ%rmnaltﬁctmelrcult 74
-u |jt LED1 and it LLED2, fhe operator ¢

F Ao At EPifotoRe12tPE PP R?F?t%%e‘gﬁ‘g @t Chpverload
d&@@rrm?atqf&f €ipShist 4 @uﬂf;%xf@a H edvto vIHlQ:kPQ@]B@EéI‘PE‘lally

| ever 39, as required. As the dri not or IS
mwzimteamémmhdch@rfaeﬁmw typacviery ﬁadetchmmh &i @hode D75 and

notor 12 na e_da ed t he out put
2 VA D Or R Lo T A1 14 UL D or PRbnaBiiny (4¢Pt "Hbtomatic
st &b BFENES; 90| é@fg@rM eéir@jlﬂ hes oveahgﬁﬂg det AR b flow
circuit 74 or higher. At this tinme, the conparator
tigRUigiofa tes ioter] BAE2 aed etiné rizes corerndittes; pf74heut pamsistor

ot 4, LRk L S TR o, S BRAIER g ehrousr
the photo-diode PH1IN of the ON/OFF control circuit 71 is shunted
to conséquently turn off the photo-triac PH10UT. 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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a resistor R751 (having a small resistance) in the

automatic stop/re-drive control circuit 75, causing a

current to flow through a resistor R752 and the

base-enmtter of the transistor Qr5. As the transistor

Q75 turns on, a current flow ng through the

phot o- di ode PH1I N of the OV OFF control circuit 71 is

shunted to consequently turn off the photo-triac

PHLOUT. 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 notor 12. When a heavily
dispteidgmdetecontbtdo) eauseagttige ath@BALLOr Q75 to turn off.

stop/re-drive control circuit 75 to turn off the teiac
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circuit 74_transitions froma high level to a | ow
trankitomsQ3l rewaips iR t WRPaubbabei ¢ IhEpPEErGri when the

tréﬁﬁﬁééér‘67%t§gknz5off*E%té%aéepEQ%éE%%Pfﬁea'¥ime eriod from

transi st or I'y conprises a discharge current
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Then, _the base current disappears after a tine

cigeith i hed? bSHEFenR %ﬂasl(fhaﬁ'lg%”’st i Pr@ti?oﬁg?aﬂf“)tea‘%?ﬂ@ *hin
r ur t v S
R P S s QI PR oRe (hanerSray Fhygor BT co
agsinltufrororednbyethaet pabl p-idhode iRd2 BSRand txpsfmtcm Ielfaythis
PH2 n the ONOFF contro|l circuit, 71, th
waYy a%Ts‘{rdr“Q?‘PtPénﬁ?ngsl A9 LA PR tﬂwéF&P&Fethﬁhéﬂmlar

cutber W ans"ﬁ{é)r d@ZéhEH?QS Ofde aflbgktanpr eget %rh@ Ngdtomatic

time period from the ftransition of the output from
s t ohAr @ver 1 oadc atet eyl qlatdudit 7@|n@upteférahleutpehe set, for

a n fl ows |nt t.he ,phot o- di ode. PH I'N ou ,
ex AL S| Qe P e It RS Tt i he iR AUERTS, Tt 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 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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again turn on and eventually the triac BCR to turn on.
In this way, the drill notor 12 is again powered to
rotate the annular cutter t. The discharge tine
constant of the automatic stop/re-drive contro
circuit 75 is preferable to be set, for exanple,
approximately in a range of 0.3 to 0.5 seconds. It is
therefore possible to automatically resume powering
the drill notor 12 in a short tine after the dril
notor 12 is overloaded and a current flow ng
therethrough is automatically shut off. Al so, since

to the ptdgurt Yhieat ibhecaimeihicga cutdliing ¥8sidesneadescause
at the tinme the drill nmotor 12 is released fromt hg

it gYBrPEACRY AONIRE BAT LR OUNUFSBEE He t4P5r Lixed to

theOc:W@tﬁ.F?téﬁzg l:lq@:g &endinty ?E’not%@ diPRafl FSth e zﬁe annular

t ransi fron1 ow | ev to hi | evel, so that the
cutdd=l ats htighnegeodswhide a hesuED2 the fot hediondfopérmtional

this way, the operator can know wi thout fail that the
beQﬁﬁqqslﬁﬂPoPelfttélPQPeased fromthe overl oaded

condigyi Ofy e Mel%%ttl%%rﬁé&{&ﬁﬁﬁﬁﬁgﬁogga pefadid Qﬂe motor
| ever ‘39 to again nove down the annular cutter t for

and estoirngat e Heshghedntoknglbgra Lok bqghuet hEltdbjtéet result
As descri bed above, the electric dr % par at u

thaa%aafeocﬁerf@elel@ttl&ntIﬂ%cfp?réﬂs%wamﬁeﬁ?%ﬁe PeiEE apd size.

CUttilg r@sl St AlGE: RECAHSEL a{: pSFPLOYScan BBNWedured to a
cutter having cenent carbide tips fixed to the

woky e awy widge at seabbéy atridragtionofonhe creT dmatotheematipetic
annul ar cutter at hi

. . As [t, th )
ba $51 By COIFAEEOral T IAITALYs LR AR had . pgiant of
thd *bg&%%'ceam% %95819@%%%@%@%5@ et QEight,

arbor can be eS|gne to enploy a low torque, with
thwesug@smltcanthatcctrttm@@@emrm RoredwsEHon Imtharotrrall size

anéeggfggtngvﬁhéﬂgléﬂgif% drlll 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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(b) The electric drill apparatus can be secured to a
wor kpi ece with a smaller attraction force, so that the
magneti ¢ base, which conprises a relatively large
capacity and weight of the electric drill apparatus,
can be reduced in size and weight, thus significantly
contributing to a reduction in the overall size and

wei ght of the electric drill apparatus. As will be
appreci ated fromthe foregoing, the present invention
can stably secure the electric drill apparatus to a

workpi ece, while achieving an overall reduction in
apps et en chowdghitng of ot hee appasattis inkesbdiosi tee tirecrease a
aut omat.i ¢ not or stopang/re-drivin

rotR iR CRFPY Ahike BFF 14 TRk PP 1O e itar o TRk tance

by QELNbr Phe QdRALERE 1 dedPh AULRRE L6t hy dRrtdiiy/ @dyBE the
notor at a predetermned tinme thereafter, an operator

drileedohot isperpdlel ot swittedhi ngart heglsipeiedg  ttHee raywenabling
thus i nprovi ng workabi li.ty. Further, en, the dri.l
anrnﬂgﬁraﬁgrnB?réhqﬁﬁﬁﬁf-3rf$éﬂ,aQﬁPn'dpeFﬁ?gghcerkﬂftor may be

subfdOF TR0l r1hea GRNdubi N insPehBall AR, 0PRE A omLARk motor
readily know a time at which he can start operating

steppingper-aliioringeyaeahsr peedidedt Her diing gdwenadgl ydrill
Fur t her nor e

sipnce the |.ow prafl. type el ectric.drill
PR AP PArE Ei@lgcg&%’f%‘@eqto-t}{)engrﬂihgs%#)of navné]::}talncr)lr‘fll@é:nwtter
FréRCEERSE damd RAtdOMlokeReadeotot Boedlibadiingt or to
reduce a cutting resistance by use of the cenent
car bitdiel e kps ¢le@ditcodr hél apreiraguedrsoidiag §pithe present
. _otor is capable of rotatin t_high speeds, 'tk
ingRbbloh et AResr bRt REFE Rt S REE S one) BibSRnent,

it Thovghd it Ry theseSHRj Tédt tn oves lpaditigtue va@iety
i ncreased feed, the automati c notor

of grepf ef o iafidng LFE ARt pPRvi U PRNMEAR & dhrg jievention.

driIg‘or 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 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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apparatus is able to prevent the drill notor and
annul ar cutter from being damaged or broken due to

overl oading. Wiile the electric drill apparatus
according to the present invention has been descri bed
with reference to one enbodinent, it will be apparent

to those skilled in the art that a variety of
nodi fi cations and alternations can be nmade to the

i nvention. For exanple, the control circuit
illustrated in Fig. 4 can be applied to any electric

drill apparatus including a vertically arranged type,
emslidfidArinist elakie olfowde prabitle type electric drill
apparatus shown in Fig. 1-3. Further, in the contro

' ci r diide FH%FégﬂccﬁmQQQQmﬁﬂﬁétch%ﬁuﬂ¥ﬁ0t§%? griélnacroeding

toekﬁs 's%g%%r&nema&? Rhve MBERANIRAIC,iBlRY MBANSS 6 pe
oye I nstead of e current detection

undéﬁﬁﬁdmﬂtEﬁkdﬂnnénVedtnnnS@wnesJanheﬁh@ydmndbftﬂmﬂdmtalls

a_ current transforne may, be enpl oyed f
Of(ﬁﬁ%ﬂQQQﬁ5%9t18@§rQﬁt Pﬁr%@ﬁﬂy Qﬁﬂlqutnﬁ?GPeIZthe present

inddR£ad 1f tBI'kFe tcrdn%q:r%% br@a&’ﬂ?tvﬁ'tﬁfilna?[tgrsﬁirlt and scope
mechani cal ay may be enployed. Any tinme ‘neasuring .

as nesinsowucn ashea qmdom@acmmgeclemlys be enpl oyed i nst ead
of the RC tinme constant circuit in the automatic
stop/re-drive control circuit 75. Furthernore, the
drill nmotor 12 may be inplenented by a DC notor, and
SCR, transistor or FET may be 21 enployed instead of
the triac. Wiile specific enbodinents 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 invention is to be construed broadly within
its spirit and scope
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as set out in the acconpanying clainms. 22 CLAIMS 1.
An electric drill apparatus having a | ow profile,
conprising: a body; a notor nounted on the body; an
arbor having an axis and adapted to hold an annul ar
cutter coaxial with said axis, the annular cutter
having a plurality of teeth nmade of cenented carbide
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 the notor
and the arbor for transmtting a driving force of the
nmotor to the annular cutCeAIMhrough the arbor; a feed

mechani s es ve to an operation of manua

- oper Gt SIPTEVES SHR AT EReNaPbOF Bl DAG Pretikes
coﬁﬁkfﬁ%ﬁﬁl or retract the annular cutter attached to

the arbor relative to a workpiece; and an adhesion

base keldyion a botton1of t he body for securing the

electr| dril arat%ﬁ to éye wor kpi ece; the notor
bei iy gbpgu oPQtl e onnul ar cutter at a

hi gfansa@sgr Sty £n fa&ﬁseafﬁoﬁgéaﬁtge& tBivHn & aﬁeéhrﬁmatf Bltter
operation by the annular cutter with the cenented

comlraah ¢ thi paididwel sixitheofnniva it eaxhantiha g |priuata11ty of
di.re t|o different n1that of rotat ng shaf.t
redth REbL A SRSl arki Bl B s Hede b R3O0 B e Slnabie
theRiefulle thetspees Jradiust b IRE B@nb&mgh? roatalRelir keed;
drill apparatus according to Claim1 further

conpr EpeAY reduclk bpmiieshapi on Gitsnnsiasgbeevwdenviig motor and
thd&5 fggyf¥8r 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 workpiece;

the motor being capable of rotating the annular cutter at
a h.igh 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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whi ch conprises: a main switching el enent connected in
series between the 23 notor and a power supply; a
current detector for detecting a |oad current flow ng
through the notor; a determ nation unit for
determ ni ng whether the load current detected by the
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 determnes that the | oad
current exceeds the first reference value, the
mot@@nthal aupbwetrtUusnppif the main switching el ement to
shut off the current flow'ng through the notor, and
subéeéfuéﬁﬁny frérctre fast dehPRatTdm uhPad de¥EF R helstowing

thr g%f&%% lRad Gurrent decreases to be smaller than
t'st "Feference value, the control unit turns on

theamMétéﬂminﬂﬁﬂuheﬂﬁmmnfoﬁtdatprmﬂeiegnhhedhbkwmhe load
after the determ nation, to sup ¥ the current from
cunnentyodetestippl yP¥ o thhe CWOIDE §e BRteFect¥Geedy i | first

pr{?&%ﬁfﬂfﬁ%&ﬂ¥g¥é¥éﬁ%etQagh@'nb&d wherein the adhesion

conprises a nagnetic base having a magnet. 4. An
el eet ebatdobll inappomatcos tactdidgnghe maGlmaismitchwhgrelement
the axis of the arbor js substantlally perpendlcaﬁ
termines

to tthnmhen /e £, WhersLat VRGR sHif (5 THE oy 1o
th§%e%ﬂé'fogﬁ'ELr?PH@rékeéed§09W5'§iPQt r@f@?@ﬁ%ef§ﬁlue, the

rotati ng an annular cutter a nmain swtchi ng el ement

coirie tinéd tarssrdES thetmwian stwhechimy orleaechtatpostert off the
cugﬁgﬁﬂ flow1ng 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 current detector for detecting a |oad current
flowng through the notor; a determ nation unit for
determ ning whether the load 24 current detected by
the current detector exceeds a first predeterm 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 value, the
control unit turns off the main switching elenent to
shut off the <current flow ng through the notor, and
Cunnﬂ@§eqdehetyedhénfthbe detmrentnatebactort edste@ds nas first
creases to be smaller than

t tt | d t d
pr%#%i%ﬁ g O%Fgggégggvgﬁgge’tﬁ% control unit turns on

t hearrabﬂtgmt@xhw@fcﬁl @%Eko@hﬁ%e@}&! HaTnN8H i tEABNGTd Bdment
the determnation, to supply the current fromthe
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o AR AGRE AL U D e ol 2Bl o
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apparatus according to Claim5, wherein the annul ar
on dhe é‘ralébrﬁyﬂits(‘é'smcﬁjtetheﬁ‘@“tteéfchPﬁﬁd@téfm@;@ﬁ@nf—b‘@le after the

e SEL AR S PSR bt Sy, RO O Bl RO B e
mot@specti vel y.
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 determinationunit for determining whether the load

current detected by the current detector exceeds a second
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9. An electric drill apparatus according to Caimb5,
further conprising: a second determ nation unit for
determi ning whether the load current detected by the
current detector exceeds a second 25 reference val ue
smaller than the first reference value; and a | oad
condition indication unit for indicating a nornal
| oad condition when the second determ nation unit
determines 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

re fitefeatdd nedl ddhaimatilerl eadncuheepirsxceeflsrdéiee secongt and
reference value., 10, An electric drill apparatus
accér diodg conetiinnsingiedeion uHd dorr dndigatépgop parmal
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mal n svv|t0|ngeerrent 0O Oou avotage
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current, and the first determ nation nmeans is adapted
ln@k?%%&ﬂﬂ\ﬁ?Iﬂﬂﬁrlﬁéptﬁﬁﬁth%?%sﬁhﬁﬂjqﬂf B6°PRe Pghgrmination
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erence vol tage correspon e fir
vakwf erence value to determn ne mhether the Ioad current
exceeds the first reference val ue. electric

10gri 1 A0 aplf atis d&&&ér@Pm@r%u%:naaqﬂr@l%é%%ﬁw e wherein
CUTTENY cHRLERE UoteRedrd X80 L8] PLOISCOPURGHEALLN in series

series wth the notor an e main swtching el enen
witthn e pubt @ar vald agein citidigdchgaelesenthéeor esicptiar a voltage
e pondlng o the load current, .and the second

orr
oD AR AR T E1HR FEF 5 Sl iU SR BBV EO fhe 10ad current,

and

the first determination means is adapted to receive the
voltage corresponding to the load current, and compare the voltage
with Ia 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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vol tage corresponding to the |oad current, and conpare
the voltage wth a second reference voltage
corresponding to the second reference value to
det erm ne whether the |oad current exceeds the second
reference value. 12. An electric drill apparatus
according to Caim5, wherein 26 the control unit
conprises: an "on" state self hold unit including a
first switching element, for holding the first
switching elenent in an "on" state when a starting
swtch is turned on; a control signal supply unit for
thesappltyonguabt” oompedseésol signal for turning on the
mai n_switching el enent when the first swtching
el eABntoPs ??P??m?ekﬁ*“%Fbﬁ@ltal§éé6ﬁﬂn§mﬁt%h?ﬁ@ switching

eleﬁwje%%enfoi‘\’{?l'ocilalhﬁrﬂlgt (ﬁlheg{le %Pghiﬁ %tlem%%tte%lmatr}ﬁtébgn state

unit determ nest curr nt exceeds
whehi mststaeténgnseivahues twrme@veni the control signa
supply means fromgenerating the "on" control signa
irr gs%%%w% S3IPeHeSERPRLY Undd £oRi PR EhRsth@thepng Gantrol

s:.gtn%q ngl tl‘f‘i’ﬁ:{ cﬂ'{]Qh% HQH.B sw erir}?%\éq.etn%ntthﬁhe?hthe first

determnation by the first ation unit
swnﬂmhlmgaélemenEnnslsnrem@cédnbeétwtdhe first reference
value after the |oad current exceeded the first

r ef 8r EREBNY AP kb CRIRI (hSTGTY P CPhEUEBEORT PR cHiifirst

de t&r@BRL 13k u§19rc?é#?éﬁl{ﬂﬂélthtaltn€h§ffﬂd € rent exceeds the
determination. 13. An electric drill apparatus

flractcoeﬂengm@ v@llaiem &0 pwlesreaitnthé¢ lnenteion sigrhahi lsngply means
is atrjac contrql unit conp

froghgelaﬁrag{%g &hgel P &O&lt&ﬁq{s:‘.%@%&rﬁ&sgeﬁ:ﬁgg of the first
5w i Gl @gemﬁﬁﬁn'ﬁb%ﬁﬁ@rlnf Phe hobgh ng. dihe, fif$t swi tching

transistor I n an

a unit, respon51ve 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:

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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state when a starting switch is turned on; a
phot odi ode for emtting |ight 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
coupl ed to the photodi ode so that the photo-triac is
turned on by light emtted by the 27 photodiode to
supply the triac with a gate current; a second
switching transistor, responsive to the determ nation
by the first determnation unit that the | oad current
phatxeHedie tthe stippdtly thEéetenee wathiea dare bypassitg a
current of the photodi ode to extinguish the
photodi TS r WY of tTaHE ¥4 gt HFMHHye to the
detd ASHALUYn B8} NOhé N£EPEL" QR e$h@hSE18AduA 1 ¥NIdhat the load
responsive to the determ nation by the first
cusirer akoacdshent tirsthat fehentoadh lmer, rsont bgpeseasgs torrent

be snmaller., than the first reference value after the.
°fI%%Pgﬁf’déx%eﬁ’éﬁm%ﬁs@itrhs% &FEREE vEFGEPeFbive of
thd U i N9 Qfife QS ecaRd iSWol-CRERAG 16 aRsd St~ At B&e; and
predetermned tine after the determ nation. 28
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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