DESCRI PTI ON ELECTRI C DRI LL APPARATUS BACKGROUND OF THE
I NVENTI ON The present invention relates
generally to an electric drill apparatus, and nore
particularly to an electric drill apparatus having a

| ow profile and adapted to automatically re-drive a
drill notor when rotation of the drill notor is
stopped in the event of overl oadi ng. Nowadays,
in carrying out new construction, repairs and the |ike
of a variety of buildi mEscri®TsoNon, there exists a

need for drilling workpi eces conprising structura
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{ﬂﬁg |ons at whi ch the workpi eces
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to tmRNsSPesdnistiiaheaniohartltite stfdid raafipat ataisel Octric drill
wor kpi ece assenbly places. In addition, a drilling
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workpiece assembly places. In addition, a drilling operation
-must be often performed in a relatively narrow space at or near
apositionat which a structural material or workpiece is attached.
Thus, to enable easy transportation and operation in narxrow
operating spaces, a reduction in size and weight is required for
such electric drill apparatuses.

A conventional electricdrill apparatus typically comprises
a motor, an arbor supporting and moving a cutter for cutting in
a vertical direction by way of a slide mechanism, and a
transmission mechanism for transmitting power of the drill motor
to the arbor to rotate the cutter, which are arranged in a vertical
direction or in a direction of movement of the arbor. Such
vertically-arranged electric drill apparatuses are generally

large in size, and can thus be only used in limited operation areas



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 a drill notor. Such a low profile type
electric drill apparatus is reduced in overall |ength
as conpared with the vertically-arranged type, and its
conpact size increases its portability. In
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electromagneticbase is able toexert onlyasmall 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
deseribed in the Japanese O0Official 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



SUMVARY OF THE | NVENTI ON The present invention
has been nmade in view of the foregoing problems
experienced in the prior art electric drill _
appar at uses exenplified above. It is an object
of the present invention to provide a low profile type
electric drill apparatus having a reduced size and
wei ght . It is another object of the present
invention to provide a low profile type electric dril
wor kpi ece. It is a further object o

drpy et | hveelidnwhen poderdevanlebacdee€rdli lfurther, there

ichis., ble of automatically re-driving
ex29§%{%§L§%#%%£% gigﬁgggﬁPffagFBpB?ﬁb?%fatﬁRQQRﬁQﬂ whegeby a
motor ¥ ofe-aiteitadrtard 1 Whhgh | aaLﬁJ.JHlQIteicallyl Stopped due

configuration to inprove operability. _ _
toymetex retrrlatsiect of the present i nvention to provide
an electric drill apparatus which is capable of

recogni zi ng both a normal and overl oad work condition

SUMMARY ot OFHE INVEN@E@NaChieve_the above obj ects, the
present invention provides, in a first aspect, an

el ed¥s present imysatdonshdmbierg madoWnprad be, twhirekegoing
préﬁﬁgﬁg %%%érienced in the prior art electric drill apparatuses
| exemplified above.

It is an object of the present invention to provide a low
profile type electric drill apparatus having a reduced size and
weight.

Tt 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 1s capable of
recognizing both a normal and overload work condition of a motor.

Toachievetheaboveobjects,thepresentinventionprovides,
in a first aspect, an electricdrill apparatus having a low profile,
which comprises:

a body;



a body; a notor nmounted on the body; an ar bor
having an axis and adapted to hold an annular cutter
coaxial with said axis, the annutar cutter having a
plurality of teeth nmade of cenented carbide tips fixed
toits lower end to enable the annular 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

Mot O rhedk SN AN o £ Wi Jd;ough the ar bor;
a feed nechani smresponsive t0 an operation of a

agperdia ving enerxid and auupngdithenanboin ah8idattitter
ranuR B ract the annul ar cutter attached

co?%i%%tehﬁat?‘gégqr gﬁgiﬁis‘r/gctl}eoagn%ﬁﬁp@gc@r AFFing a plurality of
teethmade of cemented carbide tips fixed to its lower end to enable
the annular cutter to effect cutting at a high rotational speed;

a speed reduction mechanism disposed between the motor and
the arbor for transmitting a driving force of the motor to the
annular cutter through the arbor;

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

an adhesion base 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



an adhesi on base for securing the electric drill

apparatus to the workpi ece; t he notor being

capabl e of rotating the annular cutter at a high speed

suitable for effecting a high speed cutting operation

by the annular cutter with the cenented carbide tips;

the axis of the arbor extending in a direction

different fromthat of a rotating shaft of the notor

which transmts the driving force of the notor to the
thepegdnr edethan iRm embodi ment  of

the electric drigr?ltaé%{%ﬁattl?s,t%%ne %Igé%f%t u‘éqg?ﬁ?i’ﬁewgen the
degonptiatommrddt deseranimbothst appi Nghlecdfb¥hPlkxceeds the
figgghani smwhich conprises: amain sw tching el ement
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adhesi on base conpri ses a nmagnetic base

an replgredtricanid/ion tipalarbhesaxibioh thepalHes; i s
substantially perpendicular to that of the rotating
shaft "8EOFh&CRpEsrating an| annulae onek espect , t he
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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 wvalue, the
control unit turns off the main switching element to shut off the

current flowing through the motor, and subsequently when the

determination unit determines that the load current decreases to



a motor for rotating an annular cutter; a main
switching el ement connected in series between the

not or and a  power supply; a current detector
for detecting a |oad current flowi ng through the
not or ; a determnation unit for determ ning

whet her the |oad current detected by the current
detector exceeds a first predetermned reference
val ue; and a control unit for controlling the

be M 18W tighh RGhekerBRtrd @ AdHdR ORI QL] ’tH@%BﬁthSMt turns
the determnation unit determ nes that the

on cilrg @ﬁltlneﬁk!é‘ééhltlﬁeelﬂém@mt redéf er pnedevatrménet helmoft@dr the
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that the | oad current decreases to be smaller than
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end about the axis extending in a direction different from that
of a rotating shaft of the motor which transmits a driving force
of the motor to the arbor. In this embodiment, it is preferable
that the axis of the arbor is substantially perpendicular to that
of the rotating shaft of the motor.

In an embodiment of the electric drill apparatus 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



In an enbodi nent of the electric drill apparatus of

t he second aspect, the apparatus further conprises: an

arbor having an axis and rotating the annular cutter

attached to its | eading end about the axis extending

in a direction different fromthat of a rotating shaft

of the notor which transmts a driving force of the

notor to the arbor. In this enbodinent, it is

preferable that the axis of the arbor is substantially
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supply nmeans from generati n& the "on" control signal
irrespective of the first switching el enment being in
the "on" 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 value after the | oad
current exceeded the first reference value, for
turning off the second switching elenment at a
predeterm ned tine after the determ nation. In
an enbodi ment of the electric drill -apparatus of the
second aspect, the main switching elenent is a triac,
and the control unit conprises: an "on" state
self-hold unit including a first sw tching transistor,
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Fig. 1 is.a side elevation vi eW|IIustrat|ng an
Supa%%é%’f*%ﬁééa&fmaw aloater Fereent 4 aeqma;rmi mlt@w.m@ taahewstor,
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thag] ethe | Toalt | d:lhrjaémar@i@@edié | st r gt pgh i Pefé_geﬂ-ce 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 referen-ce value after the load current exceeded

the first reference value, for turning off the second switching

transistor at a predetermined time after the determination.

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

an embodiment of the present invention;



Fig. 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
electric drill apparatus according to the present

i nvention. DETAI LD DECRI PTI ON OF EMBODI MENTS

Wth reference to Figs. .1-3, there will now be
expl ai ned the electric drill apparatus according to
one enbodi nent of the present invention. As

showign i gs b pike e}RGiré€ €hé| L18PPREATIUSi1] apparatus
_.conprises a body 14 which is provided with a drill
ilhpeorated &m Brdbor: 18 for rotating an annul ar cutter t

att d on, ower end of.the arbor 18; a feed |,
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eletittee driBnthmdhelted,r grgneti c base 41 held on a

bottom of the body 14 and containing an
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: [ e |l lch is to be drilled, Th
lngﬁgg{r?%egﬁfﬁp é%%gﬁa?%§P%F%§”8cwﬁﬁ?° oy nﬁﬁuafhe present
inopetadh on | ever 39 for driving the feed nmechani 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

" t | tput hScOr i ented horizontally.
D.§%?§?|%E§§%ﬁgﬁﬂfﬁﬂﬁﬁb_ ) gﬁggmer supply switch SWPW
i s diisposedearernidee tbopighl f ace, ofnd e fandiwtde Akplained

instantaneouslﬁ returning start switch SWn and stop
the Gt EVip P i e2BP3FR Bl & FARAF UG e 0bp @vddizeedf of the

préggh{“HHUéhE%%Jf” starting and stopping the

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 botton
of the body 14 and containing an electromagnet(s) Ffor 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



notor 12, respectively. Further, indicator |anps LED

1, LED 2 are disposed 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 1, when turned on, indicates that the

| oad current is normal, while the LED 2, when turned

on, indicates an overload (light or heavy) condition.
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41 is secured on a workpiece, the body 14 can be noved
th?o%o%%n@%rrﬁgtoiStheraﬁhuluhlb@ttbe DLED02t hehen turned on,
C rr| g to Fi e.decel eration
ln&P& é%?é%?iﬁveﬁ&ﬁa gnﬁ%staggétﬁsaﬂ T5h%But put
shafPts 12a GﬁetBEOﬁD‘tQEnéz AN HN RO sdply switch SWPW,
conpri sesabevel gear17a, a planetary gear decel erator
elq@rwuamvsq@pog@apgsw@ the ¢ lerteontigoedebdl ¢Fagi ohl in the

ecel rotation o
s B e R i LS SIS
ap]‘,Sé)rat‘thﬁ 'lichea ahbekp 18:as The aladhicRdcshakk it Ei%d';ﬁng'e@ably
a vertical dlrectlon which is rotated by 90 fromt
CO%P?#%#@%rt%fbet @@Jmttébnlﬁglshafmoaiticwe Teotagri vk to the body

14 I PR M BRI ARG VB R Do b G fhger ene

ma@rlf@tfic 3559.59?10131 élsh@e@hlﬁiﬁdcbﬁh' th%r}zlggleg@e ﬂ?{@)ﬂd@ 14 can be
rotating shaft 22 is nounted to the d 14 f

noyed At rrad@itinthefy dhe eanudenmt entagrstand tlse workpiece.

con .t 0 spur, g e decel eration
rochEnetniy HREEP e il afteThraliag Teufithat iy, whicn
is t(ﬁirﬁ%t@dcﬁle't}(reﬂﬁuﬁ ehtpu@Nshhe: P OX i@k ne0hat bR% 2 and the
shaft 22 by way of a spline connection, and is novable
arhpt Weercaip whaamadee ysdsges o T@Enod pslh@\mt)ara'n@ear decelerator

etracted positio in F
17 ELERE LS B SS NML Thk FeTieagp mechanton
17 e Iila tell @hkengoshefén 27 ivhe H@l@?ﬁ' RbtGLrest iopy %anerts
the extended position, while it largely overl’aps wit

a rpfatpeodxts diveatiog byt t sz Hat the aaioad 18lihaecd lt‘OIlIatlng

tracted osi.ti o and they are rotated
shfts R ehyna fin A P et 1 Sloden38. reﬂ"\%ted by 90°

fréh S Jitatd gy %Taftﬁle2§ok§tﬁﬁ%e§ﬁ99tcékl YnhOCHBE &

the internediate rotating shaft 24 by way of a sp |ne'
conféct iagporand immnigklse abetwadmadnrexhendgdshaft 22, an

(no ch it slight|y overl aps
B BB ARdatat 2 Ay talre ot n Re e R mRE, and
a h@llﬂ@ﬁt;l OPL i A 2BE1 I BG4 - RATIAl! PHLL A5 GRAWE ) R sgmounted

3) at which it largely overlaps wth the |nterned‘
to ridteatoodly dHaffor24oicatibe axdvat the ectrdrca IThendiest alxm and

rotating shaft. 26 is rotated together wth the

S [GPReTEGCate FBR iRy 96T £ /8401 THee W&C&%@g%qnnaéphanism
28 I

B R P S A N e
direction together with the distal rotating shaft 26.
The hol ding cylinder 28 is axially novably supported
while it is prevented fromrotating by a guide
cylinder 29 fixed in the bo 14. A needl e
bearing 30 is interposed between the distal rotating
shaft 26 and hol ding cylinder 28. A | ocking bal
(l ocking nenber) 26a is attached to the | eading end of
the distal rotating shaft 26 for hol ding the annul ar
cutter t inserted into the | eading end of the distal
rotating shaft 26. A rotation operation sleeve 26b is



As illustrated in Fig. 3, the feed nechani sm 20
conprises a novable rack 31 nounted on the outer
surface of the holding cylinder 28 and extending in
parallel with the axis of the arbor 18; a stationary
rack 32 fixed on the body 14 spaced away fromand in
parallel wth the novable rack 31; and a pinion 34
di sposed between the two racks 31, 32 in neshing
engagenent therew th. When no drilling operation

oni Sh@efoxifed. rbhatehgnemd s oh bhesHf Qﬁr 1§pifﬁ@'<ﬂ>rﬁ'¥ectlon,
the retracted position, as shown in

anﬁewom?ﬁfﬁlglg laetwamga@p%xmmctﬁq Wﬁﬂtadme(rmm&mn) and a

tor 12 through th

t he, dr
reftLPle RASH REIER SHovs 1A d didTal oruF HotarTagiate shart
24S$fa:fc_*ght7212y dvdiralaiRdkate tRt %ﬂd}&ﬁlafrbtgﬂ’ln%nghgfﬁt # in the

rotating shaft 26, the operation |ever
axfhadhi E&P-’&F@éiont ey eblpe c@@if,engledheoomwl@m,smmnles otiait dargely

stati ck 32.to nove
ngﬁgaﬁgvab e ra%ggg&%a &ggénﬁﬁgﬁgkégﬁﬁ IﬁéaﬁﬁﬁgéﬂreCtlon
at3the katihtsedayositiod Nteanmipbee Qi add g t%la@ft'he% with the
and distal rotating shaft 26 are set in an extend

Prefipel t 5obrihgt RBaAEDER - 18Theait diahakxtehdedngt aha,ft 26 is

o BUSLAR TR UL GH LEL L lbadid L e L Sod Il o0 i,

wap ebrkpipddte connechidhl, | bnfieed MDA MBYeRedy QW %‘?«:‘% nded
such that the notor is dr|V|neg connected to the f
POgkbthi §RPP0SPRIBIgRta Blidhc H T 031 ko okl oyeviaps w1th the
g 0 t.hi Yy el,ecti opn can
m@é’f}ﬁécgl‘ééﬂa%‘ f%gﬁkf{lge%h%?tnot ﬂﬁlesca%ta!?hl&fi direction and a

redi sconhepdeilc { on Mayakhywar jautrarat inaldy fRyent 'i% largely
annul ar cutter t. As illustrated in Fig.
overlang ititlofthatintrrnaskate 2oteddngc sipitics 8d afn ahe axial
d rb are fi d at _positions that
dlfﬁé%lsr};efsmgrﬂ din(?%%%%tro&ag&{}gs ft %ésjp%ffjl 95@{7‘1 tcﬁ/ether with

thé untegméheaeatﬁdmﬂr@%ﬁhf@z@Oﬂmfﬂ@ﬁglei %iﬁ]%%% 28 h
carbide tips to the cutting edge of thenan t olds

the Gipéplt rotmbpingishiafonadp @ﬁ@é@kdamabé inooeated to the body
14 Wd QQU{: SR LPDI N Gl LS S
in contras %g%a%plan qu%Jr 3&% SQ%F gg"l’ﬁ"stbé'é’c? distal
roisdteielg shafd 8RUl Theah6MIAN Ly BSIRIANGE 1%3%);*1%113[ movably
reduced and a cutting speed can be increased
supported while it is prevented from rotating by a guide cylinder
29 fixed in the body 14.

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

ball 26a.
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Consequently, an electric drill apparatus which uses
an annul ar cutter having cenented carbide tips, as in
the present invention, can increase a drill feed
amount ; and accordingly inproved throughput of a
drilling operation is attained. A cutting speed
suitable for use with an annul ar cutter having
cemented carbide tips, and a cutting speed suitable
for use with an annular cutter made of hi gh speed
steels aieudesstblethigig HOW the Sed &L tnctMhldsf POOLSmprises
P.16 (First Edition, published by Kabushi ki Kai sha
a mengeleSmasgardl mountedlipm wbeoputeri susspeet ed thehholding
that it .can.,rotate. at high.s for . exanpl e, r
v ReGRER THamattl drPgr REFER Al RO 9 W arpor
18 SW tsaklha dnah-yPekkar Bongigsd tdM o P eIty QIS s@aRledy aRgy from
an annular cutter with cenented carbi de chi ps.
anRahepa ¥ gl eyl thot g gnovablgeszek pilil oandid Pipéopatteddpprosed
a _confiquration and.gperati.on a drill_notor .
oo Qi o er b A g1 SCon it et hadeesn SRa8eF Frewich.
el eGihdnC ndr bich12apRar apdsatlbustd PHE dridd, IThel e3ements of

In Fig. 4, the nuneral 50 denotes an external AC power
thewplor, 181 rampin| ahaiee retiriecited pPFehien, ap¥l JAwwnin Fig.
ACLDC converter. The full. wav I f] ci.rcuit .51
3- Rres T aver s (PR o P datgnep st iEhe SmhERH nne pguntas

cutt SE LI DIBGRakcd BashcddriWentbher Denebugw tigd dSWBYNEration
which is connected between the external AC power .

meghgypl s 507 apidt e eAGiDGadontrateins2shakt t 4énednggrmediate
t he, full ve rectifier ircuit. ect.i fjes .

ro%%ifjtna%esqa\r,%m%t‘lﬁe anck SFRERL AES %%A%I?&s%hpapﬁ/ %% g%‘(? operation

leoaPBI @8 haeiperdtdd cdnedebaggatoitidearr! eehrionBgnalo rotate
53, thereby fixing the electric drill apparatus onto a

and gdyencebjemwasd eaghe istatdpeary MRCCE DB deNgctemovable
TR bl y SO T L TR o Vol VHud (e Hampld, D4e wav, the
in¥OrhSdia tirdt dtS nsueRbired2 4 il ©ARERA! rdBhtih@rshaft 26 are
controlling the driving of the drill notor 12.

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

A drill feed motor may be provided such that the motor is
drivingly connected to the feed mechanism 20 through a clutch for
extending or contracting the arbor 18. 1In this way, a selection
can be made as to whether or not the clutch is disconnected to
manually or automatically move the annular cutter t.

As illustrated in Fig. 1, a plurality of cutting teeth t2,
each comprised of a cemented carbide tip, are fixed at positions

that oppose swarf exhaust grooves tl, respectively. By fixing

the cutting teeth t2 comprised of cemented carbide tips to the

12



A triac BCRis provided as a main swi tching el enent

for connecting/disconnecting the drill notor 12 to the

external AC power supply 50. A photo-triac PHout is

connected between a gate term nal and an anode (or

cathode) termnal of the triac BCR A resistor

(current detecting resistor) ROis connected in series

with the triac BCR for detecting a | oad current

flowi ng through the drill notor 12 and triac BCR
cufbéngondg®loftiniie aMiufr suappki ef whé hedier LXnyol4A081 can

fromthe AC/DC converter 52, conprises an OV OFF
bechpftresed madbourl canpiagprh inringiofcihe gpttang edge. This
- [ [ it et erm nation
S H R R g SR ARLE
a rgulandaacikioaich ¢ eraiilst-ancendd e dlel 08d6tES WHild dBeutting speed

The ONV OFF control circuit 71 outputs a control signa
capgbet {RFFeRSe%he triac BCR on/off in response to a

mani gyl ald.an,+0n, t ; SV r. the . stopper
SWi tégﬁ‘l‘ S\&%&f g’r’ réﬁl %l%%tﬁglgﬁgl%ieégﬁgﬁr%ttuosf wthhlec% uses an
anaul aMBtiict st Opvires drinemtedntasbiderclps, 79 in the Piesent

.anplifier circuit 72 anplifies a voltage across the
an%ET‘%?%T B ARErsatpudsdrhélr £86Pt PRGUREFt g6 aradvelingly
; [ ' ' . (WA I L.GUL
R e Tne TERERY cPErpyebLLs) £e5RETed,
r api Ml guidi ischesgesd ahidrayed eaumisat ed thn aa GapaQisirOlcutter
C73 included in the smoothing circuit 73 through a
hayiug crenses \ifdip idfe tidist agBdadr ekt ing srasdtBritRble for

usbalilS b8 Shaerd lLevek, I%%c:f]e %Eph:ll&fllegp%cg%%ietejﬂgrg%fés%ribed

gain equal to or nore t overl oad
inddier tong¢leat God tise FdoUef ermivesrket edi©lomPtphu@l ished
oq%sut VL1 of the snpothing circuit 73 exceeds a

BY R AR STy Btsheerkrisic Shiepade Vrefl to judge

B hean 15 ser Foaged st SRt natss P abpdkeg 4F nion
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.

In Fig.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/DPC converter 52, is turned on, the full wave rectifier

13



The automatic stop/re-drive control circuit 75
controls the OV OFF control circuit 71 with its out put
to automatically stop driving of the drill notor 12
when the output VL1 of the overload determ nation
circuit 74 indicates a heavy overload condition (or
Vrefl >VL1), and automatically re-drives the drill
notor 12 after a predetermned tine period fromthe
time at which the driving of the drill nmotor 12 is
cidbhoredl cabky rstappeashit I B0
li ndi cation circuit 76 deatgeer %rﬁég&m%lg?ﬁgg%%ﬁ %gt&t”ﬁ%r supply
SOoarpusupliad thee reywddtfiiedgvollkeyet tF 3tiex cebstst ®omagnet 53,
reviously s reference vogltage Vref2 to indicate a _ .
enPEEHY oS BRooT - THERth (R Lotigata th GUHY? BherEE: phject
oyaisyddl 2 folhe .1 etge %%d@&r@%ﬁ‘t\é&egg COM%EQSI& voltage
| ower than the reference voltage Vre I'n the overloa
frut ereriardteimon lc ACcppWeF4suppl 60 o asfipednbertoltheye (for
exoutgut Qf a'ﬁgngara qQr . OP76 when the drill notor 12 is
FERT1 y2 dvEPLERded : Fhwils sHaP : YdragrdcorhEcLEppit for
cofit 861 EXAIPERe D Uednd S Wiked QA 1l R oRokRpRI | oad
condition, while the LED2 (for exanple, red) is turned
on ik wildgRdy ior pore dederdsoad redmdigviidreh s tedathenft for
the LED2, . two LEDs ma e proyided to indicate |ight
o TR T IR TG Be. L BpaEL Hoetg i Piernal AC
poRe f Gigp18S50eSQl LRedoabeyse MR AN QRES AT Ld
the stﬁgr ?er SWi tié-)h SWON whi I'e thelpovver ésgv& tdéﬁgg\‘}’\%g\? 3 gate
termipd harndaanatiofd Gimtcetbodehatethinabrtf aheutirtabSBCR. A
ied wth supply voltage fromthe ACDC . ,
refbRLAF ittt i 2EROnY ¥ 1 A0 Wl Sopread o series
wi R HNLRE cCRORT Bbr ChdiCdlidinl of oW &L PFLL i
converter 52 thr oufyh t he slt agrltaer SW tcﬁ sv%%fﬂt%%gﬁe&?m“gh
the adisi hlg ndteont rlighsirst drri@el BOR.be turned on. As a
res#%t, a urﬁent,floms t hy ough _.a phot o- di ode PH21N to
tur *bE‘nCSHEEB JHHE ay BARCLT ApRldR Y €ibpttheaPCyvoltage from
th& AMPIRd g vihe E}hgﬁo'é’&@% SLLN bééc}ﬁ | NG s
sel f-holcdi ng cier cuirt for t eégé:aglngﬁzgg? QHH rlgl@cu,&st L
ant heptidher storc@Q7d 73, t ar smdobhina chilpcent aBsoahl eowerload
t hrough a phot o-dj ode, PHLI N connected in series with
de‘?%%“%‘?%hfﬁﬁfgt%}r%’e i%usiaﬁg 23teRateCct FitRP/PRIGTTVRhiCORtrol
cit&uPtiLaldny GOURlRM ddhdihe Rhehas di P |
turned on. By turning on the trﬁgéggggsntﬁgkgéﬁgoagf
supflhe S5T/08Fcommiect bat itreutite7drodipuint ar cd@ttolbeignal for
[ esult, rotation of the drill notor 12 is

driven. As ar | : 1
EurliReFB8 PRt audicht R/ PEGUCE F6APGEER hRchBARsRNiztien on the
I PeArRA[L 18 t Qer n cutter
SLG Aol SN, DETERY Sk BRTLBRNMGEr I B4 Bl tresponse
to diper atopunafuihé e operaties stbp / henrdlel @D coseeoki giAduit 75.
to drive the feed nmechani sm 20, the annular cutter t
i s noVedWRMILEY CHEYdt ¢ AgPlidnasd aavodbipdet acgoss the

red P5#8:2 RO EnkNSHELRE QUHL 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

14



A load current flow ng through the drill notor 12 is

detected when a voltage drops across the current

detection resistor RO A voltage proportional to the

load current is then anplified by the anplifier

circuit 72 and supplied to the snoothing circuit 73.

Since the reference voltage Vrefl of the overl oad

determination circuit 74 is set to be higher than the

out put voltage VL1 of the snobothing circuit 73 in a
73NeHABLgK ONdid 4 | it e d I

overlo%ded ‘%hgﬂﬁgﬂﬁgﬁgﬁg%n gggrg?#%ﬁ Qér%g? éh? resistor
Rocﬁalleftwrﬁazamnlk&mbbbt@he1Bmplmﬂlerr@uréuiﬁ-Imnmngsg gain
! hog IeveI Therefore, in the normal condition, a | ow

Bt 5geT s"eHar %no the capacitor C75 of the

aut OnWélcﬁre?ﬂl%{d @refifelr‘fcﬁn%@&%!‘nol:ifgﬁw"947§ éﬁnﬂ‘%% whether

base current of a transistor 5 does not ow
Ortmgﬁﬁ&ﬂw?utﬁnﬁnELlnoénthﬁfémqnuhnng clrcuit | M3t Rixgeeds a

snn urrent caonti nugusly flows_.into the
prSpEolerd WD VOIGRIGEEEEht FBI TRqFE Ufeser or not

thbhﬂ@kdgh inbﬁoicr apsiist %e%lau_nbheinpgﬁtcﬂ G 'h%cav@.H rerloaded
remains in an "on" state, théreby permtting t

COE@I&%QPr%hﬁﬁrﬂﬁrm&u1bqnﬂamagada The reference
volpﬂ%$avgef2tset /}he Qad conditjion indication

ci rcul o ﬁF&ﬁ%P Tliye SRR GLicBitiipcontrols the

ONBOPPt dtrite 'E:Qli'chl%?”ilnwiﬂ? ftOJ %ltg;&‘engbté@tfb 201 éiﬁy stop

t he out put of the conparator (operationa
dropimsg i ’éhe mllg?nll awdlor Ihscrl“esfmrtee autpainsiist of €ébverload
whil e a transistor

LED1
%‘;%51 d“%’h ﬁ%rFHétaEEéngﬁsa &7 r?eaeew oviErgmacheongition (or
vrd DL }J@hdtad%ticf@lﬂpféa&Piv?@Qhr e&?ﬂfi 2ot after

the drill notor 12 is in tthe normal condit
a ryedefemiimed Rdme petréodt eodr the tﬁmewaEUhhxbh the driving

I t.he | d t dt
o UEL R i o Lo A omed cat il et oBBEeL | n
r eS|’liﬂeoloﬁ@cb%cﬂl'%‘ihﬁaﬁ?dl@é‘éi#érhﬁ_{f@fl{;%Saggeﬁﬂlne% whether

i ncrease in the output VL1 e snoot hing Crrcui
or 780t Akhe heubpuputVINL bf Meea&msotttmﬂdﬂeciﬁﬁlﬂiembs exceeds a

V. Jta Vref2 of _the |oad condition indication circuit
pr%‘%‘ %@’ otit utr%‘?eﬁeﬁ’é:ecoﬁﬁgF%i%r Vopfe ttandindieasef romload

cordd G bevehet@- 811 Qv svel th%h?]ﬁ%‘ﬁﬂ I?Leandd?%l% 2%

transi stor Q761 to turn o e transi stor
refepenamyotvagddiratfle wEDh is Tawarethoh fth@ﬂﬂefé\ﬁexh&@%oltage

|fﬁturnﬁd on. From

in the overload determination circuit 74, is set s0 as to

invert the output of a comparator OP76 when the drill motor 12
is lightly overloaded and will not be damaged. The LEDI (for
example, blue) is turned on in a normal load condition, while the
LED2 {for example, red) is turned on in a lightly or more overload
condition. 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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the unlit LED1 and |it LED2, the operator can
determne that the drill notor 12 is lightly
over |l oaded, and can therefore adjust a force applied
to the operation |ever 39, as required. As the
drill notor 12 is further | oaded to a heavily
over | oaded condition in which the drill notor 12 nmaybe
damaged, the output VL1 of the snobothing circuit 73
increases to the reference voltage Vrefl of the

\Y; ] Won.ci.rcyit 74 or hi r. this |, )
D e e By O GOyt o s Perdaing 5n
andetref sicaati 90 thiatCthé cohrdlpuhst a Hbpplliedeli WhiaChc supply
bstanti al | y_instantaneously charges the capacitor
Voggég? HrSTgH @AY B e ey §2r P BTV EURTSDRE (AR tprssistor
[ I : ' | C [r.e-drly
O it OBy PRy o LR BBt AT o FOB it R s cer
SZdhresight the RES2tandwite-tbareN grihictrebyafaddihd EABSE S stor
7%7?. gs the transistor Q75 turns on, a current flow ng
Q7ChFBulR CHEMBHOPB- di BAc2PMEENLEF Bheurrent flows through a
n&NL OkFsont gl GU t i s,.Shu t S Y. :
Burn dgggtggb%ﬁo?%{ﬁ?%éé %ﬁlguﬁhﬁ%§)?ﬁ%gghrrenﬁéﬁfw?ﬁgh S
opti¢atl BCRuiebrdasestie phetdal iideg RHINENt HIrdiBS Fording a
Lﬁ_tuiged off to shut off the current to the dril
Sedprlapldng circuifadipr, Heainapsdeérrofdéd conditi on

causes e +authQnaki ¢ §59pLLes dL.] ntrol_ circuit, 75
to turn off the tefécéBgRégtﬁg£é% té%%e%ﬂ%ﬁ#%%? iSO flows
theenglent dehetotdhodesiEION REsAreceasesit 0sé@iest Oyith the

v reduce t output VL1 of the snoothing circuit 73, so

T3zt St e Ydv phrustnghne RimhRirtatigic epaUTwhheh overdpdddally
j ' L L CL r it froma high |evel

| cofl S L et M lad AN AT AR 1) LTy on

thetiuplae BIR, veheoRC rpdwet raipgl v/ 50 tBechbasecesd rentedf driil

the transjstor, Q75 only conprises a discharge current
moken % & PEpRELYSR - GYS a Hesudhr /¢ hetpbipaiof HISArill motor
rent.. di [ fter a.ti erij.od
N By R e AR e R el T S Hg axpor
18 trandietelry @MEatte ttiven adffular cuttekntt hs&ee¥eht . 1 ang 3).
since the self-holding circuit for the transistor Qrl
i s st FLf hd@ bystithe preratarsernRrddiNonadates the handle
0 I R [ control gircuit 71
3 RSP LEL P o B e et as Pt 20 FhhGera: cuccer
t isheovede Wridrsiist b8 *HARYiHd)S telibrafdbiect to form a bore
redetermned tine period fromthe transition of the
th%%ﬁéhﬁoqthW]the overl oad determnation circuit 74, a

Che K Toad B Dbt b P S, B RhE I n ot S e e i e etea
whaga wdlittgeotdrapd gyessyathy dhe-ddd 3etBER i@ trlérs{isQ;%'r RO.
0

In this way, the drill nmotor 12 is again powered
A vidttZge PrePakhiparl cie tidre tloatheudrethatgetdmmmplifiaed by

» of & t i ¢ stop{resdri control . . ,
e MEIARLR o WELTH TE0HaS, SERLLE Ve FheCRlipptaing cirouit
73 .apprsxncat ehe | ReFerang 0hofrdgho WrorSeeANding t Shlricag
therefore possible to automatically resume powering
defiqraiggtionnsiscuit i ashest o nee aitghet hehani the output
t ' ver| oaded and,a current flow n o )
vo Bl V2 of NS SadR P Rcal PgSth i bpr 2 ROl goggtition in
since the output VL1 of the snoothing circuit 73
decreases at the tine the drill notor 12 is rel eased
fromthe overl oaded condition, the output of the
conmparator OP76 in the | oadl&ondition indication
circuit 76 transitions fromlow |level to high Ievel
so that the LED1 is turned on while the LED2 is turned
off. In this way, the operator can know 'w t hout fai
that the drill notor 12 is released fromthe
over |l oaded condition, and can therefore operate the
operation |lever 39 to again nove down the annul ar



As described above, the electric drill apparatus
according to the present invention can reduce a
cutting resistance because it enploys an annul ar
cutter having cenent carbide tips fixed to the cutting
edge thereof, and a notor which can rotate the annul ar
cutter at high speeds. As a result, the foll ow ng
operational benefits can be attained. (a) The
decel erati on mechani sm di sposed between the notor and
W o] a desd d %0 . ue,.Wth the
e R her ot b acron B PurfLeAdedr Penkl (hnireacor
(oparakigl apdpdiféer) OP74 (by The: ebestlbsddrdddermination
C.aggaéag s can be secured to a morkgiece wth a smaller
THY R act/ForP¥ e 2o lO¥at1eYR! nagRBerefpase, ihi Ehe normal

coR@IPLbSLS ﬁoﬁoelveﬁ.itXS!eyiéaéf%r&&?%%%ﬁeagggxe\gilg%}: &5 of the

the electric drill apparatus,” can be re si ze
auhpla et giop /rhudr $vgridritoant ¢yreont 7T6hutd 8Bat @ Base current
ofreguction in Lhe overal |l _size and weight of the

& sEEPPES Y A7 A0Rs §PGst Low and thengiqrepgenpbredimaad of£”
sti¥®mthe foregoing, the present invention can stably

secure the electric drill apparatus to a workpi ece,

whi 11" &bliisestage arsiower al tureemictdoort inosis2¢ AR6ws into the

i gh f . Al i h
ondfo Sthadt Mtal S eBsi Y/ PEFaFPOFRGL s a1 through the
trawd pemds eahl yrgb hﬁé—@rdtcal& bﬁ%uﬁ:%%‘ﬁr{?ﬁgr ah“‘c%rlf}g state,

event of overloading, and automatically re-drive

thempely rerm tiriedettdraritndd ot BOR thereabipr inaanopenat tate.

neeq?not operate a switch for re-driving the notor,
thusqﬁnﬁ?é%ﬁﬁF%%rK%. §9¢yvrefz set in “the load condition

indication circuit 76 is higher than 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 LED1 are turned on, while
a transistor Q762 and thus the LED2 are turned off. From the lit
LED1 and unlit LED2, the operator can recognize that the drill
metor 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 a low level. This causes
the transistor Q761 to turn off and the transistor Q762 to tuxrn
on, so that the LED1 is turned off and the LED2 is turned on. From
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Further, when the drill notor is normally re-driven,
an operator can be infornmed of the condition, so that
the operator can readily know a tinme at which he can
start operating the operation |ever for feeding the
drill downwardly. Furthernore, since the |low profile
type electric drill apparatus according to the
present invention can increase a rotational speed of
the drill nmotor to reduce a cutting resistance by use

th&fudihg: egmeningari depbi Pehi xR0 119t RENCHLELPY: £498,at the

the drill notor is capable of rotating at high speeds,
drihbredpioriablisng ightéperuenlotdedncamdsmra theatkfore adjust

nount . Though. t not or y be subject to overl oadi ng
& d%@zgf?@\%%%géﬁﬁgﬁéﬁpqﬁégaﬁhgﬁﬂF'pgﬁbtaﬁ required.
st oppd nghé eqdh LY R reRamD P oVirdednl tRRRILCEE I § neavily

drill apparatus is able to prevent the drill notor and
ovemhedded eenddtippokm bl i) daradetl bmdirokdd mag o damaged,

Y, [ Wi | e.t.he el ectri.c i Ll _apparatus
en€ BEHETEGBY Pfe et BT HE e DoehnGERRsrReto the
refétdndefieneage e N reiRediv@load bebbkhiRetaBRA BMuit 74
to those skilled in the art that a variety of

or PplgheEat iFdnShamd tdmeer il eIvsreaatis PRI ©f tthe overload

' ' . ..E le,.th tral. ci it .
ol PVE Sometrenrs o RUATEE SpbPR S Shy S apriaay
ingkadtampparal dﬁak@éblﬂid’l@aPa‘éQEkaﬁH ¥habtidnaed ib¥Rey75 and

simlar to the lower profile type electric dril
a BppafePtsRéhbwiheavizyga smgll resisfanc@er inj kheh@utomatic
0 [T CUi [hstead o e photo-coupl er, an
e G ULt Do EBGPE oS S PO he R e o Flow

threkgty dreans sty Rgsenphayele HhS& ehNst8abOftHN@ ransistor
current detection resistor RO connected in series wth

Q7% he Agr the Bptptidbor L7dutrems pransformeenineildweng through

| f ti t t h the dril]
engaRsROER R LAY 5 Pad YIS serPE Sl Blaitrer byt netunted
to REAYueak 1iet @yn BXYE BAcCPRL Byt i ANPH1ONR MEAS WHGurrent

means such as a pul se counter may be enpl oyed i nstead
of gihe heiRC BeRulayestsant toi taioldincthevaweomaticless, it is

S SRR Xo R TS
SCR,WHefrﬁ@tShébeﬁl9roEgFlme@econdition 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 automatlc 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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enpl oyed instead of the triac. Wil e specific
enbodi nents of an electric drill according to the
present invention have been described, it is to be
understood that the invention is not Iimted by any of
the details of the descriptions of the enbodi nents,
but rather the present invention is to be construed
broadly within As spirit and scope as set out in the
acconpanying clainms. CLAIMS 1. An electric dril

di S?Eta?grét Ufne COMRRNI0ads R Yhd 2LahQ18LLD QA t%nglli”rgroff .

In this event, since the self-holding circuit for the
transistor Q71 is still formed by the photo-diode PH2IN and
photo-relay PH20UT in the ON/OFF control circuit 71, the
transistor Q71 remains in “on” state. Therefore, when the
transistor Q75 turns off after a predetermined time period from
the transition of the output from the overload determination
circuit 74, a current again flows into the photo-diode PHI1IN
through the transistor Q71, causing the photo-triac PHIOUT to
again turn on and eventually the triac BCR to turn on. In this
way, the drill motor 12 is again powered to rotate the annular
cutter t. The discharge time constant of the automatic
stop/re-drive control 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
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 VLl 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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a main switching el enent connected in series between

the notor and a power supply; a current detector
for detecting a load current flow ng through the
not or ; a determ nation unit for determ ning

whet her the | oad current detected by the current
detector exceeds a first predeterm ned reference
val ue; and a control unit for controlling the
main switching elenent to turn on/off, wherein when

to tepdekenfi Nakd o silichndet&h8d nesutRahgt hes] 988hce because
current exceeds the first reference value, the contro

it epploxuppsaphilaheuidior bavioti crpenegerbide Shne bifed to
the.current flow ng through the notor, and

ehe LR R R e AR R s ateterphp eanaar

cutt8atat heidoatbedy.enhsdecreases, tthdersimedu elg tdprdfional
first reference value, the control unit turns on the

benggi ks sopn &8 mEt@ gt at predeternmined tine after the

Suppty £c Recattaft B heglentlh fTtodi T PR motor

andatfitlicag e ddsdighel, £bushgiely eolPw itdriflie, with @e result
arbor having an axis and rotating the annular cutter
thapitihechede teratson BgehAgleRcabbatradieeski s wodiodhidang size.

' di ' ' . f ' haf
o7 (R 864, SRegLLLgr 880 O0aLl AT 08! L08usA' o o
worRBpLOtdiwigi @ Ehal M2, atbesiet ibd R rad,ssef thihe aidaladretic

substantial ly perpendicular to that of the rotating
basghafhigf COH@IASESr 2 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 weight of the electric drill apparatus.

As will be appreciated from the foregoing, the present
invention can stably secure the electric drill apparatus to a
workpiece, while achieving an overall reduction in size and weight
‘of the apparatus.

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

Further, when the drill motor is normally re-driven, an
operator can be informed of the condition, so that the operator
can readily know a time at which he can start operating the

operation lever for feeding the drill downwardly.

Furthermore, since the low profile type electric drill
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4. An electric drill apparatus according to Caim1,
wherein the annular cutter conprises cutting teeth
made of cenented carbide chips fixed to its |ower end
and at positions opposing a plurality of swarf exhaust
grooves, respectively. 5. An electric drill apparatus
according to Caim1l, further conprising; a
second determi nation unit for determ ning whether the
| oad current detected by the current detector exceeds

apparaeasndccefaiggcac/atie sPRLLSF 1ROt 6T LS increase a
ref erence val ue; and a |l oad condition

rotpgdpeat ispieathef ther drhdl cettiongt @ redurel a k:oaatmgﬁ rti.‘ﬁtnance
d rm nat.i on_unit determ nes that the

by b e R I A s ERRCLeib i GREFaRocade, the

drilaln.oransl chpebeatd Ngoed O¥Ghk AL ILOREELS OR Rt Neh) i ng

second determ nation unit determnes that the | oad
an cREHicRkCeelsreRBe sdmnf pepBREnchvaigle thebmofnr may be

' i t di to,Cdaim1l, wherein
subEE ¥d Evdit ber REENA ¥ ARt et S0 Hebnhborag. Fpotor
stopplnggratdhi ¢ ey Mdenangh1RiidesWM L ghi Pl E1BRE 10 grill

output a vol tage obtained across the resistor
appEBFE%§pkﬁuﬁhﬁf PReVeBAdtledrddtl, maidr and annular cutter

from being damaged or broken due to overloading.

While the electric drill apparatus according to the present
invention has been described with reference to one embodiment,
it will be apparent to those skilled in the art that a variety
of modifications and alternations can be made to the invention.

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

Further, in the «control 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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the first determ nation neans is adapted to receive
the voltage corresponding to the |load current, and
conpare the voltage with a first reference voltage
corresponding to the first reference value to
determ ne whether the | oad current exceeds the first
reference value. 7. An electric drill apparatus
according to Caimb5, wherein the current
detector is a fixed resistor connected in series with
empi =01 0 A dhe-midl s tching el ement to output a
ol tage obtai ned across the resistor corresponding to
t hevttidad speciént, embddinent s tdfe ageebadt dit etmi Maticonrding

unit is adapted to receive the vol orrespondj ng
to {the HFATRT CHPYSRE SR tatnaed (HeStthehe att H& to be
und€L5PHK kaherenc e nventags f@h%%smﬁ%éwb&oaﬁﬁ%fsﬁﬁg%talis
reference value to determ ne whether thé | oad current
of eieedwctingisecond tékecmhodimahte, b8; ratledwdihrd present

invihlton P LA AN Brb8a Ty Frlffun SRS STt oni goope

as g@ttowcwomg a?cédn{pﬁinﬁ\ﬂgt GhiaAgse! ement, for holding
the first switching elenment 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 el enment when the first
switching elenent is in the "on" state;
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a second switching el ement which turns on when the
first determnation unit determ nes 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
swtching el enment being in the "on" state; and

a unit, responsive to the determ nation by the first
determ nation unit that the | oad current is reduced
bel ow the first reference value after the | oad current
exceeded t he ft¥dt1Sref erence value, for turning off

t he. SeQQﬂdléﬂklﬁhkmgl%bﬁﬁﬁﬁE atccappladet erm ned tine
after theiggtcgnlnqgu 9. Anaglectrlc drill

appar af us’ accordlﬁbtiBgCﬂaJﬂ?%? witE & h the main

SW t Chlan’%}l(-’,‘ls@mtlﬂg@lamétﬂtl aopeand trhesrdentbeolecunitk motor
COBRM i=SBSwer supply@n "ON" state self hold unit

including a flrsg swi tching transistor, for holding
the fif r%%ﬁHQﬂﬁFﬁEP%?%ﬁﬂﬁt§FEﬂngﬁhl%ﬁ$cuéﬁen%ﬁkfﬁéﬂ%Whﬁ? h

st an¢ impgoswi tch is turned on; a photodlode for

em tti ggdltéﬁﬂyha QBAJ tgf lér%f%lng'whe en.Ehe.P rent
I's {W ?%?

the first swtc ansi s
a B?Eﬁ95e@rﬁ%aéh%cﬁHﬁ?é@%xﬁe@é@%vgeHX@&ﬁwﬁeaafwisanpxﬂﬁedexm;med

a ea&h@d&a&éhkheaﬁalac and optically coupled to the

hot odi_od t the photo-triac is turned on by
IO. Sh? Ie?n 7 SSL a&ﬁ%r 685%0&%’6%%‘% ﬂ@blbﬁwt%égteﬁre%nt to

Wi ttrqaogéqﬂé,CNMerein 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 subsequeﬁtly when the determination unit
determines that the load current decreases to be smaller than the
first referenceé value, the control unit turns on the main switching
element at predetermined time after the determination, to supply
the current from the power supply to the motor.

2. An electric drill apparatus according te 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.
3. An electric drill apparatus according to Claim 2, 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, 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.
3. An electric drill apparatus according to Claim 1, Ffurther
comprising:

& 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
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a second swtching transistor, responsive to the
determ nation by the first determnation unit that the
| oad current exceeds the first reference value, for
bypassing a current of the photodi ode to extinguish

t he photodi ode irrespective of the first sw tching
transistor being in the "on" state; and a unit,
responsive to the determ nation by the first

determ nation unit that the | oad current decreases to

be smaller than the first reference value after the
| oad cOr'PeRtCoBYEE e ddat Freb iPP et t FoF dirdiead i@ eurormp prload
t urrridigioef Whethehseronst sMtéehinBgi dor afisi 8é1rmaddesAthat the

pr ?cga%t %g}&etd d%jal-msnc@tf te%‘:eécpet dets%!‘:mcpaf:telfeorence value, and
indicating an overleoad condition when the second determination unit
determines that the load current exceeds the second reference value.
&. An electric drill apparatus according to Claim 1, wherein
the current detector is a fixed resistor connected in series
with the motor and main switching element to output a voltage
obtained across the resistor corresponding to the load current, and
thefirstdeterminationmeansisadaptedtoreceivethevoltage
corresponding to the load current, and compare the voltage with a
first reference voltage corresponding to the first reference value
to determine whether the load current exceeds the first reference
value.
7. An electric drill apparatus according to Claim 5, wherein
7 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 determiration 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.
8. An electric drill apparatus according to Claim 1, wherein the
control unit comprisesﬁ
an"on“stateselfholdunitincludimgafirstswitchingelement,
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
determination 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
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a unit, responsive to the determination by the first
determination unit that the leoad 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.
9. An electric drill apparatus according to Claim 1, 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 helding the first switching transister in an "on"
state when a starting switch is turned on;

a photodicde 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 photodiode
toe 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 determinaticn.
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