WD 2005/ 011904 PCT/ JP2004/ 011098 DESCRI PTI ON ELECTRI C
DRI LL APPARATUS BACKGROUND OF THE | NVENTI ON The

present invention relates generally to an electric
woi2005/01m0par at us, and nore particul arly to anpEl/aomi0c1098

drill apparatus having a |low profile and adapted to
automatically re-drive a drill notor when rotation of
the drill notor is stopped in the event of
over | oadi ng. Nowadays, in carrying out new
construction, repairs and the Ilike of a variety of
bui I dings and so on, there exists a need for drilling

wor kpi eces conpri si ng spgseitralonmateri als such as a
steel cage and the |like to be provided at or near

positions at whiEEAIRCWEREPT eRRBARHTESat t ached to
BRHkéﬁémoﬂ trﬂhslg{;ﬁlgf{(% e necessary to transport
ri

such an electric apparatus to workpiece

ass erileyp 1 soesintentaicdi té ot e sagetrddaliliygt @peredicicamic drill

nust be often perforned in rel ativel y narrow, space
BRSPS FEESRCHEARAY O 40 <R JARTE AR ikl G ratus
h&%1i NP bKIWEE Lo f 51 abhaGhRbt ed W Sut b tONRNI1& £8S¥rive a drill

transportation and operation in narrow operating -
ngpae adieng regabéer onf i hesidrd Lantovr dist siterpeguinethd grvent

oPUSh §ﬂ§§a;%5c drill apparatuses. A conventi onal
el ectric arell apparatus typically conprises a notor,

an amiadayppanrt cagranty poving eotitdtuertifor, cepdirgand the
a vertical direction by way of a sli mechapi sm and
14ke (95 ASTRES T ENC BT R PR LT gt Powet dofesd for

abher tHd lorittest BohpLi MRP sttt emdher L4 4 &uch as a

which are arranged in a vertical direction or in a
steekbctdasn anf hbeehbr tof beheravbded aduelw near positions at

W S8 1l Jqé’ﬂ%{{e%%%egm‘%!aetcéaréh%gd»{é 'b'utiﬁﬁEﬁth. P 58 fherefore
genera Iy arge 1 n sitze, and can us De only usead In

nkteddef, oper athffparieasuch an electric drill apparatus to
workpilece 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, & reduction in size and welght 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 2 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



1 WD 2005/011904 PCT/JP2004/011098 and have limted
portability. In contrast, WO 00/54915 descri bes an
electric drill of a relatively low profile, in which

W0 24039019%0Mas a rotation axis which is substapCi/atbes/011098
per pendi cular to a rotation shaft of a drill notor.

Such a low profile type electric drill apparatus is
reduced in overall length as conpared with the
vertically-arranged type, and its conpact size

increases its portability. In addition, Japanese

Pat ent Publication (Kokoku) No.3-78205 and Japanese

aRat ea¥e PubliitedDpselkepur e Kokai ) No. 2003- 25122
descri be verti cal I% arran%ed type electric drill

appar’st Gee§raghc WOPORACHK® dagsitiidbes anfeARIGOF gFill of a
ré%@{f@éjff%mbro% erll%ﬁ{éhvaﬁgrs réha%% bthPibA%®xis which

event overloading. The low profile type electric
idrsublstappas dt peapeadowel drako aarrtelte ohrdredgnef ecldiddenotor.

for fixing. t aratusto wor kpi ece t

shfhit Lo GebbiaCibves BRSO T aniho S Eg ' Peaucea in
@88kl B 1an§tB & O ofpieBwdth Ithqeamaﬁ@fau& yt-arb@ng@mtype, and
small, an along wth other parts of the apparatus, an

15F eeePRARIgRdTeC LDESBABES tHe ROFsaPatisyis nade snall |
Due tg, i 1.5 5m8ld S' Zo% a‘h@? ae'Pﬁ‘EéfLP”aE?Sii&at?ﬂﬁ% | Brokoku)

able to exert onl ttraction force
Npe3uT§2athe achd | Uap@z@marPatt@stsuPlﬁsz: f mmaoauawbadkokal)

in t. it has a.limted drilling ca ilit Sp .
TR A R N Sy RO SR
appsesi e, Batherdapasesenhikebal rzeli beoRhovendaveilly
an automatic stop function when notor overl oad

sbeeRtsy HucHg ofuAcTPeRr ikt gheyirdertonf yoTerkarding.

g'hleﬂrfﬂe 1%5« r#of’i %arc %gvleeg%gﬁr Ia‘?% hi EpggagggtéscaFove has

adi egett pomadgintsic tHiHee Bt stiscinE elhectdrid ldrdgddaratus 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 is made small. Due to its small size, the
electromagnetic base is able to exert onlya 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



apparatus having a manual shift nmechanismfor an

annul ar cutter 2 WD 2005/011904 PCT/ JP2004/ 011098

which is provided with a control neans for

waowestiwal |y stopping driving of a notor WhPOT/MERO@K011098
over|l oad occurs. Further, there exists no electric

drill apparatus having a function whereby a notor is
re-driven after it has been automatically stopped due

to notor overload. SUMVARY OF THE | NVENTI ON The

present invention has been made in view of the

foregoing problens experienced in the prior art

wBl el Srévidéd appRraAtysesol RXeAPlidr gt aRoviesalllly Sopping
an object of the present invention to provide a | ow
dpEBERY O F yh@HBCHRPE BT CAFPAPAT URCHENA ng FRTERYTIc ehere

e$h 2€5s A o MBI _dlé!éli Za;f}{)b\%%%ﬁrs H?Jrfﬁé iR iBhesfMeby a

Invention to provi profile type electric
ndiot | imppardativennaEter i S dapabken cdut deitigadfigbbyopped due
tfixe to qv%ﬁrk iece. It is a further object of the
BrBeERt THVertin to provide an electric drill

apparatus which is capable of automatically

re-drivinqra notor follow ng automatic stopping of the

SHUHBRY Rfe THEp OEYL I8V er | oad, and which has a sinple

confi ' ' I ] i e :
Furt nat? BEp 0ot IV ERERYE pa QR hadd i ey 82 Tx¥Horegoing
pebetéms exgeirienappdmatius patiioche 11s edapablie dfill apparatuses
' recogﬂ%fh$%lboth a normal and overl oad work condition
SEFRI MR St PR Sachi eve the above objects, the present

i nventd A BhOYbHES: ofl Bha didsuntaspechtidn tﬁ:l eebkige a low

drill apparatus having a low profile, whic
PEBRpPEe dope electric drill apparatus having a reduced size and

welight.

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 folleowing automatic stopping of the motor due
tomotor overload, and which has a simple configuration to improve
operability.

It is a yet further object of the present invention to
provide an electric drill apparatus which 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 lowprofile,
which comprises:

a body:



a body; 3 WD 2005/011904 PCT/JP2004/011098 a notor
mount ed on the body; an arbor having an axis and

adapted to hold an annular cutter coaxial with said

WO 2005/atne4 annul ar cutter having a plurality ofCT/ireetsv1ie9s
made of cenented carbide tips fixed to its |ower end

to enable the annular cutter to effect cutting at a

hi gh rotational speed; a speed reduction nmechani sm

di sposed between the notor and the arbor for
transmtting a driving force of the notor to the

annul ar cutter through the arbor; a feed nmechani sm

responsiotddt toaitepesat ¢ mekiya manual  operation
| ever, for nmoving the arbor along its axis to advance

or r il AEPOF REVARA AT X3 APERIEPESE HEdhe b pRe ARG cutter
cbgkahi V8 th0sa 8 RIKPI £ @Ia]nl"i’lﬂ(iaéncwhg(hgﬁsaepflﬁEality of

securing the electric appar at us
teptkpiadea £ t@ﬁeemmcbcaﬂmdagtcmﬁbked &b :rtm: advwengehtieo enable

nnuI ar. cutt for f.fec
B e BiEE e i BB Er SN IEH) Enk> SR 1606L efbect
with 4 B@e@d%ﬂlﬁﬁﬁ:@{ﬂé&%ﬁ.ﬂsﬂﬁdlﬁﬁ&éﬁb&tﬂgeh heh2haB886r and
extending in a direction different fromthat of a

thet 2Ry SHafraseri hblnptrodrifies Fo%emftt Fhehaotor to the
agﬁﬁyémcéto{e%e th‘ifouﬁ‘getﬁr@tﬂnga the speed reduction

mechani sm 1n an erbodi nent of the electric dril
apparatiesd meehaappar a¢sorfdintehdo eonppesesiam of a manual
aut onat | dr|V|n mechani sm whi ¢

BULSERLL S pter e SLoRRLol L~ drio g mchanSm bl ch. .,

o8 eFd 8% e tWeeAn hilEa MRLQKE o 2NEk 9 MR EoSURP lbordrelative to
current detector for detecting a |load current flow ng

at WebkrRfleca’h@ngbt or; a determination unit for _
det eram QBHQSX‘QS%%% EQJ.Q sle%aging the electric drill apparatus

tc 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



current detected by the current detector exceeds a

first predeterm ned reference value; and a contro

unit for controlling 4 WO 2005/011904

WORMFA0®4/ 011098 the main swtching el enent PCDIR2064011098

on/ of f, wherein when the determ nation unit

determ nes that the load current exceeds the first’

reference value, the control unit turns off the nmain

switching elenent to shut off the current flow ng

through the notor, and subsequently when the

determ nation unit determ nes that the | oad current

teChaaseswt OciReng Bl &dnd had e fod Adra ef @868 when the

value, the control unit turns on the main swtching

d@ﬁéﬁ%%ﬂaﬁﬁoﬂaunﬁﬁe@ﬁﬁ%ﬁmﬁﬁﬁédth@?nihﬁf@@?dt¢ﬁ¥rent exceeds the
r pp t e h 0

E5E] ePEbLAle SRASLPTLHe BERELELCBhie LOThG (BB main

sadhesimmebem@ntonpﬂnﬂﬁsﬁmtmagnetent53931h@thmguahthenmtor,

magnet, and/or that the axis of
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18hafdurebnt R ABEGEs th@sherpndr Repeat £ilae ﬁfes_%rﬁtce value,
i nvention further provides an electric dri

thppacatus] WhiEh teomsr i westha Rbtor Sf«étclﬂm@t FAgment at a
p§”88££&¥ %[%té £1m %f@%'r he%é %‘éﬁ%a%'l%ﬁ?”éo Eﬁgﬁfgtt%% &fbrent
e % fie a power "supply,;

Serres
feunr emnd ;ﬁiﬁie&CEOppﬁgrtdeﬁ&Cﬁ'ﬂol‘ﬂ:@ra | Dad sc pireeriabl ewtig: the
through the notor; a determ nation unit, for
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tEHE et 1 P61 @Gt Ok e @XE68USs Qufabﬁéﬂtlﬂ ﬁﬂﬁ&%é‘&‘uﬁ‘ﬁ%lar to that
reference value; and a control unit for controlling

Oﬁhehemmwtaﬁmn@thhﬁ@tebénﬁhﬁ maten.urn on/ of f, mhereln

when fhe deter natlg n|t det er m_nes
fr

curr ent *eXceeds APhe” © PEFRTEnce Vart lon%; % &' P8riaes

an electric drill apparatus, which comprlses.
- 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
thrqugh 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



control unit turns off the main switching elenent to

shut off the <current flow ng through the notor, and
subsequently when the determ nation unit determn nes
Wiy f1g9ok oad current decreases to 5 WO 2005P001200H/011098
PCT/ JP2004/ 011098 be smaller than the first reference
value, the control unit turns on the nmain swtching

el enent at a predetermned tine after the

determination, to supply the current fromthe power
supply to the notor. In an enbodi nent of the electric
drill apparatus of the second aspect, the apparatus
pEUi Gl rCOMBY t68SE1 At 2B BOFeAY BGue ARNBXESH@IH. unit turns
rotating the annular cutter attached to its |eadin
ognihaBin sHetehdrg @leasat it ianPacdekertingd dilfrbep by the
f . of ' f '

e T A R e e L A
mbhothi s enbodinent, it is preferable that the axis of

t he bor is_substapti al perpendicylar_to that of
the rt & FIPCHARERD! OF AL AR, QA b RERTEof the
skben@lfgelch e ldpRRRanat Bsriafert Benps£60Hd 2SRELr having
the annul ar cutter conprises cutting teeth nade of

agedEvt aadcapbr e Hibgsapnwkar o tites dovaghachdoahlis akeading
Si.t | opposi rality. f,.

SHSAR 5pe00R0F AL SRR B 0L EBL (PR erom cnac

o€l 2atotiaeidgidda&ppdr dheimotbridiel clseeandmaspecrivheg force

apparatus further conprises; a second determnation

Odnt1® fEFClet e AGO hetlRet N Y EMPELYT BN r ehit 15 Preferable

t6et adlcegh DY otrthen £ UR-be Rt ; J8HBEL O+ £2C6LHSrBe88LANLir to that
reference value smaller than the first reference

ofatlye; rawd ingl shdfeondi themotoxdi cation unit for

i ndi cating a,narmal .| oad _conditian \Méen he _second
ot erh AR IRCIE ClicPBr Hhes 940t AL bt BEFTET Of tne
56068d dWecelCeRE AhouEecondteel esmpncieseslcu@tiagdteeth made

_ olfncd;nf:e%ttleggcgrrilbiodveeE:lhggg 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 wvalue; 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
locad current exceeds the second reference wvalue. In this

‘embodiment, it is preferable that the current detector is a fixed

resistor connected in series with the motor and the main switching



condi tion when the second determ nation unit

determ nes that the |oad current exceeds the second
~reference value. In this enbodinment, it is preferable
WoR00FYH&oeur rent detector is a fixed resistoPCTI/IP2004/011098
connected in series wwth the notor and the main
switching 6 WD 2005/011904 PCT/ JP2004/ 011098 el enent

to output a voltage obtained across the resistor
correspondingly to the I oad current, and the second
determination wunit is adapted to receive the voltage
corresponding to the load current, and conpare the
crehbtnge tw tdutmsecandrglafeieenaie: a4alddagec r eos r e&pom&mtor
to the second reference val ue to determ ne wheth

CPRESFRAAIATYeR? tER AR ChREe e cBRd tF‘@f%‘?‘é?{Ejed%?H%matlon
uhRc s aahodiasiy rekeihe @Jeeﬁ?éité‘géjrcblrke_@ﬁ@ﬁﬁﬁﬁ?'stoof:he load

the second aspect, the current detector is a fixed
CHBERBE 0RNCOPOIERARR] the WaHIAsEs IR B 5 REORDIESE cAeaCRTT ML tage
t I t r
PRESFRAREE BEGHe, SRcBH M reTepS 308 03 RcahifE] fines
thbelbédsduﬁhﬂnirﬁkﬂﬂéﬂ@ﬂthﬁ%ﬂﬁbdnﬁ addptedcs ovalboel ve
the vol tage corresponding to the |l oad current, an
Compar TRETPORIEARE GFt e § 19 onE bhcBDYSTELe Of the
sCRLRESRPRBALNG HOchPLedt LRk ect &F QNG x4l M 1B or connected
determ ne whether the | oad current exceeds the first
ineserigrcerifhl tee Matcan asaerii e tehing e kanaitly ite output a
' S t gl
v%%#%g%onpr ﬁ.aggo%EQﬂugﬁ%%ggtg é?%ﬁﬁﬁﬂ%%ﬁ%ﬂ& £8'the load
cumebntl) ragldatlﬁe rfdtr sewdié cdumnigh aetiemendand as dmwmhiertg tbhesceive
first smﬁtchingpelenent in an_"on" state when
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on t%e mai n swi tching el enent when the rst

referentnyadienendeterning Whether theataad guseephexceeds the
mﬁ%cm é%elenen mhichttnns on when the first
e

ance
érmhation unit detern1nes t hat

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 dete-rmination 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 b‘eing' in the
“on” state; and a unit, responsive to the determination by the

first determination unit that the load current decreases to be



the | oad current exceeds the first reference value, to
prevent the control signal supply nmeans from

generating the "on" control signal irrespective of
We20p3/¢13204swi t chi ng el ement being in the "onPCeRUED®H011098
and a unit, responsive to the determ nation by the

first determnation unit that the |oad current

decreases to be 7 WD 2005/011904 PCT/JP2004/011098

smal ler than the first reference value after the | oad
current exceeded the first reference value, for

turning off the second swtching elenent at a
geddetechinedhd | friersaf terfetrbecdet£rug nefticon.thien 188d current
enbodi t of, the electric drill apparatus of the

SRSETa e A e ShaF AP e \DHiog B HeHLTS of § thgcsecond
SNt chhfg QRRERSIa HUHbt e §ONDIM SRS + Bfk a Pfer $hal®termination.
self-ho?d unit including a first swtching
transf3t®t , endigendi f§ the electrimiduwifilngpparatus of the

[ L N " on" n tin Ltch
TR eRret D O rin SYEF S ST Pl 8 BUSBEY B che
csupbl edn i tdomprdgesenan Whireh sttheef se5£-Isalid almingincluding
transistor. is,in the "on" state;. - phot o-trj.ac , )
% GAnaGt B BER T i APECRna T oR BAHEDrPE ddPRbagibEhing
tri@ st 6tag anednopdnCalky o @dstort eheotedi 0dey$Bed on;
that the photo-triac is turned on by ht emtted by

i
% Raopedtesin 608 @I@)ittsiniL&'gﬁﬁéWt b??a%g vﬁ‘-@@%a'eggf:btk} a current
WFEr SRk f@..r%@cgﬁ}‘_jttéﬂ’iﬁigt AR SOl (£SPONSI Ve, o

e determnation by t irs ermnation unit
phipdb-thiad cathragtednbeeneaeds galte Bhdsin rafeleeneea cathode

val ue, f.or _bypassing.a current of the photodiode to
Ogil:?%diﬁl?ﬁ h %C&gﬂgq%oualr%gﬁeﬂﬁ PEOEPALREe 199 pat the
PR be Bt Nge trARSskar oRebPNAiight! BRI L8] b Pl phdRBdode to
unit, responsive to the determ nation by the Flrst

SYEPEY MRt IGE Wik 21R&e QUREendac sererheviieeh Basbsaneistor,

rgggéf@“r@rto Eﬁgndé%%arrfr{aﬁﬁobetgg rt%réc 1¥§Jz uc?etaeirﬁﬁgla‘i:ggn unit
| o current exceede e I TSt reference val Ue, or

thatnithg 0b&dt berseconskewidschineg 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 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;



transistor at a predetermned tinme after the
determ nation. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1l is a side elevation viewillustrating an appearance
Wio aps/ahewatric drill apparatus having a | ow prOL/ik2004/011098
according to an enbodi ment of the present invention;
8 WD 2005/011904 PCT/JP2004/011098 Fig. 2 is a plan
view of the electric drill apparatus illustrated in

" Fig.1l; Fig. 3 is a cross-sectional side elevation view
of the electric drill apparatus, and Fig.4 shows a
circuit diagramof a drill notor controller in the

el ectrig. dei ik appasat vseacedr dhag clecthecptesent apparatus
i_nvention. DETAI LD DECRI PTI ON OF EMBODI MENTS Wt h
ifdpersatedt o Fﬁ"]g?s ?1-3, there will now be expl ai ned

the ekbegirgcigral broPPAUMUSHAGCRHEENG1EPa OIS view of the
enbodi nent of the present invention. As shown in Fig.

electhécetlebl} i aprhratisappadat us conprises’ a body 14

whi chy, r de : | t.or : or

for {létl o an %n%!uﬁt%r&c%ﬁ%é%alﬁooa’ftaaéﬁfé%fgﬂrﬁ% I 8&@’?”011“
mndtloé tellectallbordrlla,l aapmecthtc hatcsrdizy f b6 the present
.advanci ng and retracting the annular cutter t; and an
i8VeRttBRagnetic base 41 held on a bottom of the body

14 and containing an el ectromagnet(s) for securing

the body 14 on a steel material or the like which is
QEé"AﬁéDdDEq:R%HPIONTW @MB@WM%NTJﬁi Il apparatus al so

CONpr i, 91‘ r drjyin .

f eed rrjgﬁaanl sm 20, gﬁgga %wandl é iggover hg) m\ét ogxégglnw
take abhetipior drddilt apweftushecbodyidd tolbaenmiioidikidnti 8£ the
fixed in the body 14 such that its output shaft is

PEFFERtednvention:

As shown 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 ceontaining 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 .



hori zontally. As illustrated in Fig. 2, a power supply
swtch SWPWis disposed on the top surface of the

handl e 42. An instantaneously returning start swtch
BW003edIgt op switch SWff are al so di sposed ponJikAe1011098
top surface of the handle 42 for starting and stopping
the 9 WO 2005/011904 PCT/JP2004/011098 notor 12,
respectively. Further, indicator |anps LED 1, LED 2

are di sposed on the top surface of the handle 42 for
indicating a load current condition of the notor 12.

As will be described later in greater detail, the LED
mbioWhen, t tkdirdtARe liyndiKmaites rt hahdiédeod QashpeuL.EeNnt, i BED 2
normal, while the LED 2, when turned on i ndi cates_an .
ag¢efl B2RP9d iBhEer IR ARFFaEB RS (thonhandle i feraipdicating
al 4bag QAR E%%th'&ﬂ)mfy 8 LS SUBW A eleagtr bE B0YEEiped

conducts to the el ectromagnet 53 (Fig. 4) in the

leltectimogagaber blaseill thehR R by Wecuringed ha, elrsiogites that
rill _.apparatus.to_ a rkpiece. . The ghetjic b 4

' pparebIRFoh bt Sl WSiE shPULPRPE pen eseida on,

ip@schted &l @kd M@aldo (Lhehbosty hebdry)By:omdkihgnt he

rel ative position adjustable, after the nmagnetic base

41 i sPSedlir BESBRTE Wob KRBT TR, TRRPHRHY I9P pttch SWEW,

TRYed; £ olo eaNtehinge ofe d l%ﬁeaé‘ﬂé’é@on%?tn &'58 [®dhQ) in the

wor kpi ece. Referring to Fig. 3, the decel eration
efechannsgnd, bahecHl, i Shegrwbrctedturenuedicaneimaiputc drill
shaft _12a_of the notor 12 _and the  .arbor 1 ¢ [
HPREOEIE gERr 19 G ancT ATy i o daPg, Ao S BopEeTanly
cond i §RYed oeRns: kagustdle life.a Pheidece! wiatiiiar to the body
nechani sm_ 17 decel erates the rotation of the dril

Ittt orBY1 2alHiRP cHRY eFE52LEVS oPett biPtd S iRl o P Ehe
m gnéeééh@ésé h@l Qrsbgéc&?e%aﬁ’l a %E@bﬁ.@ge Stj,}?gtbody 14 can be

extending 1n a vertica irection, which is rotated by
m@0edf fom témet ali imar oifohhef atel amtatiteg thabt thé wdwskpiece.
ot orRe:eLJ_Zérring 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 l7c, 17d, 17e. The deceleration mechanism
17 decelerates the rotation of the drill motor 12, and converts
a rotation axis direction by 90° so that the arbor 18 has a rotating
shaft extending in a vertical direction, which is rotated by 90°
from the direction of the rotating shaft of the motor 12.

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

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

17. The intermediate rotating shaft 24 is telescopically mounted
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The arbor 18 conprises a proximal rotating shaft 22,

an internediate rotating shaft 24, a distal rotating
shaft 26, and a holding cylinder 28. The proxi nal
watmod/ngeoghaft 22 is mounted to the body 14 por/ypz004/011098
rotation about the vertical center axis and is
connected to the spur gear 17e of the deceleration
mechani sm 17. The internedi ate rotating shaft 24 i's

tel escopically nounted 10 WO 2005/011904

PCT/ JP2004/ 011098 on the proximal rotating shaft 22

by way of a spline connection, and is novable between

ANtRXANEQhaN086t 4 O d RAL S hZ%NBZ( i & ar§iraed %@nnectlon,

position (as shown in Fig.3) The internediate shaft
P 4pi gavEYLlovieivgrn wint lgxtRrded d@@ﬁi‘ﬂﬂillqibt(alpﬁinghgﬁaftand a

z%ﬁ:lraﬁtéﬁeqosalxd:]adn tIN é’rfév&” 18t %J‘teah)e“ ehded .nas td&t%:%ﬁgshaft

e 1t Targely ‘overlaps w € proxina
dhal ig22ly rvichd agxi ol tldithec b roni malt rtol‘aetﬁ_egrﬂcaiﬂd 22 in the

03|t|0n re rotate toeher wth the
o rarerBan A o (S92 R ok Lot prely

AR rilSps Rﬁ'tﬁﬁﬂ@pﬁ@ﬂcixﬁ/a BeiY €ithOsh 4 ez » BheiHE Sk 84 Pdirection
rotati ng shaft 24 by way of a spline connection, and
(3

atstp ¥ abrachet wasi tapne ashtieey asestetaied heveshowwith the
pa}'bxmlafhrbﬁ ?:'.ﬂ%héljlé/ftovﬁl aﬁ‘ﬁe Egtg? ro{:ﬁ é{egljlﬁte 26 1is

rotatin n the aX|aI irecti on an
teétasaopeda.bnsmtqu@me@asn ghewinteriedj.ats) ratathmghshaft 24 by

| | h_the internmed t at
53 PR e U Rea O ar b orndTia TP EVALS AtAEeRg “EnarFended

pd6ikSof Ot abedshegs) het whibh ihesingeripdbatel 4 abitd the
shaft 24. The hol ding cylinder 28 holds the distal

inSeERPHtR ShaFet@inot Bhall vkt i amimiald dradiddronnd a
HER8 R LT T hafll e T B oM e 1 Sgpey
overaxpal wythmoued| intesmpadatedrotiting tshaftprevent ele axial
dgragén Jigrrtl at! n% g:%/staalggclaggtl gI Isqug%i[. 262195 frlo)éggeéintégg?:her 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 is prevented from rotating by a guide cylinder
29 fixed in the body i4.

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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A needl e bearing 30 is interposed between the distal
rotating shaft 26 and hol ding cylinder 28. A | ocking

ball (locking nmenber) 26a is attached to the | eading
wiiRoefoiidee di stal rotating shaft 26 for hol deaarzbesoi109s
annul ar cutter t inserted into the |eading end of the
distal rotating shaft 26. A rotation operation sleeve
26b is al so provided for operating the |ocking bal

26a. 11 WD 2005/011904 PCT/JP2004/011098 As

illustrated in Fig. 3, the feed nechani sm 20 conpri ses

a novabl e rack 31 nounted on the outer surface of the

hol dinagi 1Cybingiesd 2% ang. ext endi fged mephnal kel 20Mddmprises
the axis of the arbor 18; a stationary_rack 32 fix%ﬂ ,
a RO HE D 3dFk14 LsPauBEcAvRly tfh@omutaﬁdsvﬁf%%? ab¥ efhgyharding
c% EndBV 3B &nd Atk Al ngnth daPhDLON W34 ndisROSED: oRetneeibor

e two racks 31, 32 in nmeshing engagenent therewth.

1¥hen stetdenkikingaobedatiigadi gr perd drovd 14t Apage@ mifitys from
of . the arbar 18 r.emnai t. t r. i t1Qn, . :
BTG, "5 AR R DER P bt e G ey T Thg  <i¥bosed
bePREat it twhi kackbe3anmd dn meshiey ¢ngsganoirat edhelppwith.
the drill notor_ 12 through, the deceleration . nec ani%ﬁl £
17 afdephBodPsthl 11DtRSTAGISRATT B2F FOTAEEr nElF st Eomen TS ©
thQt A NI 18Nalha A¢ a1 2R He di Sialcteal b Do halds 2Bowh e Fig.

operation lever 39 is nmanipul ated, thereby causing
3t h&heihni bm B4 farmrigga t edr Eid ngdopgrest dywnwaid eobhe penular

stationar ack.32 to % V. 3 .
BbGHEr e FEFAETI LY 61e RELE CSSTRE ShEophf heseosepacion
mk B £t edi Bt eafi®t ahengdisbal t r@dataindy dilsd 2Dt ainigrmediate

shaft 26 are set in an extended state to _bring the :
rgkpbing shigdto24n aRE ehddd? §PB€‘E}“%a’i5§fﬁg215hetgﬁn?ﬁe§ratl°n

t ' Rf pihgodizat 86 rotate
l%ﬂ%%?*%%ss %ﬁ%agﬁ%ﬁgg'égsgﬁggﬁ?%ggr ghmOEK%iece. A
addiadvaheediawnwardnay the pradiiodedystastk Bhdto maee whegiovable

r!agk 31 downward relative to the pinion 34. 1In 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 rotat:"Lng 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



drivingly connected to the feed nechani sm 20 through a
clutch for extending or contracting the arbor 18. In
this way, a selection can be nade as to whether or
wex2003 1wk ut ch i s di sconnected to nmanual |y OPCT/AIP2004/011098
automatically nove the annular cutter t. As

illustrated in Fig. 1, a plurality of cutting teeth

t2, each conprised of a cenented carbide tip, are

fixed at positions that oppose swarf exhaust grooves

tl, respectively. By fixing the cutting teeth t2
conprised of cenented carbide tips to the 12 WO

RR8568 14804 HCEhEP20041 H4 1085 «rCHl t 1\ ﬁﬂﬂ#tﬂahaﬂhgpeed can
annul ar cutter t, the rotational speed can
qehéP%%%%ﬁFQMWFHBBPtC%&Eﬁ%ﬂ? GHF2RHWQJQ§ftFﬁeC%ﬁﬁ%QQﬁnge This

18098 coltk-asti S bR SOMITAStul Pe AhaRRNUE %gﬁugﬁ,séd Rde1. as

of high speed steel. As a result, a cutting
ar es$&ktans eculdri e r e disioetteandn dec uedimgd speled cuwdr ngespeed

(%ﬁggga§§gge£§§§equently, an electric drill apparatus
i CA USés an ‘annul ar cutter having cenented carbide

tips,causdqndﬂviypre&eﬁnectfmﬁﬂuﬂxﬂL a@@ﬁrbﬁﬁﬁeaﬁﬁcﬁ uses an
dr|II f eed ampunt; and accordin nprove

PR PAVERE PrR e SAPPONe | SLBR1 shdd, the present

1@t Den SPe&d sitiahle f qfriuge Adchin 2aBuARPULAL Qea&fémgly
havi ng cement ed car bi de tips, and a cutting speed

iggreugd etliorughpsd witt A dmhhm eﬂpeefattuen fradetiofinddgh

speed, s are crib | ect
TgolgA é¢¥ﬂﬁ?%l§ %% |§?%%F B |s & %%b?nKSBﬂgﬁ?ﬁlcutter
hﬁa“ﬁb‘a‘:&ﬁmcswﬁbaﬁé t e, mﬂoﬁ dztimeepriedusyshle for

that it can rotate at high %feeds (for exaqg f our
USEES h AR RN W RANCRRES HIRER o P1ERaFRASS) Steeh iy described

:L%U*‘Ilic%)'t% S0l PELLAM FLOGSHEL # N &%ggfg%lagr@];%n‘?ybﬁgllshed

annul ar cutter with cemente I ps
bReKebM$hx#Muﬁdlana Faggadshwasarli-pti on will be made of

a 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 controliler 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 slectromagnet
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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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
wogoosmiidole nuneral 50 denotes an external ACPEDYN4/011098
supply, 51 a full wave rectifier circuit, and 52 an
AC/ DC converter. The full wave rectifier circuit 51
appl i es power to an el ectronagnet 53 contained in the
el ectromagneti c base 51. Wen the power swtch SWW
whi ch is connected between the external AC power
supply 50 and the AC/DC converter 52, is turned on,
chibenidldl vave: £ eLd iaf Y81 taded FWON2005681239041 AC power supply
PCT/ JP2004/ 011098 circuit 51 rectifies a voltage from
5Phén@x%1mﬂid495A€hBoV\%‘?tﬂs@mﬂ yolbgganer sipsplei-estrppagnet 53,

I t [
HhEEbRy NG LRPRIECHETF T POPRANTs %ﬁ?t%?%e?@*f object
bgbm@@netﬂmyfnagaet|ﬁhefac¢ec danyeﬁﬁbDC520¢nnyamms BBe voltage

GRS B PenA GRS SBPPLG] for o UATDIY, vajtage (for

e¥ahbse, i ehits) suppldiedid os@mqracr (Ho lwléoﬁ&fol unit for
controlling the driving of the drill notor 12. A triac

cBEREPLL D Vitge dTagind nef nthaidrdiingokPentat f or
t di_s6or |
conneg gl It R00RCEEL DAL NG A7) aiiDLOE c1R146 Lhnent fox

power upp oto-triac
conneetimgydxﬁnmmaecalggtEhetdmaaﬂnmbtandUhnxamhdeegtmrnal AC

cat hode e n t tria sto
ORGP e Tt i e rigr) PRyt 2o caeeial har s agate
tWkhbnd hanlr bRGBER fier dalifkld)Ngefnl @ad oFUEKE€Nriac BCR. A
flowing through the drill nmotor 12 and triac BCR The

rgghtbor (AirEenhhieteqislngpprréstart RO he TDnpsItiesgén series
wh ERMy o% *%%lagﬁfcagé%l}vﬁ CLEE: II%:[; p L9984 é&ér«f}{]%?}v gﬂiﬁg through

contr Clrcul an anp ler Cilrcul

thapathi ngeatiodrc divt and, tabaovegr.oad determ nation

cir CU'II.‘I“Ee Zgntggl %%tl%?a&ﬂfchsg_gpa{prpell%rdl u\\rlftls.:%?ate DCli voltage from
the AC/DC converter 52, comprises an ON/OFF control cirecuit 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 veltage to the smoothing
circult 73. The amplifier circuit 72 has a small output impedance

(substantially, =zero), and can rapidly discharge a charge

accumulated in a capacitor €73 included in the smoothing circuit
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circuit 75, and a load condition indication circuit

76. The OV OFF control circuit 71 outputs a contro

signal for turning the triac BCR on/off in response

wo moyEmopul ati on on the starter sw tch SVWWONeoOr/JH2b@1/011098
stopper switch SWOFF, or in response to the output of
the automatic stop/ re-drive control circuit 75. The
anplifier circuit 72 anplifies a voltage across the

regi stor RO, and outputs the resulting voltage to the
snmoothing circuit 73. The anplifier circuit 72 has a
smal | out put inpedance (substantially, zero), and can

TSa@hQBM?ﬁ“aS(Hé_%ﬁ%Qo@ ghargen aeUILLALSL A LAPRCHEQE stox
C73 included in the snmoothing circuit 14 WO o
RModsLd321904 PEHR)PRUSA, 0 THeo@mpY3Lipr otgicw i €9 brera gain

égﬁ%lw@gno£ fgﬂgﬂg%elqcross the resistor RO falls to
a zero level. The anplifier circuit 72 has a gain

equal The arenioved thbardindtherovérkboat tetdrtrmahiesnwhether

circyit_ 74 deternjnes ether or _not an outp VL1 of
et 1 1o to% atesc sttt SRk eaar 2 prodias 3
prefrebaple 3 trager¥het! vénrdgidgasmhetfejudfe MlethkReor not
drill nmotor 12 is operating in such a heavil
Ofefraddetotennt? t ivnoRHiAtIing ey wehdamhgadllyheverloaded

) j C R endr Lye | circuit 75 controls
d?hggﬁgé?ot—%igont r?ngg igl}ér%{%lﬂ?&ﬁ with its output to
aut ongle eatbyasioptods tetdigiwf cofreral ciicubt 36 déhitwhas the

utpyt VL1 of the over|oad deternination circuit
I8 R i inad 5 Fatt) TV UL bat s GHIPRFOH (OOMFdrE oY stop
d¥liking as¥dragtommti fetdy 1ewBeh Wes bhepdk Wil W dderiocad
after a predetermined tinme period fromthe time at
ARMPERLRAEI QN FYFAGLt df kbl aitias| a keevy overilgad condition (or

BT bl ARt ooy R4 SO I ERLARD asces
aopredetsmmoiotehi mgmei pevléd Fr @k c@edBime 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 circult 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
exaxﬁple, 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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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
wovmeesiiiiban t he reference voltage Vrefl in thecT/r2004/011098
over|l oad determ nation circuit 74, is set so as to

invert the output of a conparator OP76 when the dril
notor 12 is lightly overloaded and will not be

damaged. The LED1 (for exanple, blue) is turned on in

a nornmal load condition, while the LED2 for exanple,
red) is turned on in alightly or nore overl oad

thangdtiian: dnstaaswoh die d ERR pbior LERS JIMBYWB® remains in
provided to indicate |light and heavy overl oad

agoreh't s6A5¢ aethre thh@e@yntwl vhet disr epptied wddbca iDesupply

BRSs An D R a0 . S ORI OB et

Qf Gveeit tthéhFB\ABﬂtrehmmmm 71aﬂ1 wnfrah ahe 1/ habnverter

A0 Bl M40 P S, BB 2k s

otnansi skotursdd &f. t e QVAmieonkr elireéheUiiond thAWh a
fromthe AC/ DC converter 52 through the starter

PEREPTRISIONEHZ Hbr Bpy tEADS ORg & HehatcawsilavoPH2OVT tdhilsd is
S r f t

oBRAPEEL ep iR kB Shb, poEAIERNe MR, | BhOPER fromming a

smhfeholdungnumnmahtyfonupm@dtianaﬂ@eophgvb dlode PH21N,

t here formn holdln circuit for

trans’?%tt&’a éﬁgsi\%“-%&?‘r arsFerBrd P i%s CPEFﬁEE Bhso gt lows

taubhent al sRodd-Aivde heguah 2opheteedi ade SN with the
connected In series with the transistor Q7l, causing

t@aphsdt et G7de PMIOUT whibatestoptd SHLPYT viugsl eé @Btlcally

HLJ. rn Yok ur
: ckﬁglggqgktg%%ﬁ?tﬁ 5& poﬁgfiigbpﬁgt%%nfg conne egrPlngcm
thhetxlidd [BCRpotioe AL powrekesdspMerso AS eonresitdd to the drill
rotatjon of the drill notor 12 is conveyed through

g
MPRET r et P GeH mBchant $T 4 £8teReCArdothe 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.1) to drive the feed mechanism 20, the annular cutter
t is moved, while it is rotating, toward an object to form a bére
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 overlead
determination circuit 74 is set to be higher than the output

veoltage VL1 of the smoothing circuit 73 in a normal condition in
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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.1l) to drive the feed

weceaMiisaw 20, the annul ar cutter t is noved, pedi2e04/01098

is rotating, toward an object to forma bore

theret hrough. A load current flow ng through the dril

notor 12 is detected when a voltage drops across the

current detection resistor RO. A voltage proportiona

to the load current is then anplified by the

anplifier circuit 72 and supplied to the snoothing

whiicbuithe #3:.118i meadrhe 7 ef er sogeoveliegir efhe ObokPerator

over|load determmnation circuit 74 is set to be higher

‘CRERAThROBUL PUPLTHPEagBEVE L 98 i SWeBleR%gdetpEmipation

ch3cufta 7A0T B G RNAL t 1 9 | 6 19

Bk S TR piand LAoR 1aveld, [PnéllPobe O the nomal

copeitdbaded loHevebmpag disochatoperat tbaatapaplidi €76 of the
r j nat i on ircuit .74 .outputs

Pl o SEPo PHE LR, EBhELT] REELEN 28) By Ao feent

ofowtvehs agieort 876 himegathtod 1 bhandapagidforeFdningd e an “off”

%u%onatic stop/re-drive control circuit 75, so that a

®585& current of a transistor Q75 does not flow and

therefOr@iEeBUNS kAn8R a3 Qlikrentl@@inliBub SeRHA €nto the

since a current continuously flows into the

PBRBP oI HYdRI PHRHY| REothe HAY/QYFORPntonmt ralragiitte dilt tHtough the

t ' r.Qr1 hot o-.t ri ac PHLQUT
CEEharR) Wk ORISR Y Ol i PR e scate,
therelcy BERtia tiegaichei trfdic "BOR' tot abRaidhen ref eraicetate.
voltage Vref2 set in the load condition indjication
ci rcuit® AT RCGheURES elousslit ML 1the topd condition
1800EAPIAY &ir&iid 78 18 hhenoer prL, condi BkegutS&’f;&h%)tf the
the output of the conparafor (operationa nplifier
soP7Ehing girpibgh T3vdel the normal condition, so that the output

of the comparator (operational amplifier) OP76 is at high level.
Therefore, a transistor Q761 and thus the LEDL are turned on, while
a transistor 0762 and thus the LED2 are turned off. From the lit

LED1 and unlit LED2, the operator can recognize that the drill

- motor 12 is in the normal condition.

On the other hand, when the drill motor 12 is overloaded,
the load current is caused to increase, causing the voltage across
the current detection resistor RO to increase, and thereby causing
an increase in the output VLl 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 a2 low level. This causes
the transistor Q761 to turn off and the transistor Q762 to turn
on, so that the LEDl is turned off and the LED2 is turned on. From
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Therefore, a transistor Q761 and thus the LED1 are
turned on, while a transistor Q762 and thus the LED2
are turned off. Fromthe |it LEDl and unlit LED2, the

vgeoe/onsogan recogni ze that the drill notor BRCT/AIER004M11098
the normal condition. On the other hand, when the
drill notor 12 is overloaded, the load current is

caused to increase, causing the voltage across the
current detection resistor RO o increase, and thereby
causing an increase in the output VL1 of the
snmoothing circuit 73. As the output VL1 increases to

thieeut Bt 18D eand | 1iagex M efthcObpédheod 0ad gonshiimthat the
indication circuit 76, the qutput of the conparator

dgps Feamsitd ds i bRy Weg‘r%olaéiﬁér A £ hegpépre adjust
alBbScEausssied o tthanébéwt:.&?%vteg %@F}nagff:eﬁﬁ‘ijréd"e

transistor Q762 to turn on, so that the LEDL
t ur nets othe adyilhenptEpp g ﬂﬁrﬁ@dfbﬁr Riogded]l ZAN@ heavily

oﬁggég%%g%%ndg{/ ggzi%o%g&% dg:p_?}]a oltlﬁtqr 'IEER‘I;[ FL% | II%aged,

oper at or can ef m ne
th2 ostbughVLy o¥erheadmdothiwy catrdiner efDr enathdrsds i@ the

rce plied to th eration |ever 39, as required
eF‘F\’éC% YO F2ABt 0T 2°1PsthfeuPYTnJéJr°%§8E8r%n%tJrfélh\%lWUlt 74

OQVﬁﬁ.bQ@ﬂed 20RGI L @RmEN Wi Chortie Ak bpmat 8F LRe NBYerload
be damaged, the output VL1 of the snoothing circuit

d e Rt cL 5C e 7 4rasftndnce hightlayelwhki¢h sibshantially

ﬁgg&lx@%ge Coﬁ{)girmgj?%éso?ﬁ%f g#\'c&to% C'/Q:)I FH&: Iﬁ]c?trl a cﬁo&eh l12)55 and

t'he over
adetetstonat RS cllauing 24 ssatlputresashagbe) evel thbi shtomatic

sub tantially instantaneously charges the capacitor
BT FRTITE 1o A T 1 dBEe Ry SECHR g o Low

tﬁ%{uﬁh r£5e313Rre8) rY §2 tARy AWORREE Com SUYY 18- qabvgransz.stor
control circuit 75, causing a current to flow through

QaSr edisstbe R7HZsiaticbnt RESbhisenewiny t @rcwfratie floansy stiorough
t%izho’%h% tdl}. rm%§ggrthg7&}&p%oggrof c%_lilrrcqi?.@tTI li%V\élrggqted
to consequently turn off the photo-triac PHIOUT. 2As 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 he photo-di ode PH1IN 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

MOs20pE1d04g current or less, it is turned of PCT/aP28émit11098

off the current to the drill nmotor 12. Wen a heavily

over| oaded condition causes the automatic

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

BCR, the voltage drop in the current detection

resi stor RO decreases to zero to reduce the output

VL1 of the snobothing circuit 73, so that the output
diodcireyec ofmarcaner a P/ dadus iner By &rlapad sd6t 379 Bati @ ofr.

circuit 74 transitions froma high level to a | ow

| evel’? Ad11E SVESGKt SiPFet Kéea fP¢dRPpFiECEE § vEor the
tféHHﬂéﬂoﬂ”d?T“ﬂs.@%if&h%br%%ﬁeb&ugﬁﬁﬁtIQ&OLBQOde PH2IN and

transi stor Q75 only conprises a |scﬁ3rge current
Piotymusie vc afiiUTor 11€7 3 hehr OWYIFE heonbsobt el rRE52. 71, the

, h as rrent disappears aft a time period

e etegérsr%%fe?ﬁy et 008 S BB poTT hEBE AT b1 o6 the
tihrscilaiogeQ? b i reGnsf At £t edAESH Agdd rertimaas t $8 i d erom

turn off. In this event, since the self-holdkgg _ _
B oS iornt RE thPaREFBEDr fEIM Tl seY9Ylgast medeppippEion
Dhalie- dis0de BRREN, &Nty a fhatiRdsel Y SHATH L L8 oae
cO\V é:F control circul 2 71, thg ?%{Emsi st or %71 rgr?gi ﬁglm
thypugbn'thet frans Ieor{Dile, caiennthehe t plarisi-St1dmcQPELOUT to

r.n f after a ed ram ned.ti riod from the . .

B e T N i T
wagt &hri dai i Dmoteiy Qi s 7dgaih @dveedt 8gaidtddOWha BhAular

the photo-diode PHLIN through the transistor Qrl,

¢ i nb* t heBhot'dSCPREES PHEGST €8nseRfth nofurheon aahgnatic
stdFRUalh Yot BoniFd G BER1£075UED 8fbféfhﬂﬂg o W& sebheror
drill nmotor 12 1s again powered to rotate the annul af

exanrter @PPQWKimﬁﬁﬁanigeatﬁan@ecoﬁsﬁaﬁntooﬁ.EheeemmdmmatEt is
thzeté:?e%/o;rg; dELYE, FONT Ol GhEEYLL 1D LSBT erable 1o, bey 11
motor’IZ 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 LED1 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 accocrding
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exanpl e, approximately in a range of 0.3 to 0.5
seconds. It is therefore possible to automatically
resunme powering the drill notor 12 in a short tine
B 2epsAatw4dril | notor 12 is overl oaded and aPCTHIem011098
flowi ng therethrough is automatically shut off. Al so,
since the output VL1 of the snoothing circuit 73
decreases at the time the drill notor 12 is rel eased
fromthe overloaded condition, the output of the
conparator OP76 in the |oad condition indication
circuit 76 transitions fromlow level to high |evel,
ts@hbhadeddie Lib¥ntisod banatdraide tihg t&Pstidhce because
turned off. In this way, the operator can know w thout
Lt STPLPKARY AREURT UERBERAVENG CoRents2atbitFokt pheLxed to

tHVELE OANLda6onGiclie0”, AMa AR Aher & BL. r%%rtét&é Bénular
operation | ever 39 to again nove down the annul ar

cufifereptt high Frendid.nght e Heoruddy i bhe ofoldl homy vbegaghonal

r| bed above, the electric drill
ben%%alr%ka%]t Bgh et gia‘:% 19 WO 2005/ 011904

PCT | 12200034098 r 4td onhiee i 51693 di Byesdd beteaanratunetor
a cutting resistance because it enploys an annul ar

aXGLRFRPT 1P G EEEREACHR BIBLOYIHAoH| Skt LR the result

£ Ewaeeggsra@fa@ﬁéchmnacgatsy r¥Mi Iy 5@%&%@&@1& Be¢ze.
annul ar cutter at high speeds. As a result,

fol | 6 ngThperdetonit dbbhlef apmATAtTshecaat th n%@pul(ea-) to a
wolBdegey BLAL! ap, FEEhan. Smcdy éﬁofexdc eLeeelad N6 MRbheric

of - car esighed to e { Pow or qu€,
badee wrsdh tconiprakebhe zdﬁ@ejwéayl Danrqmezlapabsﬂy&&m b&ight of
reduced jn WBI ht and size. (b) The electric dril]
thﬁpﬁé?‘é?’&%c 1D PRREIFTEF t 627 PNSPRPFIE S FL RS #nd welght,
tl’ﬁ%iﬁ{l ﬁtctaﬁ%ﬁy'éa?ltfﬂﬁﬁgmnéQ;oté@écﬂl@@l mgﬂ@ﬂecov@@a?ﬁ sn.ze

‘ conpriseS a relative | arge capacity and wei ght
an@if weu-lqbtebéc’rme ml@rqthrhcagpalhtmawsbe reduced in

S| ZeAgndlY\f lge 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 conditlon, so that the operator
can readlily 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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thus significantly contributing to a reduction in the
overall size and weight of the electric dril
apparatus. As will be appreciated fromthe foregoing, .
W20p¥HIWAt i nvention can stably secure the PCEHER2004011098
drill apparatus to a workpiece, while achieving an
overall reduction in size and weight of the
apparatus. Al so, since the autonmatic notor
stopping/re-driving means can automatically shut off
a current to the notor in the event of overl oading,
and ‘automatically re-drive the notor at a

ampaeﬁetmr rickeddihge tbheheafdrekengniaperatiot 08&ediABkease a

erate a switch for re-driving the notor, thus
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by %s@oéfmdﬂey cbRefE IA68H1dRNE 1 9Pkl cSahdent PERE R DS the
the condition, so that the operator can readily know
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smwwad%érpeadﬂlﬂzam/m1aeseaa¢xpaeaﬁus:maamhm¢ Rotor
t he present 1nvent|on can increase a rotational spee
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edge, the drill notor is capable of rotating at high
fxgve dgd nat Heredsd errabitiokgn dneoperasteorloadinger ease a

feed;a Though th b ect t
over f'“oa ] %téle ¥ #@lcn%gﬁggégp?gg%us ?ﬁgégcg%n%t | %‘?’r&resent
irsteappionghs €- mkanudmscﬁﬁa@a PLIY ix@gd rence hieo edmee tehib@diment,

drill _apparatus is able to prevent the drill notor

1500 1dnkel 2PEReto FREAR bRy afakigEle o Thridieh adyeriety
of GoBY L LR anWb i Eedhier RIRCELE Codilae PP AliYSention.

according to the present invention has been described
wi t hFpefexegipde , t bhomendrbddémonit illustrated in Fig. 4 can

be applied to any electric drill apparatus including a vertically
arraﬁged 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. Alsoc, instead of the
current detection resistor RO connected in series with the drill
motoxr 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 circult in the autoﬁatic 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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it wll be apparent to those skilled in the art that a
variety of nodifications and alternations can be nade
to the invention. For exanple, the control circuit
MO 08YNa0ed in Fig. 4 can be applied to any PCEIH20040011098
drill apparatus including a vertically arranged type,
simlar to the lower profile type electric drill
apparatus shown in Fig. 1-3. Further, in the contro
circuit, instead of the photo-coupler, an alternative
el ectronic switch neans or nechanical relay neans nay
be enpl oyed. Also, instead of the current detection
aﬁﬂ&@&ﬁoinﬁkaﬁnﬂﬁdﬂﬁdt&ﬁaﬁerieS mﬁth the drill notor
2, a current .transfornmer may be Xed for

b
det elbi Hy SReChbr FeftP RTHRARGH ?ﬁ@ndre.lﬁp fbe girifd according
td neieagrOferdttheifivi R BCRavd® POOL 05E8LAYLQ, @it is to be
nmechani cal relay may be enployed. Any tine neasuring
unfegRs osddmagstze pavsat sondsarotmhymbecd byl oyedfi st datlails
h I onst t { ti
A
lrmenltllonnits)ltolﬁe ey steuetingpt i vt ettt in d'tBCspbt D ,analnﬁlcope
transi stor or FET may be 21 WO 2005/011904 :
a5t I PBOM GHRDSF oBRBPE LS F1stBad of the (11 ac.
Wi |l e specific enbodi nents of an electric dril
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 as set out in the acconpanying
claims. 22 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
cutter coaxial with said axis, the annular cutter
having a plurality of teeth made of cenented carbide
tips fixed toits I|ower end to enable the annul ar
cutter to effect cutting at a high rotational speed;
a speed reduction nechaniciiamisposed between the notor
and the arbor for transmtting a driving force of the
notor to the annular cutter through the arbor; a feed

1 nechani efecespansdyEll o appacpenat i loavidg aanalwial profile,
oper.at.ion lever, for noving the arbor along its axis

CPPARARe or retract the annular cutter attached to
t he aardoady ;r el ati ve to a morkpiece an adhesi on base
hel d on .a bottom o & or securing the

el e M MUH e wor kpi ece; the notor
bei o capal élaﬁiflnrgOhat angst@ﬁdama@wdcw tteyld ah annular

i.gh speed U|t le f.or effecting a ed cutti.n
e R RSkt GRS RE CoERrodaving a
ploariiidsy thpseethenaai@ s fotehdetad kt&.tr]:&)deﬁiﬁdpﬁgfizﬂe@ to its

T TN e

a Dodr rtdtattliex&ae@j:ereeﬁucu on nmechanism and an
aut omati c m)t ng/re;driyin anlsmV\,h
comp Foeed Eetue SR PERRAGL 8 HLARo ot A e motor
ans'EIthe:Sabbb\nEfbr tbanmﬁiﬁtlﬂ@da adponaig stgle/ ofa the motor
e I IE LRl O (HeLeSH! Rg A lpad current
a feed mechanism responsive to an operation of a manual
operation lever, for moving the érbor along its axis to advance
or retract the annular cutter attached to the arbor relative
to a workpiece;
an adhesion base held on a bottom of the body for securing
the electric drill apparatus to the workpiece;
the motor being capable of rotating the annular cutter
at a high speed suitable for effecting a high speed cutting
operation by the annular cutter with the cemented carbide tips;
the axis of the arbor extending in a direction different
from that of a rotating shaft of the motor which transmits a
driving force of the motor to the speed reduction mechanism;
and |
an automatic motor stopping/re-driving mechanism which
comprises:
amain switching element connected in series between
the motor and a power supply;
a current detector for detecting a load current

flowing through the motor:;
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flowi ng through the notor; 23 a determnation unit for
determ ning whether the |oad 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 determnation unit determnes that the |oad
current eao@exbxminaﬁidﬁnuﬂﬁﬁeﬂuanﬂéteﬁmlmﬁngtmhether the

[ hi I
R EOBFP A ash o TS Fhik A TS B S o aP SR EL st
4 meferrdrive deflely aakl on unit determ nes

pthtth I I ] t ha
a e load current decreases mal | er n
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elldermito $wuirhc b'nmgfel, emai—eilatwkaerprt&@h Rﬁt@rﬂﬁ@ha‘tlﬁﬂiﬁ unit
ter. the determination, to su current from
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vaapmr ahleswﬁcebzdi e ¢ G i BEE, tmeaﬁﬁxn svilft%hadl@eéﬂément
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suIHE@cﬁ%!rﬁ:l@f whbe ahdQleticirathstiant Lak I:m@ﬂm&c&@ lﬂ:'h@.rt the
shaft. of e notor

tq that of _the rotatin
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annul cutter _attached to its |eadi ng end about the
ati i%%at&mlﬁﬁéq hige afiterc e ishs LofY ofe P Lot the

cuareatatfirag $haf boakrt BeppdiOto the Motgkectric drill
apparatus according to Claim4, wherein the axis of

the arbor is substantially perpendicular to that of

.t he anoé Bé ¢ gl & ldafitt 10dprhdnes 1 8bcodiAg t&) €Chiha ,Ohblein

atus according to Claim1, further
thepg&f:lesgon ase conprises a magnetgc base having a magnet.

3. 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.

4. An electric drill apparatus according to Claim 1, 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.

5. An electric drill apparatus according to Claim 4, wherein
the axis of the arbor is substantially perpendicular to that

of the rotating shaft of the motor.

6. An electricdrill apparatus according to Claim 1, further
comprising: _
a second determination unit for deteminihg whether the

load current detected by the current detector exceeds a second
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conprising: a second determ nation unit for
determ ning whether the |oad current detected by the
current detector exceeds a second 24 reference val ue
smaller than the first reference value; and a | oad
condition indication unit for indicating a normal |oad
condi ti on when the second determ nati on unit

refarariag el uchsmatilier! thdncohe efit rsio esefimtersnac ead uehe and

f [, d

condr 2088 CORIPELAR il coRN0rl 0] £ B S nBRBYPhG WP hormar
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St 098 ¢ RS T FPaL! L COrres on
theursesnind ared drfemda waﬂuﬁetern1nat|on nmeans i s adapted
to receive the voltage corresponding to the | oad
current, and conpare the voltage with a first
7 reféueateCVDitagﬁjdoappap®UW$a@cbmdﬁhg1xﬁbﬂaﬁm1. wherein

f t t he. | oad .
o ST TS i et e ece A AraE" 5ooARtRFetpRTEoEed in
s eghiiels] wapbathéusotam:camﬁ mgmgs@LiaCMﬂg aheneai in tot batput a
fixed i st
vof YR LGS Bt Al R RS SL CMR A o 10
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| oad _current

cor ndi.ng.1t0 the $ S
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first reference value to determine whether the load current

exceeds the first reference value.

8. An electric drill apparatus according to Claim 1, 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
locad current, and

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

exceeds the second reference value.

9, An electricdrill apparatus according toClaiml, wherein
the control unit comprises:

an "on" state self hold unit including a first switchihg
element, for holding the first switchiné element in an "on"

state when a starting switch is turned on;
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second reference value to determ ne whether the | oad
current exceeds the second reference value. 9. An

el ectric drill apparatus according to Claim1, wherein
the control unit conprises: an "on" state self hold

unit including a first swtching elenent, for holding
the first swwtching elenent in an "on" state when a

st ard cagtsul tsdlyniad swswed uadr 2 aupebiied asi gnat control

. I it f.or | ving an ."on" contr ol i gnal, far
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including a first switching transistor, for holding
the first switching transistor in an "on" state when

108 star &l8grsind et llsappdinetuoaccarghayad 0Ugihd, wherein
o LN B benng supeliod with o cur pent Whe ;.
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
 photodiode to supply the triac with a gate current;
a second switching transistor, responsive to the
- determination by the first determination unit that the load
current exceeds the first reference value, for bypassing a
current of the photodicode 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
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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 photodiode to supply the
triac wwth a gate current; a second swtching
transistor, responsive to the determ nation by the
sHfd ¥lstr débieer thaaf o9t urifierehae vabué gattercuheehtad current
ref er enc for S
SRR B SR Tl S Trgu P TR ShioPaflissrema
swWirr@sipert tvensﬁsttbe fat st sméd@teugnimaﬁmtsﬁrm héteg the
[ 0 state; and a unit, responsive to the
déﬁ%@%anta (?on by the first determination unit that
the |l oad current decreases to be 26 smaller than the
first reference value after the |l oad current exceeded
the first reference value, for turning off the second
switching transistor at a predeterm ned tine after t he
determ nation. 27
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