R ESTNEY

PEREA

CONTROLLER FOR BORI NG APPARATUS BACKGROUND OF THE | NVENTI ON Fi el d of the
| nvention The present invention relates to a controll.er for a 5

magnetic base drill unit, and particularly to a controller for a nagnet
base drill unit wherein the feeding of a drill unit (an electric drill) is
made by a feed notor, and the drill unit is-restored to itssinitial"---
position by causing the drill unit to rise at a high speed after the

term nation 10 or conpletion of the cutting by the drill. Description

of the Prior Art Various kinds of nmagnetic base drill units have al ready -('
been proposed, which conpri seCGNTRDLLERRORIBORING APPARAKUSNnul ar hol e
cutter, a nmagnetic base for causing the drill 15 unirt to be

magneti cal ly adhered onto a workpi ece for fixing, a feed notor for
automatically feeding the drill unit to the workpiece, and the like. A

nmagnet i c baseﬂﬂngnéhNQ PRSTRE S ENNENT IO posed, wherein the drill unit is
restored to i%;,in'tig]lgos'tion after the hole cutting work by the 20

drill unit is RedtiEofPYRBEARBe, in the specification of U S. Patent

No. 4,789,274 issu on Decenper_6 %%88 agg%assigged to the S3TE siqgee
as the present ekt dECSORECHAVHBE D GRIATERAToF CARIRE A5 RoT

. . t
speed of the MRS AT Sase 817, wpseic'ohe Rl  Sar Br1 3318 PRl
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unit (an electric drill) is made by a feed motor, and the @

drill unit is restored to its initial position by causing
the drill unit to fise at a high speed after the termihation
10 or completion of the cutting by the drill.
. Description of the Prior Art
Various kinds of magnétic base drill units have already
béen proposed, which comprise.a drill ﬁhit ﬁro?ided with én
annular hole cutter, a magnetic base for causing the drill
15 unit to be magnetically adhered onto a workpiece for fixing,
a'feed motor for automatically feeding the drill unit to the
workpiece, and the like. A magnetic base drill unit has .(f
also been proposed, wherein the drill uﬁit is restored to
its initial position after the hole cutting work by the
20 drill unit is completed.
For instance, in the specification of U. S. Patent
No. 4,789,274 issued on December 6, 1988 and assigned to
the same assignee as the present invention, a technigque is
described foraenhancing the efficiency of the hole cutting

25 work by making the restoring (rise) speed of the drill unit



cutti ng work. Specifically, in the magnetic base drill unit described in
t he above U.S. Patent, rotation of the feed notor is transmtted to the

drill unit through a reduction gear during the hole cutting work, while it
is transmtted to the drill unit wthout through the reduction gear
after the termnation of the hole cutting.wrk However, such nagnetic base
drill_unit requires a nmechani smfor disconnecting the reduction gear
connected to the. feed notor, so the construction of the magnetic base
drill “unit becones conplicated and | arge- sized In order to dissolve such
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while by making 1t he term nation of _the hole cutt.ng,
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p. : However, such magnetic base drill unit requires a
mechanism for disconnecting the reduction gear connected
to the feed motor, so the construction of the magnetic
base drill unit becomes complicated and large-sized. 1In
order to dissolve such problem, it is considered that a
d.c. motor is utilized as the feed motor, the polarity of
the power supply to the motor is made invertible, and its
voltage or current value is made variable. That is, by
making the voltage applied to the feed motor lower during
the hole cutting of the drill unit, while by making it
higher after the termination of the hole cutting, the rise
speed of the drill unit can be made faster than the fall
speed thereof. _ _

-/ The above described technique had. the following
problem. The fall and rise speeds of the drill unit can
be altered, as previously stated, however, if the voltage
and/or current applied to the feed motor becomes
excessively large during the hole cutting (falling of the
drill) because of an unexpected factor, the fall speed of
the drill unit



becones excessi.vely large, and the annular cutter attached to the arbor
assenbly -of the drill unit may be broken or the drill notor may be burn out-
SUWWRRY OF THE | NVENTI ON. The present invention has been made to solve the
above described problem and an objeet3of the present invention resides in.
~provision of a controller for. a magnetic base drill unit provided with a
safety circuit, which can stop rotation of a feed nmotor and a drill motor
instantly if t he voltage/current applied to the feed notor during the hQle

cgt ti tng ]E]S‘eééﬂiefxéﬁéﬁss}er{rbﬁl alaegéfctaﬁaetab an?smas &u@%@&fz atkddHdder

obj ect of a preferred e sent, i nven ies in provision
of a cont‘?%l‘? ?B£’°r aﬁ??ﬂ’ﬁn?? thAi gﬁgﬁ'g PREL DAY, p&’ &R (3F neans for
conflrmrthéfuxbbbrmtton n&ythe batat putircuit.: The present i nvention js

character N O sol ve the above described problem mhen.
-~ the applléégﬁéﬁf ¢Pivo t age’/ @giéent ‘hi gher. than a predeternined

vol t age/ cur rent Thet present nnventnqnthQShbesncmanengon@@dxmotﬂue f eed
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the  power su to't fot or and motor 1 s~cut. his enabl es -
rotat i onsllvfelllﬁ@meﬁﬂsh@?%rlEnHrEVF-ﬁP-Oﬁopér a; gopEroldgsedorn® ant |y when -

the vol t gedRei&Nbas@P@Liey uhot! ppoviaed waLer absagery @icewiiv/el vy large
because ofy &k OEAPEEsE Y bBgt 2hn I8, D9£50S DS U Wariay ‘x‘notor
instantly if the voltage/current applied to the feed motor )
during the hole cutting’ became excessively large because NS
‘of a certain ‘cause. : L " o |
A further object: of a. preferred embodiment of the

present: invention 1ies in prOVLSlon of a controller for a.

- deill’ unit, which is further prov1ded with means for '
confirming the operation of the safety crrcuit.

The present invention is characterized in that, in

order to solve the above- described problem, when the

”;application of a: voltage/current higher than a
-predetermined voltage/current of the: feed motor in the

- hole cutting mode to the feed motor is detected during the
hole cutting work by the- ‘electric drill ‘the power supply .
to the drill motor and feed motor is cut.: This_enables
rotations of the feed motor and drill motor'tO“be stopped

- instantly when the voltage/current ‘applied. to the. feed
motor becomes: exce551vely large’ because of an unexpected

=_factor during the hole cutting. '

\



Advant ageously, the safety circuit is constructed by connecting in series a
relay provided with contacts for cutting the power supply to the. drill
notor and feed notor, a resistor and a diode, and by connecting. themin
parallel with the feed notor so that the relay is supplied certain current
during the hole cutting. If the resistdnce value of the resistor
is preset to an appropriate value, the relay is actuated when a :
vol t age hi gher than the predeterm ned voltage to be applied to the feed
nmotor > n the hol e cutting node is applied to the feed notor during the hole

cutting, ther EbXd%hthQQouhh.?,DOWe Sttty O ¢iecwlit! | mndcbﬁedr&en:eas by
Preferably, the detecti,on t.erm nati
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t he magnetic ba
feed motor J.n the hole cutting mode is applied to the feed

motor during the hole cutting, thereby cutting. the power
supply to the drill and feed motors.
' I_’referably, the detection of the termination of the
hole cutting is performed by detecting that the current
value of the drili_ ‘motor has. exceeded once the preset
value and has lovered below the preset value after the
elapse of a predetermined time. Since the current value
of the drill motor increases or decreases depending on the
load of the d::ill motor, it can be determined by the above
detection that the load of the drill motor has lightened,
or the hole cutting work by automatic feed has
terminated. 'I_f .the current value. of the drill motor has
U/ lowered below the preset value before a certain preset
time has elapsed, it can be determined that it is a test
boring by a manual. hole cutting.

Since the safety circuit as described before must be




mal functions it is'required to test whether or not the safety circuit
operates reliably, for instance before the actual hole cutting work or in -

the factory for manufacturing the nmagnetic base drill unit. However, since
the magnetic base drill unit is consty ucted so that only a preset |ow
voltage is applied to the feed notor when the drill unit is in a fall (or

advanci ng) node, the operation of the safety circuit cannot be confirned.
Accordingly, in a. preferred enbodi nent of the present invention a vollgge

hi gher t heperdted. reélmmywrmeﬁetmrmd étiégbahé aemmphned during the
- hol e CUtt'QE#C3n be appl%eg to the f ﬁ g %B ng the

el ectric %af%$915? Eﬁ Bae ?Feﬁrb9 %Pﬁ ng a .
(test) vcsafe]ey etxrmdihgopermes)resbiahhﬂ agert dnsbanpel,i béfoder ithg t he
hol e cuttyj féﬁ?E t I f he:drilL unit.
Advantagedﬁ%f ﬁﬁ t #2 0&3% t%ﬁeﬁﬁs£g%pfgggsfg ?ﬁ% feed nmotor the
out put ofmany tuﬁsng the magRetie bﬁﬁ@léréhltungtvolH@g@vﬁﬁfthe feed

Mot or i N giedistind xﬁé’éﬁeﬂ?&’%&éetdfﬁ.f'ﬁﬁit' Esd&bhst‘rﬁctaﬁ' B! @fhaths @
result., ates t voltage " @5’ .di sturbed by
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in the drill” rmnkccordrugﬂyﬁxﬁnoatpmeferﬁedoembodiﬁenthof thehe nunber of
revol uti gy (? "Gl R RL O PEFORES. RIBRGE' cHRRM chO®nheithu the AT,
pre etermined voltage to be applied during the hole’ -
cutting can be. applied to the feed motor in the. fall mode
of. the" electric drill.' Thus, the safety circuit can be
= tested by applying a (test) voltage exceeding a low preset
voltage to'be: applied during the 'ole cutting to the feed
motor. in the fall mode of ‘the: drill_unit.. _' . :
Advantageously, when the test voltage is applied to
the: feed,motor, ‘the: output of the means for applying a |
hole. cutting voltage to the feed motor in the usual fall
. mode’ of " the electric drill is inhibited. As a result,-
test voltage applied to the. feed motor is not: disturbed by
the action of the- means. for applying a voltage for hole
'cutting, so the application of. the test voltage to the |
feed motor can easily. be. performed.. ;"' S '
Preferably the means for applying a voltage for
~ hole cutting is constructed so that a voltage depending on
the value of the. current flowing in the drill motor is
applied. to the feed motor By this, the number of
revolutions of the feed motor: becomes .smaller. when the
load of the drill motor is_larger, and- vice versa.




-6- Preferably, the neans for applying a voltage for hole cutting is
constructed with fixed-current means such as diode so that the current
flowing in the feed notor decreases to a preset |evel when the current
flowing in the drill notor is smaller than certain lower limt val ue.
This will allowthe feed rate of the drillC Unit to decrease when the hole
cuttLQg by the drill unit begins. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1
is a;Circuit block diagram of an enbodi ment of the present invention. Fig.
2 is ¥ front vi ew showi ng an exanpl e of the nagnetic base drill unit to
whi ch the present inveiketpraklypthedreans fonappiving awoltagri for

0 ][ﬂ tF ted. 2Fi g : %%Fe ccutitg Siéiebdﬁmulsétéd Gvith fi:ged-ﬂcfdﬁr&#. Shéarts gQuc"!:h ew
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clutch of Fig. decrensds cio a pilusdnllevdlitvwiien stitornertent flewingisna
| ongi tudi nal scue Ry MR ThematIer Al A er tath oot hifihe bar
clutch. Fig. 9valuel othisidrikl aklaw dthe feady xdte hef the odrill unit to
decrease when the hole cutting by the drill unit begins.
BRIEF DESCRIPTION OF THE DRAWING T
- Fig. 1 is a circuit block diagram of an embodiment
of the present invention.

— Fig. 2 is a front view showing an example of the
magnetic base drill unit to which the present invention is
applied, with the annular cutter being omitted.

Fig. 3 is a right side view of Fig. 2.

Fig. 4 is a left side view of Fig. 2.

Fig. 5 is a cross-sectional view along Z-Z line of
Fig. 3. _

Fig. 6 is an enlarged cross-sectional view of the
Harmonic Drive unit and ball clutch of Fig. 5, in which



shaft 124. Fig. 10 is a cross-sectional view along X-X line of Fig 9. 10
Fig. 11 is a cross-sectional viewalong Y-Y line of Fig. 9. Fig. 12 is an:
enl arged cross-sectional view of the Harnmonic-Drive unit and ball clutch of
Fig. 5 in which the ball clutch is discopnected. 15 Fig. 13 is a
circuit block diagramshowi ng the details of the delay circuit for
generating a specified voltage, pulse generator circuit and latch circuit
shown in Fig. 1. Fig. 14 is a truth table of each logic circuits shown [N

Fig. 13. 2Qhe baATAIMRIDEN RGN X, THE PREFERRED EMBODI MENTS Now, the
present invention is described in detail with reference to the draw ngs.

Fig. 2 is a fromigii ewiaf aArteetpliewfiof h&xmgagembﬁsemdﬁ\bbb 4Rit olf0
which the present invention is applied, Fig. 3.is a right side view of. Fig.
2, 25 ahe Bagl ¢lutch.)eft side view of 'Fig. 2. In each figure, a
nagnetlc base 2. and a.drill unit 3. . -8:- are attached to a frame 1. The
drill unit 3 |SFHUVe@|ﬂamacﬂqngmthdknumwsebylcgaih91ewtaflmheof a feed
motor 101, which is described Fater with reference to Fig. 5. An arbor
assefbly 5evgagn@aMt|memhan 23 ohthedabl egluteh.with 5 ‘the rotating
shaft (splndle) of the drill unit 3, ported for rotation by the bush 22
of an arm 21 “at Fd@he® ti® tﬁwelqué-t @Q)gs%e@l%ﬂl h‘&%eﬂnoﬁnﬁbEaleumFber

twist drill
shaft 124.

Fig. 10 is é cross-sect10na1 §1ew along X-X line of - -
- Fig. 9.- o _ : _ .
10 o figf:117is éiqréés-séctiéﬁélivigw.élq#g‘¥fY liﬁe of
Fig. 9. o
Fig. 12 is an enlarged cross-sectlonal v1ew of the
tHarmonlc Drive un1t and ball clutch of Fig. 5, 1n_wh1ch '
the ball clutch_lsrd;sconnected.
15 f’ig.. 13 is a c':'ii"éu'it"blcc_k'di'ég':‘-'ém'sn'cswing" the details .
of the delay circuit for géﬁeréting a specified voltage,
pulse generator circuit and;latch circuit shown in.Fig. 1.
'Fig. 14 is a truth.table.of'each logic circuits shown f‘J
in Flg 13. |
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, the present 1pvent10n is descrlbed in detail.with
reference to the drawings. Fig;lz is a front view of an |
example 6f'the-magnetic.basé drili unit to which the,present; |
invention is épplied; Fig. 3 is a right side view of Fig. 2,.'
25 and Fig. 4 is a left side view of Fig:. 2. |

In each figure, a magnetic base 2 and a drill unit 3



(not shown) in its |ower end portion. A bracket 1E is attached to the franme
1 by screw 1F. 10 A cartridge-type oil tank 4 is fixed to the bracket
1E. The cutting lubricant injectedinto the oil tank 4 is introduced drop
by drop through an oil cock 41 and a tube 42 into oil reservoir 31 forned
int he body of the drill unit 3. The oil is=f@& ther introduced through a
t ube 43 into an annular 15 - groove 37 forned in the case of drill unit 3
suppor ing the arbor assenbly 5. The oil introduced into the.annular groove

37 f10Ws out through an oil |ntrodUC|n port 52 bored.in an inner wall_ 51
of the arbor asseﬁ%FyaEtPﬁPS t K8 Pnﬁé’?g‘ﬁalll ghe Grdddppndit s mo‘éelﬂ)pl y

wi ndow 32. 1 or ms. ONEVREREY AP BEVBIFaEERY PYaEAPoRPCRE SR Sl L SR e 101,
The of| it 7 owucePiRRo?bnaeaet pblc PBaF 91 4B rp sl 00 d'#'%"farbor

The drill unit. 3 Lgg éﬁgzgrgcé?g he B‘E‘@El‘ En‘i%”%e%t 91&)1'%% %@ﬁeé}%%uth

rotation of a rotary -9-7a clufch

connected gThe kb chotafsubl bnlg:dtspubbed)! gecieny Wil HACS ! Sfidhrted

5 6 and 12. 6Ais a s Cis agrip. Fig. IS a4 cross-sect|

view along the Z-g£ofi f8tAtisn by thé bdshaRg offi @n aruszqna%ﬂaaﬂyaiﬁef¥ﬁéﬁ
"Harrmonic Drive" (a registered tradenmark) 110 and the ball. clutch 120

shown in Fig . 5 magfietdehbasgues, ahhehaarransmmllsra&ulilt@&- or twist drill

represent the sanme or identical portions.

U (not shown) in its lower end: portion

' A bracket 1E 1s.attached.to the frame 1 by screw 1F.

10 A cartridgé-type'oil tank 4 is fixed to the bracket 1E. The
cutting lubricant injected into the o0il tank 4'is.introduced
drop by drop through an ocil cock 41 and a tube 42 into oil
reservoir 31 formed in thé"body 6f'thé'drill unit 3. The
oil is furthef-introducedathrcugh a-tﬁbe 43 ihto an annular

15 | groove 37 formed in the case of drill unit 3 éupporting
the arbor assembly 5.

The  0il introduced into the;annuiar groove 37 flows out
through an oil. introducing port 52 bored in an inner wall 51
of the arbor assembly 5 into the: inner wall 51, whereby oil

20 supply is ﬁade to the annular cutter fixed to the arbor
assembly 5. A transparent window 32 forms one wall surface
of oil reservoir 31 and which wall is made of glass, resin
or the like for monitoring.the'dropping condition of the o0il
introduced into the: 0il reservoir 31, and 38 is an o0il seal.

25 The drill unit 3 is constructed so that is caused

to rise and fall by rotation of a rotary handle 6 after
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In Figs. 5 and 6, the rotation of the main shaft of 10 the feed notor
101 fixed to a base 1B of the frane 1 is transmtted via a pinion gear 102-
fixed to the output shaft thereof, a spur gear 103, a spur gear 105 fi xed
to the same shaft- 104 as for the spur_gear 103 and a spur gear 106
to a shaft 107 fixed to the spur. geat 106 A reference nunerals 15
141 and 142.are ball bearings supportrng the shaft 104, and 143 and 144
~are ball bearings supporting the shaft 107. 110 is the Harnonic Drive g

enti oneg ghigyen Wil 3. Adidu ) Ul S8BndBESDY HRLTBRLECRY 148 S Syst e

Co., Ltd: rnmoni ¢ ve 110 conprises a wave genera

Wwave genﬁ&@hobebﬁésH%¥Beﬁuiaée5|ﬁ?%ﬁ”ré¥éﬁé&&eat6'f95|aS sgl LA/ §§ 1. 14'
and a circular spline-D 115. ‘The wave generator 111 i'S an ell i psoi dal 5

plate-li g bedyn charal | idnigh 1dighgrsp connected to the shaft 107 and
has.a plurality of wave generator bearings 112 di'sposed 25 on.the outer

periphery therdgfl.. 5 Tse o lovcwd-isw tilchdinsy fewl alehgt yhef ztgethnencithe
outer periphery thereof and is - 10 - elastically deformed so that they
arg cIosEhg.cGntauﬂe@rgJiﬁtﬂsaanubndahgédvu&ewgeﬂefﬂanmohearDmgsellz

Since the flexspline 113 is in engagement  with the circular spline-S 114
and the ¢ar reistepednardemmric) deiranck dthatlpalltbdubch 128hapewaf

fl exspline 113 varies .as the el l'i psoi-dal wave generator 111 rotates. The
circul ar iBpFiges5s 1Im: 28¢h Fiorey cthe:mpnmpembobabessFéash 2nmen
peripheral portion of which is fornmed into a circle, and each of mhlch has
a pIuraIP??rSﬁePéeﬁﬁe same- or". identical. portlons. : _ <

- In'Figs::5 sqdus,-the"rotsthn-qf theﬁmain shsft of
10 the feed-moter loinfixed'to a base.lB'ef ‘the frame 1 is
|  .transmitted via a plnlon gear 102 flxed to the output shaft
thereof a spur gear 103 a spur- gear 105 f;xed to the same
'shaft 104 as for the spur gear 103; and:a spur ‘gear 106 to a
_ . _shaft.;O7.:1xe@“tq tpe-spur”gear_aos,' A reference numerals-"
15 _ ;41,apd*14223re~bal;_ﬁearings;supppgr;qghthe'shaft=104, and
| .143.and 144-are*bsl; besrings;suppcrtingathe.shaft;107.
__110'isrtheaHarmonic DriVeras-mentioned-above. which'is:
oa. reduct;on gear made by Harmonzc Dr1ve Systems Co., Ltd.
‘The. Harmonic Drive 110 compr:ses a: wave generator 111
ZO a wave generstor'peer;ngsal;zﬂ_a,flexspl;ne 113, a circular
spline-s, 114 and a qj.rcrx';er' . spline—D 1.1‘5..
The wave_geherarerrlllejs an-ellipseidsl.plate—like
_ 'bodyrpan;ellipspid)_wbi¢h7isseonnected tO"theashaft 107
and has. a plurali;yreffﬁeve~genersterfbeeringsfllzndisposed
25 " on. the ourer.peripherygtheree:. :Theefiexsp;ine 113 has

a -plurality of teeth;on,thefouter-peripheryvthereof and is.




10 engaging with the teeth of the flexsplene 113. The nunber of the
teeth fornmed in the circular spline-S 114 is larger than that in the |
flexspline 113, and the nunber of the teeth forned in the circular spline- D
115 is the sane as that of flexspline 113. In addition, the circular
spline-S 114 is 15 fixed to the base 1B. ‘Aé@ordlngly, t he nunber of
teeth of circular spline-S 114 is |larger than that of flexspline 113 by two
teeth,”for instance, flexspllne 113 rotates for two teeth relative to

I~ I I
A So since the rMRRTIRITECIREBTRERCoR) FEAF ot ey PRE. éefelwsrcéé%e‘é%é"”
h f fl I 3 h t t
a8 11 oxspl | ne. 113V Fhafh? fn?%%ﬂ#%?ét?%%égﬁe?ﬁ S2gk7 peR§B I‘IIIgnsmt"P Ee

| | hi gh 5 .
Zhgzseﬁ;nfpngﬂﬁe%%’?s*%mﬁZ% s i ehGEYEhLAR hithOrhE cireniar spline-s
spline-D 115. The;{4 of%dafke c11~eaga{-ugbm§hesgcau9nag Ube¥ iBkdl RGte er, the,

engagenent menber 121 are shown in Figs. and 8. -The engagenent ne
consists ofs a cyldnulsé cet ppéicsﬁmﬁa1?1sndaalééaagetﬁalélhbaohh'all Rave
wal |l of the 5 cylindrical portion 121C, a plurality of recessed

portions 122 are gedershter showotaddd A represent nounting holes for
nounting the engagenent nenber 121 on the circular spline-D 115. The outer

wal | of the cylindricdlhepoircobad 241 DhedOs 114t Badenpageseareneibg-shabed
IS supported for rotation by ball bearings 145 and 146 in the main frane
bOdykiﬁ t o whi ch members each inner peripheral portion of which is formed
into a circle, and each of which has a plurality of teeth
10 engaging with the teeth of'the flexsplene 113. The number
of the teeth formed in the circular spline-S 114 is larger
than that in the flexspline 113, and the number of the teeth
formed in the circular spline-D 115 is the same as that.of
flexspline 113. 1In addition, the circular spline-S 114 is
15 fixed to the base 1B.
Accordingly, the number of teeth of circﬁlar spline-S
114 is larger than that of flexspline 113 by two teeth, for:
— instance, flexspline 113 rotates for two teeth relatiVe to
circular spline-S 114 as wave generator 111_rotatés one
20 revolution. Also, since the number of teeth 6f tﬁe circular
spline-D 115 is same as that of flexspline 113, the circular .
spline-D 115 rotates at the same speed as flexspline 113.
That is, the rotation of the shaft 107 is.fransmitted to
circular spline-D 115 with a very high reduction ratio.
25 An engagement ﬁember 121 of the ball clutch 120 is

connected to the circular spline-D 115. The front and



the base IBis fixed. Into the cylindrical portion 121C of the engagenent
menber 121, one end (cylindrical body 124G of a cylindrical clutch shaft
124 supported for rotation by 15 bush 128 relative to the main frame
body |Ais inserted. Fig. 9 is a longitydipal sectional viewof clutch _
shaft 124 Fig. 10 is an X-X cross-sectional view of Fig. 10, and Fig. 11
is a Y-Y cross-sectional view of Fig. 9. “In each figure, in.the one end
124G of the clutch shaft 124, four of 20 first- hole portions 124C gue-
formed ariQuydh {dteidd 1 SdceiGhd1 18fenk 89Ushel BhI wabnen(tatme%@y 9 in

regard to the center axis of the clutch shaft 124) so that they are passing
bet ween a@ﬁdngﬁoﬁﬁwfh]ﬁxggpfz andegatively Iarge dianeter and its outer

surface 124B, and fiour of second hole portions 25 .= 124E are forned at
equal interval SThe téngagbmémﬂmewéromanheohsusltsholfeapmmra-ﬂo’éﬂp The
first and-second hol e’ -12- portions 124C'and 124E form an angle of 45

rel ati ve pontiorcRiC and saoflahgecliBh sliaf thé24nnemwalds.of @l 6, the
second hol e* portions 124E are not shown since they are hidden by clutch
ring 125\Mmlﬂndmiqalquntxnmbbalmaterplnnaanmwroﬁorecggﬁedupnnquns

di aneter snmaller than the inner bore 124A'is forned in the center portlon
of the cl d&®h apmfformed RS (FROWY- tolknésrepseaﬁatamoaﬂmmemw tfoe
having a clutch ring 125 attached to the front end thereof is inserted into
 the cl ut cMeyFing QKFQQEHeW?EFCW%PEﬁrrFﬁé epsthe EP&&H&%&tﬁﬂ#ﬂ%@ﬁPlnner
bore 124A (g t he cIutch shaft 124 Around the cIutch rlng 125, first and

_Tne.outer wellepfithe{cvlindpicalﬁpo:tion 121C of j‘J-'
10 the engagement_member 121sie stpbfted:for rotetionlby:ball.fl:
o bearinge_14§,andf1§5_;n_the“naian;e@etpqdyelA'to.whiCh
_the'bese'iB ie fized. Into the'eylindfieal'portion 121C of . .
the engagement member 121, one end (cyllndrlcal body 124G) |
of a cvllndr1cal clutch shaft 124 supported for rotat1on by
15 'bush 128 relative to the main frame,quy;lA is inserted.
- Fig. 9 is a ldngitudinal:sectiqnal Qiewyof clutch shaft
124' Fig" 10 1s an X-X cross-sect:onal vzew of. Fig. 10, andi
Fig 11 . is a Y-¥ cross- sect;onal view of F;g. 9--5In eachf _\‘Jt-~
figure, in the one end-1z4e.qf the ¢lutch shaft.124,.fpuriof"
20 | first hole portions_1246_aretfo:med"atound;the'clutch_shaft .
| 124 at eQual:intervels.(et:everngof:in_regardttoIthe.center‘e
axis ot the;clutch,snaft'124)fsoithatgthéy;a;e paséing:
between an inner:bore.124A.ofia,reiativelv-iarge,diameter
and its outer surfa¢e'124B, and;fpnr b:~second_ho1e portions -
25 124E are formed at equal intervals,With-a_diStancegW_fromil

the.firet-hcleuportions 124cC. The;figst“andﬁsecond;hdle -



second annul ar grooves 125A and 125B are provided.  The distance between
the first annul ar groove 125A and the second annul ar groove 125B is the
sane. as the distance Whetween the. first hole portions 124C and the
second hol e portiong 124E (Fig. 9). Balls 123 are. placed in each of the
first and the second hol e portions 124C and 124F. |If the first and the
second hol e portions 124C and 124E are opposite to the first and second
annul af, grooves 125A and 125B of clutch ring 125, respectively, as shown in
Fig. x'12, the balls 123 fall in the first and second annul ar grooves 125A

and 125B (herei iaddefodd) 240 THNd | DI4E SEd:ah Sl Can aéfch'?:t Yl ve tcBUéhe

If the first and second annul ar grooves 125A and 258 of the clutch rin

125 are not opp&anteX oaghd 9% sEhenFlukehs IRARE ndRd - porkt Fkga 248
- 13 - 124E, thahed seddnd tole rportivhs L1 B esapednbel shpan! isdirel AKew ﬂﬁire

Farger than t hduiddaa B Rgedh 4 tﬁiﬁaﬂ%”%“%ﬁ@vé§5§é‘%&ﬂaeq%%m”
shgvvn irn_ Fi '?s f,' t he t?a’ilsnﬁég hoe:cepr.’i%mdhbytlngeal a%metb:anmz.lpgrttlmm
2ggaggdo{metch recgehgsnedggo:??il%*e E?gg q'fsofﬁrr’s:ggln {}Eefljéylé:ér}lﬁél@aé é%})?él%ﬁethe

121C of engagensdutadnishatti 2hi24hereinafter this condition is referred to

as clutch-on). This al |%fﬂh§1d°‘t%“?ﬂg§t téleaﬁaaﬁrreéﬁ TNy SRAfEO Poe

transmtted to the clutch shaf.t n the_case that inner s aft 126
is moved (in aving a clutch r:.ng I—leise attached to the front end thereof

is inserted into the clutch shaft 124 so that the clutch
ring 125 is placed within the. inner bore 124A of the
clutch shaft 124. Around the clutch ring 125, first and.
second annular grooves 125A and 125B are provided. The
‘distance  between the first annular groove 125A and the

o/

second annular groove 125B is the same as the distance W
between the first hole portions 124C and the second hole
portions 124E (Fig. 9). Balls 123 are placed- in each of
the first and the second hole portions 124C and 124E.

If the first and the second hole poj:tions 124C and
124E are opposite to the first and second annular grooves
125A and 125B of clutch ring 125, respectively, as shown
in Fig. 12, the balls 123 fall in the first and second

W, annular grooves 125A and 125B (hereinafter this condition
is referred to as clutch-off). But, if the first and
second annular grooves 125A and 125B of the clutch ring
125 are not. opposite to the first and the second hole
portions 124C and



the direction opposite to that of arrow V of Fig. 12) so that the clutch
condition changes from Fig .. 12 to Fig. 6 if the balls 123 do not :
successfully go into the recessed portions 123 a spring 127 is
conpressed and only the cluteh ring 25 mai ntains in the state of

Fig. 12. Thereafter, if the clutch s% 124 is rotated a little, for

i nstance, by the. operation of the rotary handl e 6, the balls 123 go in
the recessed portions 122 and the clutch ring 125 is put in the -clutch-on
condition_shown in Fig 6 by the repulsive force of the spring 127. In The
present &Rt that 18, df stheysbieat: pad the sesondpdiake opovtions dril |

unit 3 ledcheanadafe hake WHgdditd Staerhy Bskrtioh he sl amer dy {-.8¥xat on
of the feed. 101, as des ribéed |a ier with reference to Fig & _
14 - . ret GFRS ﬂiggufiﬁﬁhﬁ fn ﬁﬁqqqeqnl?rgeﬁfﬁéaqrﬁp?eﬁ#Fﬁﬁhﬂﬂﬂcﬁhﬁhe hol e

cutting secpad’ oammuil Ay gheovesewgsxcmnﬂlamsﬁ a@eshaeﬂ i orig0lg,and. as

K the hall .clutch 120
2o;ﬁzgte Ea %’%{’? %Eﬁa'ﬁ@ Zé%?gsgcw uléahrgw;?ﬁ?ﬁ Dz ﬁceg"uaﬁg?; +89|ersel y
rot at ed. anfe . EméeC‘éﬁd fron hdhel LeukerhFurfaoe | iZéBnrmﬁt ¢het ochutehdl e
hol der nerRet 134 Do b EnéaﬁedAwll‘tﬁg M@ss]e%fcpﬁftﬂé ¥i 4o 1 poLheyi nner

shaft 126 in erted into-th utch shaft 124 so at -the ‘axial novenent
thereof #& rfh® pfatdRdricgl. poxkion 1R4C)Hiaf 18pgagement| mesbeashal21124 and

t he handtheheh.dalfterrrhﬂfisl?dom&m eﬂsb)téﬂéi'ﬁd‘ €82 agonelitieh£on j he shaft
! LBtp at 'tg-g 20 ils [ OhE volaE G FHE %%rgﬂg%m%%l@e;.em”ﬁg‘se&z?lté? o
e-transmltted to. the clutch shaft 124._ o : : -
Here, ln the case that inner shaft 126 is ‘moved (in L
the dlrectlon opposlte to that of arrow V. of Flg 12) so
that the clutch condltion changes from Fig. 12 to. Flg. 6.,

_ lf the balls 123 do not successfully go into the recessed.
'portlons _123,_ a sprxng 127 is. compressed and. only the -
clutch _rlng 125 malntalns ln the state. of ~Fig. 12.

. Thereafter, if ‘the- clutch shaft 124 is: rotated a little,
_for lnstance, by the operatlon of the rotary handle 6, the
balls 123 go Ln the recessed portlons 122, and the clutch:

~ ring 125 is put 1n the. clutch-on condltion shown 1n Flg. 6
:by the repulsive force of the sprlng 127. _ : N _
_ In the present emhod:.ment, .'Lf it J.s assumed that. \J
the feed.operatlon of the drill. unit 3 in the made of hole =
_'cuttlng zs performed by the forward rotation of the: feed.
| motor 101 as . descrlbed later w1th reference to Fig. 1, the



respect to the main frane. body 1A 15 In the inner shaft 126, a
first and a second annul ar grooves 126A and 126B are forned. A ball 135 is
| ocated in the handl e hol der menber 131. The ball 135 is biased to the

i nner shaft 126 side by a spring 136 to be engaged with one of the first
and second annul ar grooves 126A and 126B. 20- 14 - Specifically, the
positions where the first and the second annul ar grooves 126A and 126B are
formeti™and the position where the ball 135 is placed are predeterni ned so
that tfie ball 135 engages with the first annular groove 126A if the clutch

i s connected as sRBRRTRnOpPHetisnsRE sheymmid Lynit 3 @f ven |thessrerpinakion
w th the second annpul ar grgove 126B if ‘the inner shaft 126 is noved in the
direction of arro®fV ﬁﬁ ole ¢ytripg,is;performed: Y, SNF FEYRTRS &PtRtion of
shown in Fig. 12. _Jhe_shaft 6A_haxin iR 6C I rQvided in.the handle .
holderlnenggr 13148 F%gﬁ PPQPFeZp9'3F38l§Sa o&%ﬁgﬁhélgi ?ﬁﬂer,&§§ﬁﬁﬂ&?%%Pn
Fig. 3, three sha r vi,ded..LR 15 hi,S Ae : jectiqn 6B
isgforned in the %%%E?Agﬁdgggagagﬂgsﬁgpe 8&Pt°%hé%8r?%ﬂ@%?%ﬁégﬁkfg%gﬁdﬁgga

with an anngl ar géggﬂ@é?GPi%E?Eg?CFBﬁ g-pl ‘i%g‘;ikh%li?%'@fevgi%fi efo@aécyed.

opposite to . the si 0o whic utch ring 1 s 1

this engagenment, if thenghgthebAehd BEVQthCQhQ%BQsh%&tph941%% Lol tdd o
grip 6C changes fromthe state shown by a solid line in Fig. 5 to the state

shown by an imagi #ahynblecholferi Mefibeghalll bY6apyas 132.t ha digRetidie of26c
the arrow V, the engagenent of the ball 135 :
U is provided in the inner shaft 126 inserted into the clutch
shaft 124 so that the axial movement thereof is not prevent-
10 ed by the pin 132. The clutch shaft 124 and the handie
holder member 131 connected by the pin 132 constitutes
the shaft (rotating shaft) of rotary handle 6. The handle
holder member 131 is suppbrted by bush 133 for'rotation with
respect to the main'frame.body 1A.
15 In the inner shaft 126, a first and a secobd annular
grooves 126A-and 126B are formed. A ball 135 is located
in the handle holder member 131. The ball 135 is biased to
the inner shaft 126 side by a spfing 136 to be engaged with
one of the first and second annular grooves 126A and 126B.
20 Specifically, the posifions where the first and the
second annular grooves 126A and.IZGB are formed and the
position where the ball 135 is placed are predetermined so
that the ball 135 engages with the firsf'annular groove 126A
if the clutch is connected as shown. in Figs. 5 and 6, while
25 the ball 135 engages with the secohd annular groové 1263_if

the inner shaft 126 is moved in the direction of arrow V in



15 noves fromthe first annular groove 126A to the second annul ar
groove 126B, and the clutch is disconnected. Then, if the shaft 6A is.
returned fromthe above described state to that of the solid line, the
clutch is again connected. By the SEIECHIVE engagenment of the ball 135 with
t he 20 first annul ar groove 126A or the second annul ar groove 126B, the
connection/ di sconnecti on operation of the clutch is held positively. In.
"Figs. 5and 9, 137 is a blind patch, 138 is a screw for fixing the bliqgi
board 137,rpgd 424fai 61dtBhniendiecendedted asOBHdWh dnitedyshadt 124. ~ The
pi nion 124F is-in engagenment with a rack 3A of the“drill unit 3 whichis
~slidably - 1Phe ahafich6d havangourlipi I6CYrieoprokidedt nidl tie tgndbén

frame body 1A, Therefore, if the ball ‘clutch 120 i's di sconnected and the
rotary haritbkdérisembent 281 sbetdamlhtuﬁweeawwpmﬁotsuafcund tiye asinrdi ng
to the rotation of the handle 6, and 5 i f the ball clutch 120 is
connect ed B3t thbeebdwnDuurFigl Bs eheeglaaafHSNSAhaﬂé proptided in
: autonatlcally'rlses and fall's. 1C represents a cover of the frame 1. Now,

t he &ont r cthx9 %ﬁamhéenagnetlc base drill wunit is described. Fig. 1 is a

bl ock di agramof an enbodi ment of 10 = - the present i nventi on. "‘Synbol s 598

and 599 are theAﬁBE%33§EbBPy5§ePﬁ1ﬁﬁF@eéf1Phéhﬁnﬁ4Q§qeﬁnQﬁoﬁrﬁ?%%gnetlc
base drill d%% %6 switch 501 has two contacts, -.that a first
cont act 5Paht sec‘B 5 EBH%’QEF‘SMsBaPr& ﬂ?@aﬁerdstw%taébtawq% 15

cl osed by’éJ%EJérféaﬁtﬁgrkgétznotﬁt'°” %p%%a%h%Pi%%é% shaft 126

OppOSlte to the szde to whzch the. clutch ring 125 1s
io | attached By thls engagement, 1f the shaft 6A is plvoted
| around the p1n 134 so that the gr1p GC changes from the
state shown by a solld line 1n Flg. sjto_the5state shown
-by anm;maglnary llne, the-znnerashaft 125;m°Y?$¢;9 the
direction of the-arrbw V the'engagement'of the ball 135
15 moves from the flrst annular groove 126A to the second
| annular groove 1263 and the clutch is dlsconnected Then,
if the_shaft_GA_;s returned:from_the above.descrlbed state
_to that of the solid line, the.clutchtis again:connected. "\i'
By tha:selectlvetengagenent'of;tne ball_l35_with the
20 first annularhgroove-126Alor.the;secqndlannular.groove 12553f
the ¢03999ti§n/di$§§nnecti°nlopeFEfiéﬁ_Of]the clutch is held
positively. e |
In Figs. 5 and 9, 137 is a blind patch, 138 is a screﬁ
_for f1x1ng the bllnd board 137 and 124F is . a p1nzon formed
25_ on the:clutch”shaft:124;:_Theiplnxon 124F;is-1n engagement_".

with a rack 3A of the drill unit 3 which is. slidably



controller 501A (Fig. 4) and the first and the second contact 503 and 504
are closed on by the second-step operation. Wen the first contact 503 is
cl osed, an el ectromagnet 506 is excited, and a drill notor 515 and 20 a
feed nmotor 101 rotate when the second contact 504 is closed. The feed notor
101 is a d.c. motor and the drill notor 515 Fs1&n-a.c. notor. The pair of
input termnals of bridge rectifier 505 are connected to the first contact
503 afid the input terninal 25 509, respectively. The pair of output
term mdl s of the bridge rectifier 505 are connected to the coil of the -
17 - el ect r omagne®t586hBAOFPIBIARVERRA Lt HEORNENAD fopmed in the majp frame

I nal f - vol i it .50 . d tq the fi
contact 503 throuBiOR dPode HHAREOFBe; 3foPPeaRR LN EIRTSR 160: i Aissepnected
The output termnal ,5 . of the constapt-yoltage .cireuit 3047 is .conpected

P81 58y Rt Rt BRARAP o1t TPRPSOS & OFeSrand: i3 ahd pee
| Pght em 11 ng di g #lids bg XBL sa-s{ge&sn%ﬁevgf;&ggqa 15 4 LGl s, ana
508 upon receiﬁ? of %e ) ugpué o? he "const ant-vaoltage circd% éﬁ%,’ an
periodical ly out piESeaePPLse éQFtcgf !tﬁht i‘gecBBn%cF&'éﬁg%iﬁr @k@e%e%@o'ﬂ&r%gg 1

the non-inverted Thput termna e conpar at or r ési st or

and a variable resssgpergife@Onenet 8¢i110 AR%LCS %ESO&QQQ%EHQ@'Q%E%%?%nér“f

first contact 503 and the input termnal. 599 node of "the resistor

509 and the vari aph£15¢si $t0FepRlséits a LOVELNBECHEd Feamae 1i,nverted
I nput term nal of the conparator 511.

O Now, the controller of the magnetic base drill unit is
described. Fig. 1 is a block diagram of an embodiment of
10 the present invention.
Symbols 598 and 599 are the power supply terminals of
the controller of the magnetic base drill unit. A main
switch 501 has: two contacts, that is, a first contact 503
and a second contact 504, and the first contact 503 is
15 closed by the first-step léft rotation operation of a
controller 501A (Fig. 4) and the first and the second
contact 503 and 504 are closed on by the second-step
operation. When the first contact 503 is closed, an-
electromagnet 506 is excited, and a drill motor 515 and
20 a feed motor 101 rotate when the second contact 504 is
closed. The feed motor 101 is a d.c. motor and the drill
motor 515 is an a.c. motor.
The pair of input: terminals of bridge rectifier 505 are
connected to the first contact 503 and the input terminal
25. 509, respectively. The pair of output terminals of the

bridge rectifier 505 are connected to the coil of the



The potential at the inverted input term nal of the conparator 511 is
determ ned by the resistance values of the resistor 509 and the variable,
resistor 510, and:the voltage 20 of a.c. power supply 500. Accordingly,
if the resistance values of the resisLo% 509 and the variable resistor 510
and the output voltage of the pulse re &rence voltage are preset so
thatthe potential of the inverted input terminal of the conparator 511 is
hi gher than the output voltage of 25 . t he pul se reference voltage oqu

uhen the y _'é@&%ﬁi%@e_f 5@@‘6‘€£o?5'3ﬁ5yw§@91n' ¥l BREhe 1N Y Sflet e M Ned

vol t age, out e conparator.’ econes a l'ow | evel “and

the |ight 19/ tidgioe de&ma&éﬁslbshascaﬁgeaalceeamagsehetﬁeruﬁr g0i @y pul se
is output fromthe pulse reference voltage, 'if the output voltage of the

a.c. powelconHylvedOtb lsnén PesttbonthAct 508hehpbeds! of mieerd \Wid age.

the voltage of the a.c. power 'supply 500 is |ess than the predetern1ned
vol tage, tesisgid, cmdtting impde: SéﬁmnaanEBBQUIThﬁddﬂﬁﬂhﬁiﬂhﬂﬁﬁhaﬁ

out put fromthe pul se reference vol tage generator 508.- That is, the |i ght
em 6ting d:ﬁodmesxﬁntmm—vdbtage circudtp&Di ds cnpmecttednumlan of a
transformer 514 ‘are connected to the second contact. 504 and the power .
suppl y i newtpudr riexmisebs ‘@f oai tomparatos1511i shrongbcedesistor Sk ond
contact 504 and the input :terninal 599 t hrough.a b-contact 547 of a main
rel ay 546ank-@r light emitting-digde 518er ndr puéee gerersnee yoldiage
dependi ng on the current flowing in the drill notor 515. The out put

- terninal s genanALan g Her5eda. ‘&P%ncﬁﬁﬁﬁéPEd"Fotﬁep&“rtpé‘ft iAfpkhe er m\:}l s

_constant-voltage c;rcult 507 perlodlcallv outputs a pulse
10 voltage.of a predetermzned amp;;tyde.to thejnopf;nvertedg
inpu;_terminalﬁef;tpegcompérgtorﬁgllée;A ;esistOr“scg and.
a;verieble.resistog?S}Oicennected“in series}areuconnected
bexweeh;fhe firet*cpptact"5031andifheeinpﬁt;ferminal.599.'
The;node-of-thelresisth-SOQQand?the:veriabie~resistcr 510
15 _ is.connecged;te theuinvertedhinputgtefminal.Of'the~
comparator.511._ | |

The.potentzal at the 1nverted input termlnal of the

' comparator 511 is determ;ned by the reszstance values of - the\“J_

resistor 509 and ‘the: varlable res1stor 510, and the voltage
20 of a.c. power ‘supply 500. ancco:d;ngly,.lj-the reeietance;_

. values?of ;he res;stor.sog'and;the~yariable.resietor 510,
and the output éoltage efefheupuise-retefence:veltage éré"
preset so ﬁhat,theepotential Qfefheﬁiﬁyefted,input.termiﬁal
of:the.compa:atpr'511:is;h;ghe:-than:thejaufpur_vbltage of

25 the.pulse7referen¢efveltage'enly_when:theqveltage-of a.c.

power supply'scﬂfis.h;gher.than_a:p:e@eie:minedﬂvoltage, thé-



of a bridge rectifier 517. The output termnal of the rectifier is

comnected to a constant voltage circuit 518. 20 The output of the CT

516 is supplied to a full-wave rectifi- cation circuit 520 and a hal f -wave
rectification circuit 521 through a | owpass filter 519. The volt ages

output fromthe full-wave rectification circhi 88520 and the hal f-wave
rectification circuit 512 have vol tage val ues dependi ng on 25 t he

current flowing in the drill notor 515, respectively. The output signal

line Of the hal f-wave rec ifhcation - 18 - ﬁircuit 52&. ia coqnected to
the inverted i npu?tRYHi R P8 CEBRBRRLOE, 213489C8BES, Ry 185 14YF 1 ARG (Fhe
non-inverted inpuj, rm . X - t oL 7. Val.t.age Lvi din

nodes C, D, E andiig%? %%?§£%§§o§‘§§§p§ﬁﬁc25nggoﬁsPsagéﬁsghSfdé%ﬁ%P- i or not
voltage circuit @%ﬁy cogn t e Nx| r ' e S

t he conparators 554, %§%§3n8§5§§?ﬁggsggégi§§Fy?hg%§ %%thgﬂgkvgﬁ?gé@ﬁhpd%fthe

termnal of the copPRaRtL61tagE: of! fcn%hst.ﬁm-sa&'ée' SupbiiheoBodes ngghlar Bhan

and F are assuned to be c, d, e and ere I's a refationship
equation (gl) be¢neePreddeePmihedi vbivageDot ¢8t kBbSvoltagedor @n2g &.%.0power

[V ... (1) Light emtting diodes 558 - 561 are connected to the output
lines of the respagple SO0Pasaless bhdn- thé/préaeuebméaeEevdAR@ged the light
resistors. Accordi ngly, when the current of the drill notor 515 becones

substantial |y zerembuting h@¢iodet U8 ¥sl érgengaisheliewhbal &- palee is output

rectification circuit 521 is smaller than the potential f ~only the
_ from the pulse reference voltage generator 508. That is,

~ the light emitting diode 513 blinks.

10 - A bair of input terminals of a transformer 514 are
connected to the second contact 504 and the power supply-
input.terminal 599. A drill motor 515.is connected to
the;secoﬁd contact 504 and the input terminal 599 through
é b-contact 547 of a main relay 546. A CT (current trans-

15 - former) 516 generates a voltage depending on the current

- flowing in the drill motor 515. The output terminals of the
transformer 5144are_conhected to a pair of input terminals
of a bridge rectifier 517. The output terminal of the
redtifier.is connected to a constant voltage circuit 518.

20 The output of the CT 516 is supplied to a full-wave rectifi-
.cation circuit.520 énd_a half-wave rectification circuit 521
through a low-pass filter 519. The voltages output from
the full-wave rectification circuit 520 and the half-wave
rectification circuit 512 have voltage values depending on.

25 the current flowing in the drill motor 515, respectively.

The output signal line of the half-wave rectification



light emtting diode 561 lights . |If the |load inposed on the drill

nmotor 515 is light, the current value of the drill notor. 515 is small,
and the out put voltage of the half -wave rectification circuit 521 exceeds -
the potential e and the snaller than_ then only the light emtting diode
560 |ights. Simlarly, if the loa I's somewhat heavy, the current
value. of the drill nmotor 515. is somewhat |arge, and. the out put

vol t age of the hal f-wave rectification circuit 521 has exceeded the v,
potenti al thnﬁgillght em tting diode 559I|ghts as well. If the = -
20 - | oad®*E C\'I‘é'%y vyiS tFRARRCted t, the oinvasted: iinputoi tersisals very

| arge, anoft leomparatoys! sage 58 hanaalsfswvaaadre@él theat AOA EhveptEqs21
has exceeﬁl_(ﬁ tthe %%hei\%? % t hen t he I%_g gg}Gttl n | ode 558 al so :
addi ti ona § gt d Pe fi gRPMBRAFE de 5BOLFRER; sdivhdingght
em tting apdée 561 D, léxandngm sifed flésaistoz; 550 whibh 4B tgowsrst opg 561
Is a stop di E | en 515, stops,.
and the ||t§’%t g?nﬁ%?igﬁg 5{31(}‘,55% é:q'@%lé%'nar e‘ghcurrgntég@éft?%dlt@aﬁhﬁ LED s
whi ch seqBERCAAVEFtedgHinRip charminaist laf vthee afmparators e554f,1 09689 i n

e Séhkéigaﬁsﬂﬁ”:ﬁ%?%%%‘;%f 2 6" $hanihlcRa) drli [BekLRE] D7,
4

b- cont act hg; GAmMPaRALeL s48father Patantiaka gbvehesmosdes t@f ni nal
599 throuph & tandcF5@fre Tagstmedc ta8he scyor, okl addbye A eRekeOlissignal

out put relationship of. equatJ.on (1) _b_etwe_en__.: these _individual
potentials. o ' '
c>d>e>f>0(V] (1) .
_ 'Light. emitting diodes 558 561 are connected to
the output llnes of the respective comparators 554 - 557
through corresponding resistors. Accordingly i when the: .
' current of ‘the drill motor 515 becomes substantlally zZero
and the. output ~voltage  of the half-wave -rectification
cJ.rqu.t 521 is smaller than the potential f, only the
'lz.ght em:.tt:l.ng diode 561 lJ.ghts. - If the 1oad imposed:- on. -
the drill motor 515 is lJ.ght, ‘the- current value of the. .
dr:.ll motor 515 is small, and the output voltage of- the'

__ __half-wave rect:.ficat:.on cu:cu:.t 521 .exceeds. . the ‘potential
e and. the smaller than d, then only the lJ.ght emltting' '\
diode 560 - “lights. Similarly, if the’ load is somewhat
heavy, the current -value of - the drill motor 515 is
somewhat large, and the. output voltage of the half-wave
'rect:.ficat:.on c.u:cu:l.t 521 has exceeded the potent:.al d,

- then the light em:.tt:.ng diode 559 lights as well. If the




froma firing pulse generator circuit 581 which will. be. described |ater.
The output lines of the bridge rectifier 582 are connected to the feed
notor 101 through a pair of contacts 583 of a polarity inversion relay 534.
The pair of contacts 583 controls the rotational direction of the feed.
notor 101 so that the drill unit 3 normally 3@lls down, but it rises up
only when the polarity of the output voltage of the bridge rectifier 582 is
reversed. The firing pul se generator circuit. 581 is connected to the input
a .c. Yermnal 599 and.the second contact 504 - 21 - through the

b-contact 547 g LE 0GrRURGMANLAL CLueLERY vaiith COP! ERkS dNOL itor

585 in respons the potentia led to 1ts control termn
output signal |iTES % VAEYf dBrgRavandhe utpel wltageef theshalfswave:

connected to therddWeficsbidpUbirebiitnad20f hasli dk@asddd altHd I poitbn?3dl &)
output line of a feed rate irlﬁfgﬁrence,vol,t age gener at cir

uirt 522.1s
connected to norEh§hyetied E t emitEdng,f &i erﬁf%ﬁ’ c?&%ﬁ’ﬁ%°§?%h’
The potenti al . olkiglits s onwhea fidest Ndight cémiendiagvadiode BB0 lightsratthe

Chr oot a2 SR i AR 1 O Sl i oL
signal of the different¥hat cisguith®2lighta emitingt dibdei g9kl dist arnesitoy
From the. oot pur IR SIOTR Dbt il inu Sat ok S0P e 1P
522, the output SHORfd and tthe dight amiting (dipdes2358s~s360 axe (grrrent
curr e& val ue ofidvifl dihdica®ifg LED's which sequentially light depending
' on the value of the current flowing in the drill motor
515. o |
A pair of input terminals of a bridge rectifier 582
are connected to the second contact 504 of the main switch
501 through the b-contact 547 of the main relay 546 and to
the input power supply terminal 599 through a triac 585.
The triac 585  is controlled by a control signal output
from a firing pulsé. generator circuit 581 which will be
described later. The output lines of the bridge rectifier
582 are connected to the feed motor 101 through a pair of
contacts 583 of a polarity inversion relay 534. The pair
of contacts 583 controls the rotational direction of the
\_/ feed motor 101 so that the drill unit 3 normally falls
down, but it rises up only when the polarity of the output
voltage of the bridge rectifier 582 is reversed.
The firing pulse generator circuit 581 is connected
to the input a.c. terminal 599 and the second contact 504



515 is large, that is, the load of the drill notor 515 is large and
conversely, it is large if the current value of 20 the drill notor 515
is small , that is, the oad of the drill notor 515 is small. The output
signal line of the differ- ential circupy 523 is connected to the negative:
output -term nal of the constant-voltage circuit 518 through a resistor 571
and a variable resistor 572 which are connected 25 in series. . The node
J of the resistor 571 and the variable resistor 572 is connected to th
control tetmowdh 58\ bfcontac®2547t heTher figipng palgengearisratoy cuit 581
through a contact 580 of a fast-return voltage appl ying. relay 532 which
will be desigrawictd 58t erontrote thentriaor5§8568n- réspomse dfd whe i ng t he -
normal hol e cutting -work ‘as described |ater, the firi'ng pul se- generator
circuit 5PPUentimt rappbiedctor ifagcentrad. erminadl 581A-he out put si gna

of the differential circuit 523, That is, - if the load of the drill notor
515 is rel ati.veiRe @ ERUt tHigRakbines of othei Sid lowayee messd fimaticm] -
becormes snal|. and the falling %cg$ed of ‘the dritl -unit 3 becomes | ow, and.

i nvér sel y S¥nCUHe 53Q 418 gFOR q| Fonbhey ipysriteds Pt tq?é'”ﬁ‘d"fﬁa]ero%f
rotations of ¢t f eed tor 101 b mes | arge and the f S eed of the
T ons e SR It Ol O P8 TE S A ol R 11, 0 ' b ks

half-mave r tlflcatl

Lar m nal < TR Yol uabcaterater SREFEHTE PRcAeoaoRbTed %ﬂf rff

a Conparﬁﬁwerégy'lnpdt'termlnal of the d1fferent1al czrcuzt 523,
The potentlal output from the feed rate reference voltage
10 generator c1rcu1t 522 is preset at a value bezng larger than
":the maxlmum output potentlal of the full—wave rectzf;catlon
clrcult 520 : Slnce the output s;gnal .of the dlfferentlal
c1rcu1t 523 1s a dlfferential signal obtalned bv subtracting;t'
the output s;gnal of the full—wave rect1f1catlon clrcuzt SZOJH
15 from the output s:gnal of the - feed- rate reference voltage
’generator circuit 522 the output szgnal of the dlfferentlal
':'clrcult 523 is small 1f the current value of the drlll motorﬂp
515 is ‘large, that ‘is, the load of the dr:.ll motor 515 is
-large,-and converSely, 1t 1s large if the current value of
20  the drill motor 515 is small that 1s, the load of the drill
motor_SlS_;s,small The output signal llne of the differ-
ential circuit §23 is connected to,the_negatlve output
terminal of_the-conetant-voltage:Circuit 518 through a
resistor 571 and:a variahle reeietor:5§2.ﬁhich are -connected
25 in series. ihe'node.J of the reSistor 571.and:the variahle

resistor 572 is connected to thethntrol terminal 581A of



respective voltage dividing nodes G Hand | of a resistor 564 connect ed
bet ween t he out put l'ine of the constant-voltage <circuit 518
and the common line are connected to the inverted input termnals
of the conparators 565 and 566 and to the non-inverted input term nal of
the conparator 567. |If it is supposed that BRe-potentials of the nodes G

Hand | are g, h and i, respectively, there is a relationship of equation
(2) bgfmeen t hese respectlve potenti al s. -23-g>h>i >01([v]...(2)
The oUt'put |ines of the individual conparators 565 - 567 are connected to

the based of thethéarﬁlﬁh@r @ﬁé’e géﬁ@rafé§p%(¥z‘d@ﬁ’ 581 hEhEBhbheré ebnthet
respective transj 570 are connected to the negﬁnlve out put

termnal of the Egh %nﬁ'ﬁﬂqﬁnﬁ?qﬂqqnﬂq tage ABRLYING o rehaYcaArpHhiFRewill

The coll ectors opetdestribedslatser570 and 569 are connected. to one
termnal of a normally gl d in 75 t ugh_a 73 and
resi stor 574, respectivéf‘@sg T%égﬁf} %oﬁﬂ% t or g¥ﬁ%h3 ?réﬁ@?st s
directly connectrdrmalsdicleoneuttingnalon¥ asstdespmibiedhlatér, Tihe oﬁﬂleﬁ.ng
term nal of the c e d d s g f
DEBks geﬁg&afipr 2i2chl st UHIPH LA OP18 Gedori®h: £b! the

the | oad applie nDtor 5 I'S very e curr
val ue of the driPPteptdalsaf thejgutputysignadaiaf ithe diffexentialpeisenit

initiation of thgahole 'Eli&ﬁ' Bg ,byifhepl i hbadt N8R td¥fe OWlayl pﬂB‘EBi-' a19f is
the hal f- wave recfificatio circuit 521 is lower_than i and the transistor

570 turns on. A&® ﬁElY% | tlakgfy p&henipypber of rotations of the feed
motor 101 becomes small and the falling speed of the drill

unit 3 becomes low, and inversely, if the 1load of the
drill motor 515 is small, the number of rotations of the
feed motor 101 becomes large and the falling speed of the
drill unit 3 becomes high.

The output signal line of the half-wave

-/

ectlflcatlon circuit 521 1is connected to non-inverted
input terminals of comparators 565 and 566 and to a
inverted input terminal of a comparator 567. The
respective voltage dividing nodes G, H and I of a resistor
564 connected  between the output line of the
constant-voltage circuit 518 and the common 1line are
connected to the inverted input terminals of the
W comparators 565 and 566 and to the non-inverted input
terminal of the comparator 567. If it is supposed that
the potentials of the nodes G, H and I are g, h and i,
respectively, there is a relationship of equation (2)
between these respective potentials.



of the node J decreases by the forward vol tage drop of 20 - the diode
573. That is, in the no-load condition after the rotation of the drill has.
been initiated, and before the hole cutting is actually started to a
wor kpi ece, the diode 573 functions as_a,gonstant-current elenment and the

potential of control terminal 581A goes down, whereby 25 the vol tage
supplied to the feed notor 101 is reduced and. t he nunber of rotations of
the feed notor 101 decreases. - 24 - In other words, the feed rate 01#

the drill unit @ begopes Lom/(§P0m1§§qrt) If the hole cutting is
initiated, the load of the drill notor 515 becones | arge, and t he out put

~potential  of thEh@aoﬁtpaveliﬂeslBEC@heoﬂnahhﬁdmbl5%%dﬁaﬂﬁ gggn.i and
| ower -than h, then all of the transistors 568 - 570 turn off. Wth this,

t he potemﬁﬁﬂ afe téenmedted to the baspdt ofolthega reinglisferegddl - cdfEui t
523 divided by the resistor 571 and the variable resistor 572, and as
previ ousl yrearaetivelvi heTheagmdttehs dflkheWWEspeﬁﬂive;ﬂrdnﬁismﬁﬁslarge,'
the nunber_ of rotations of the feed notor 101.is snmall and.theé falling:
sped@d of t3RB8 d1i370 \ave comeeered Saathe negatdyevendgiut termivml astl of
the drill nDtor 515 is relatively small, the nunber of rotations of the
feed notor hﬂ)f?‘?‘f%ﬁ"@ VehtRrgPCLEFIi Hig5Bechanrlyndadriie aawmon sline.
relatlvel r |f the lpad of the drill notor 515 becones | arge o
because of (éb%%ﬁ?]?%ﬁn t?%rt¥ﬂ3§AﬁE€rsa5BQ|?quﬁﬁanqu(ﬂqnnFQtedhe

drilt Edg%o 4 ch:art%lna IuEe Oﬂoz‘?&‘éi’fy closed test:.ng sw1tch 575
through a diode 573 and a resistor 5174, respectively The &“ﬁ
10_ collector of the trans;stor 568 is dlrectly connected to
said one termlnal of testlng sw1tch 575 The other termlnalt
of the testing sw1tch 575 . is connected to the node J. |
_ Here, if the load applled on the dr;ll motor 515 is
very light and the. current value of the drlll motor 515 is
15 fvery small in case, such as before'1n1t1at1on-of the hole
cutting by the drill then the output potent:al of the half= -
wave. rectlflcatlon circuit 521 is. lower than 1 ‘and the
trans1stor 570 turns ‘on, As the result the potentlal _*ﬁ’
.of the node J decreases by the forward voltage drop of
20 the_dlode 573. That is, in the no-load condition after -
the rotation of thesdrill has been initiated, andtbefore the,f.
hole cutting is actually started to'a'workpiece, the diode
573 functions as a constant-current element and.the
potential of control terminal 581A goes down, whereby
25 the voltage supplied to_the feed motor 101 is reduced and

the number of rotations of the feed motor 101 decreases.'



the. like, and the output potential of the half-wave rectification
circuit 521 becones higher than h (but lower than g), then the
transistor 569 turns on, so the potential of the node J is dropped by
the voltage drop across the variable resistor 574. As a result, the nunber
of rotations of the feed motor 101 becomes~sf#I I, and the falling rate or
feed speed of the drill unit 3 is reduced. - 25 - If the |load of the
drill, notor 515 becones further large and the output potential of the
hal f-Wdve rectification circuit 521 becones hi gher than g, then
transistor 568 almootthers wards, drie t beegporatei alf tdie tdwiliodenit gdebecdmas
to the |evel of e t utput termnal of constant-voltage circuit
518 or zero VOH"9 +ﬁg§gf%¥§rt? potential of the control termna

581A is also zero andIfrithe mlgutﬂééﬁerl@ Zmitiatede| $he thead @ft the
of the feed notogri91 hétbR! 6§89 bdbEmeSULRY e,“dﬂa e éiﬁpu@abétéﬁtﬁal of

rectification circurt 521 al so nnecte nver ed. inp
terminal of a ERfpdedkdew a‘?ZSreCtlgﬁcaBb?ﬁuquq% %?i m than

vol tageI ge][ler athoandcillbsw:t thaid! h$ t@xmedmi b6 the tmiwbrmpass - 570
termnal of the_conparator o] ut_ v Of gt r nce,

vol t age generat H‘r@ﬁ QZ&E}P th gés&?‘% aﬁogélﬁ@%% uéf. r{%evﬁog]ee ‘fsls the
substantially inbntpndlubétthweéndﬂﬁfenanqiaiiGirmntmu5230uixﬁﬁedﬁbyh@he
ooy "o1E [ SChu  EERLEEREC B Al RPN JAIANG CHRELRMoPY B0Y,rhbh  as

notor 515 is being per orned a en 1t is not bein or e
previously stated, if the load of t e drill motor 515 is

~/ relatively large, the number of rotations of the feed
motor 101 is small and the falling speed of the drill unit
'3 becomes small, and. conversely, if the load of the drill
motor 515 is relatively small, the number of rotations of
the feed motor 101 is large and the falling speed of the
drill unit is relatively large. ' .

If the load of the drill motor 515 becomes large
because of a certain factor, for instance, a built-up edge
formed in the drill edge, -dischar.ge failure of chips or
the 1like, and the output potential of the half-wave
rectification circuit 521 becomes- higher than h (but lower
than g), then the transistor 569 turns on, so the
potential of the node J is dropped by the voltage drop
across the variable resistor 574. As a result, the number
of rotations of the feed motor 101 becomes small, and the
falling rate or feed speed of the drill unit 3 is reduced.



Thus, if the hole <cutting. is not being performed by the drill notor 515
and no load is inposed on the drill notor 515 the. output voltage
of the hal f-wave rectification circuit 521 is |ower than the output

vol tage of the reference voltage generator <circuit 524 and the conparator
525 . provides no output. Cbnversel7,25|+ the hole cutting by the drill
nmotor 515 is being performed and a certain load is - 26 - inposed on the
drill rmotor 515, the output voltage of the. half-wave rectification C|rqyjt_
521 exceeds the output voltage of the reference voltage generator circurt
524 and the conyal atlee - Basdpbdvmmesdrnlinmmmor5515 become¥: fagthaki on

vol t age %’%eat | %'ndC' r%yll t 5891; Eer%era :.th Py (1. lepcat ggEFvol t%ge)

only whe tinme perlo from on of "an output
conpar at ec3dF icatian t edriowit or52t1hebeobme§ | bagbert hthaa pgesethen

pr edet er htﬁﬂﬁ’ PeEEOlalLa’ LMANGH, land2hEe entigé“crf]ﬂﬂﬁb s,

when a tria e cufting 1s per nmanua eedi n unt t
bef or e . p@od® nTngIe@s a Bt it h'éh@ clﬁ‘f?lﬂg,oﬁc h&h 8utﬂﬁga§i‘-yﬁal ogtpufe

conpar at YerddndlS bf heahstanelvéDtages fmfcﬁwewsqt bhe 2l Cabien

of the cONSHERRS 5 8h L PRESE 1800 T Ehar STl EERIAL A b akd turns
of f- aftevalermt izert i @and hérdaic. dBBEngiBhedeenérgezedned Namelyt hethe- _
oot SRR AT WA AR o TR L S T
o The output line. of" the: half-wave rectification e
c;rcuit 521" is: also connected to ..a non—inverted input \'J_
terminal of .a comparator 525 . 'An"output' line of a
reference voltage generator c:.rcuit 524 is connected to
the- inverted input terminal of - the comparator 525. The.
'output voltage of the reference voltage generator circuit
524. preset at. a value which is. substantially_'“
' intermediate between the respective output voltages of the .
half-wave rectification circuit 521 when the- hole ‘cutting
- by the drill motor 515 is. being performed and when it 1s
-not  being performed. s - - . :
- Thus, if the hole cutting is not being performed by
the drill motor - 515 and: no. load -is - imposed on the drill
motor 515, the. output -voltage: of - the ' half-wave . \J
 rectification 01rcuit 521 is lower than the: output voltage
of the reference voltage generator circuit 524 and the
-comparator - 525 prov;des no output.. Conversely, if the
hole cutting by the drill motor 515 is being performed and
a certain load is :



20 feeding has term nated. In response to the generation of the out put
signal, a pulse generator circuit 527 generates a pulse which is |atched by
a latch circuit 528. By the latched signal, a delay circuit 529 and rel ay
driver circuits 531 and 533 25 are activated. Fig. 13 is a block

di agram showi ng the details of - 27 - the”i &8i ¢ation vol tage generation
CIrCUIt 526, the. pulse. generator circuit 527 and the latch circuit 528.°
In thiS figure, the sane symbols as in Fig.. 1 represent the same

ot h | f t 525 t ed
Bgrﬁlgfslnpu: Ser%1é§$édo?hn Rgﬁflélrgﬁ gpg%%fﬁ;gﬁbﬁutp es?oqgﬁF b f'tOThe
I
erhinal 6068 of SRAAT Al So5e YR 3e TS SR REcesBh e,

I's connected to therQbbessi BREt rbebRLARL 69%—%& eachiaRod rcqwctuﬁo%u and
through a resistor 601. The input term nal 606 and the pair of

termnals of theehNoReemparatos0525apeovenesndadoukipu@ugh capaC|tors 602
and 604, respectively. The capacitance values of the capacitors 602 and.

604 and thes resi st anceanain@scatibhevoesageogentPatans 6AZFcarie GQ%D@@de‘i@ﬂés
determ ned so that, if the output of the conparator 525 changes fr-om"0"

to "1", the "1" sa@namtputf(inﬂzcanmuh volthge)i bply whem rhle tAReApardod

t her eaf t er i nput to the pair of input termnals of the NOR circuit 605

with a delay of afmperdetbergenedationeof(é&nroutnptianbyg, the comparator 525 to

o the termination thereof is longer than a preset

~ predetermined time period (for instance, 1 - 2 seconds).

10 That is, when a trial hole cutting is performed by manually
feeding drill unit 3 before performing an automatic hole
cutting, the output signal of the comparator 525 is in
high level for a short time, but the indication voltage
generation circuit 526 generates no output. When the output

15 of the comparator 525 turns on (to initiate the hole cut-
ting. ) and turns off after continuation thereof during
the predetermined time, the indication voltage generation

—/ circuit 526 generates an output signal. This output signal

| _generation means that the hole cutting by the automatic
20 feeding has terminated.
In response to the generation of the output signal,
a pulse generator circuit 527 generates a pulse which is
latched.bv a latch circuit 528. By the latched signal,
a delay circuit 529 and relay driver circuits 531 and 533

25 are activated.

Fig. 13 is a block diagram showing the details of



- 2 seconds). The output terminal of the NOR circuit 606 is -
connected to one input termnal 607B of a NOR circuit 607. The output -
termnal of the NOR circuit 607 is connected to a pair of input '
terminals of a NOR circuit 608. The,_output termnal of the NOR
circuit 608 1is connected to the(ﬁt%% Tnput ternminal 6077A of the NOR _
circuit 607, the delay circuit 529, and the relay driver circuits 531 and
533. - 28 - Now, the operations of the indication voltage generatioR
-delay circuit 526, the pulse generator circuit 527 and the latch circuit

528 are tbecringdication woltaghk (gesieratiiom carfugt 15265 the pulseirst,

when t he S t f e u g, put of
the conpg%t??t%"‘?ﬁ%#, 5270 TRL 0L DiebRCcapeRit 92820, IPehts

t er mi nal L4QUKeaf GHR: mscﬁmp se@@ %mdl*#g(trﬂe 5apresenpnﬁd1et§m¢na|_s of

the NOR pbitibnsG05) et @utput 0'1idfe swvn ﬁheNcaonipéﬁ\téral 549 is
condi ti on% Acc drlngl y t.he o It put.s _of N(‘]%]m %cw t 05¢ 606, . 607 and
608 are nPaiE o ipppt t‘i‘Vé‘F oREL I HeBits:s

starts tBOShottlermnghl rag,res.tstorr &03.val 'm'hel mmqaﬂesterminaé @#f ptheof the
conpar at e %r%%&&g%%sfﬁg éﬁ}e ﬁgo

time, since the ca aC|tors ave n yet een e argdgéso ruch,
the pot edt NORs ql-r@ﬂbtnéﬂés S% Ontrmﬂau hine 96 t@),e semparaton pi2Sof each |

'NOR circykt RifhectdB £6MBhaS dﬂh@ia”ﬁ’i‘ﬁut terminal 6062 of the NOR
circuit 606 through a resistor 601. The.: 1nput ‘terminal
606A and the pair of input terminals of the. NOR circuit-

-~ 605 are grounded through _ capaCitors 602 and 604,
respectively. ' R A o
The . capacitance values of the capacitors 602 and
604 and the: resistance. values of the res;stors 601: and 603 -
are respectively determined SO that, if the.- output of the
comparator 525 changes from "0". to'"l" ‘the "1" signal is -
first input to the. input ‘terminal 606A. and thereafterf
input to the pair of input terminals of the NOR Circuit_-'_ .
605 with a delay of a predetermined time. (for instance, 1
- 2 seconds). ' R |
~ The output terminal of. the NOR - circuit 606 is.
'connected. to one input terminal 607B of a NOR circuit
607. The output terminal of the NOR Circuit. 607 is '
' connected to a pair of- input ‘terminals of a NOR ‘circuit B
608. The output terminal of the .NOR circuit 608 is
connected to the other input terminal 607A of the NOR
‘circuit 607, the delay circuit 529, and the relay driver
circuits 531 and 533. S ’ '

~




When the charge in the capacitor 602 has increased 20 with alittle
delay from.the start of the hole cutting, the potential at the node S
beconmes "1" as shown by No. 3. But the charge in the capacitor 604 is not
enough at this tinme, to reverse the potential at the node T from" 0" to
"1" and the output of each NOR circuit 605 --688 also 25 r emai ns
unchanged. Wen the charge in the capacitor 604 has increased enough with
a further delay fromthe start of - 29 - the hole cutting, the potenti al

at the“node T al so bec "1" as Therefore, .the.. output
of the NOR circuit 60§&Eﬁaﬁﬂﬂi ??%ﬁ?t19n§ Xfothe SPﬂéﬁaFﬁganPéﬁFgﬁl at the

node Sis "1", the out e NOR cifc 606 sti remai ns be " 0"
and hence the out 1??lé$ii¥c?+ﬁﬁ?fé %%é 5968 3?38 Pgﬁﬁtﬁr circuit
unchanged. Wen tgga t . e gl

drill motor 515 ecr%sd;stcljig i%]ﬁc g?ﬁea%%rr%é#é ?ﬂ&gz{gg‘f’bg Qr(‘i‘ own
to "0 " again as. 5 SI e dlscharglng of the <capacitors 602
and 604 has not yet eeﬁgéﬁgﬁb a%gth?g time, the potentials at the nodes S

and T and gt he out put ancgt e Fhé| dF1ll SmPSr 515085 AbS pe%taemﬁs the
(nanely, - same as . 3 When di scharging of the capacitor: 602

done enough wtm@.élddhemw aphé @ phHcot COND| Sbmparatorhgzshekengr and
cutting, the potential at the node S becones "0" as shown by No 6. Si'nce

di schargi ng of th&egmddtiaidohasodes Hepthenonplit atetBinalt 608A bethe

potential at the node T is still "1" (that is, the output of the NOR
circuit. 605 i NOR'didcuit 606) and T (the pair of input terminals of the
—/

NOR circuit 605) are also "0" as shown by No. 1 (initial

1d condition). Accordingly, the outputs of the NOR circuits
605, 606, 607 and 608 are "1", "0O", "1" and "O", respec-
tively. When the drill motor 515 starts the-holé cutting,
its- current value increases, so the output of the comparator
525 changes from "0" to "1" as shown by No. 2. At that

15 time, since the'capacitoré 602 énd 604 have not yet.been
charged so much, the potentials at the nodes S and T remain
to be "0" and the output of each NOR circuit 605 - 608

e . remains unchanged. | '
When.the-charge'in.the capacitor 602 has increased

20 with a little delay'from-the.start of the hole cutting,
the potential at the node S becomes "1" as shown by No. 3.
But the charge in the capacitor 604 is not enough at this
time, to reverse the potential at the node T from "0" to
"1" and the output of each NOR c;rcuit 605 - 608 also

25 rémains unchanged. When the charge in the capacitor 604

has increased enough with a further delay from the start of



Accordingly, the output of the NOR circuit 606 is "1",, and the outputs
~of the NOR circuits 607 and 608 are "0" and "1", respectively. That is a
control signal indicating the conpletion of the hole cutting is output to
the delay circuit 529 and the rel ay griver circuits 531 and 533. After
that the capacitor 604 is di s'chal"g@ €nough, so the potential. -at the g
node T al so becones "0" and the outputs - 30 - of the NOR circui'ts 605
and 606 are reversed as shown by No. 7. However, the output of the NCR)\:
circuit 607 is still unchanged, so the output of the NOR circuit -608 does -
not changke HKbde cattimg,otthaiipatentibaloatr thesngda T rad.nso hecomemt i NG -
the conplgiigg sixohgl BIPo CUBL NéHerd i Chend Gl Ghe t BReSHRRE Shown

by No. -3, that 1s re the cap paci t or 604 has not en c ar ed enough, if
the hol C£XfRitg608s qhangemt £8oms 1" FQ a1R"%: aSiBAGather lnﬂt%ﬁirlaﬂg has

term nataesi) thtethd&é et ijgl s"ﬁ-t tﬁﬁe“@i‘ﬂ:%tft ap Enar v circusghauged as
- shown by_No and th tef,,even when the.di scharl?e of _capacitor 602
% e FR che,

has beerﬁfcbl’rjpl Zepging, { enBPd| Con i RUEPYES [ af o NOR shown
by No. Tiarcuitere&0Vsand. sﬂangaesonremalnuupuhangEedt.he NOR circuits 605 - -

608. That is nt al n 15 letion .
of the hole cu'[?h ! %h oﬁh% ﬁ{é Eg "lﬁaé gb ISEQ%O n%%%stscé‘%ﬁ%&@

pr ovi dedflqmgabacth%rdsbk seeter 5@%&8@%&&16&0 athenontputi @fal - '
i ndi cati gy { 88m QEBESE-‘ sasoffam% fa&#n%tlnag hgadn’ B! stiolh By Nd. € time

lag after the value of the current flowng in

)

5. Since d:.scharging of the capacitors 602 and 604 has:
not yet been enough at this- tlme,' the potent::.als at  the
nodes S and T and the outputs of. the NOR. c:.rcu:.ts 605 -
608 are unchanged (namely, same' as No. 4). When
discharging: of ‘the. capac:.tor 6 02 has done enough with a
little delay from the completlon of . theﬂ hole cutt:.ng, the
potential at theé node S becomes "0" as. shown by No. 6.
Since: dJ.schargJ.ng of the. capac:.tor 604 has. not been enough
at this time, the potent:Lal at’ the node T is still "1*
(that is, the output of  the- NOR circuit. 605 is "0").
Accordingly, the output of the NOR circuit 606 is "1, and
the outputs: ‘of the NOR circuits 607 and 608 -are "0" and
"1i-, respeotivély.' _ That .is, '- a .oon_t_rol - signal indicating
the completion of the hole cutting is output to the delay v
circuit 529 and.the relay driver ca.rcu:Lts 531 and 533. '
After that, the capacitor 604 is d:.scharged enough,
so the potential at the node T also becomes "0" and the
outputs '



20 the drill notor 515 has becone small. Swarfs may remain in the
undersi de of the workpiece just after the conpletion of the hole cutting,
and the output of the control signal with a tinme |ag causes the rise of the
drill unit 3 to delay, and as a result, the remaining of the swarfs can be
al nost 25 prevented. Returning to Fig. 1~ 8Re-delay circuit 529
activates a - 31 - fast-return vol t age gener at or circuit 530
with "™a predefined tine delay. Wth this activati on, t he

o | Ly h
Vot age o1 anal CseoPrndr RER G BFpulkaobeS, ngo egﬁuta%éésa%ﬁ%%ﬁikf% %m%%
wh dril | 3 f
s L35 anery LS bR S8 ansbhfy b Y, 8 s e W
| 34 t
hereby the out poingiafdod]so” EREPELEXGLY or 28I NORY Fég%ué é?& 51? RN
530 15 connectedehgnibe. #ABET 0L EELTLARDy OB} cnadBin 351 8ok SHdiCh

t he contact 583, e po arlty e outpu age o

rectifier 582 Sun@étfﬁgt@héhéoﬁs?QGPbﬂfo%o%héshbﬁéeE§%QanEhH§ 1%Q%h d%ed

notor 101 starts to rotate reversely at a high speed after
predetermned tine hasregrpseetsrNe€Re 88teJSHBWAL bPNNOOT 3, a@haQUEEUtbegbre

the indication voltage generation circuit 526, and the drill uni't
rises at a high seitedcapdeitopubPat hasshgtabeen! tRargedf enoubt, 1hakhdMﬁﬂie
‘ cutting has terminated (for instance, a manual trial boring
~ has terminated), the pofentials-at the nodes S and T are
10 unchanged as shown by No. 8, and-fhereafter, even when
.the discharge of capacitor 602 has been completed, only
‘the potential at the node S is reversed as shown by No. 9
and there is no change in the outputs bf the NOR circuits
605 - 608. That is, no control signal is output indicating:
15 the completion of the hole cutting.
| Although the capacitof 602 is not necessarily provided,
the capacitor 602 serves to make sure that a control signal
\/ _ ~ indicating the completion of the hoie cutfing-is output with
a little timé lag after the value of the current flowing in
20 the drill motor 515 has become small. Swarfs may remain in
the underside of fhé workpiece just after the completion of
the hole cutting, aﬁd thé output of the control signal with
a time lag causes the rise of the drill unit 3 to delay,
and as a result, the remaining of the swarfs caﬁ be almost
25 prevented.

Returning to Fig. 1, the delay circuit 529 activates a



rectification circuit 521 is further connected to a non-invert ed

i nput termnal of a conparator 542. - The output signal |ine of the
constant-voltage circuit 518 is connected to a differentiating
circuit = 540. The differentiating circuit 540 differentiates the

"~ output signal of the constant-voltage3dircuit 518. An output of a

full -stop reference voltage generator circuit 541 is rised up if the -
di fferential output - 32 - signal exceeds a predeterm ned value. |f t h-'e'
differential signal is |lower than the predeterm ned value, the full-st

referencefa@t-t—:ogEurn resobtsgleto @en@fal‘ﬁor\/md@rcﬂ'ﬁe fU.‘liO stypixH ef grence

vol tage i tq the rtedlnu term the co arator

542. The ﬁr? ‘léfé‘gna?‘“?e glf vvav@ %gctl?%’{:itl %ﬂ"ﬁ:‘iﬂ"?n()m .

nmonment arlqut)en@mnl awg’dbﬁqaw tgeneirator notdrciif st330.s butpﬁtateadue to

a large Sﬁéliéti‘&leiyshl RS eadit sk '}&aéﬁ | AESReNSq tgn%p ut put
5 € ou VO

of the differ- 1 ntiating circ put age _
full-st opmr%'?%réﬁcé \RHQ%@Wanﬁncﬁ:thﬁG@JIﬁé%oﬁbsnhit@}Beldnﬂdn t he

out put vairiiage f faheshal fTHEVeré By i fdeitdOn Cirsuits 5}%3@%{&16%%@/ the
I'S never

conpar at or 542 engrat e e main relay 5 =
- acm)vat e e ge the %@%"Fﬁ%%f'ﬂshveul:?gﬁt aRPIxinG crelefe 232 p@ndof t he
di f f er enttihe |mlar1.t1n| reﬁéﬁsh.n\germl’ﬂyi She f welspticai vellye) ebg e swakicdge al so

has 5o (it sBhedlk PRBE, (BRFrobyP i (SlYE, Eﬁié’riqlé“?#é%'e'r%c; Fol t age
fast-return voltage generator crrcult 530 1s connected to
the control termlnal 581A,; and' as. well to sw1tch the
contact 583, whereby the polarlty of the output voltage of
the brzdge rectlfler 582 supplled to the feed motor 101 is
:reversed.l L . .

' Thus, the feed motor 101 starts to rotate reverselyf"
at a hlgh speed after the predetermlned tlme "has elapsed
since the generation of ‘an output by the indication
voltage generation c1rcu1t_526, and the drill unit 3 rises
at a high speed.. - | o o -

The output  signal line of the hal f-wave
rectification circuit 521 is further connected to a
non-xnverted “input termlnal of Aa comparator | 542, The

output s:l.gnal lJ.ne of the constant-voltage circuit. 518 is \J

connected to a dlfferentx.ata.ng c:.rcu:.t 540.. The.
differentiating circuit 540 dlfferentz.ates the output =
signal of the constant-voltage circuit- 518. - An output of . -
a full—stop reference voltage generator circurt 541 is
rised up if the dJ.fferentJ.al output '



20 : generator circuit 541 is still maintained higher than the output
vol.tage of the half-wave rectification circuit 521. Therefore, the
conpar at or 542 generates no output. However, if a large load is applied to
the drill notor 515 during the normal operation thereof, due to 25 an
unexpect ed cause, the output voltage of the haBB-wmave rectification circuit
521 exceeds the output voltage of the - 33 - full-stop reference voltage
gener@at-or circuit 541, thereby the conparator 542 generates an output. A
main ™lay driver_.cirecuit 543 is enabléed Ry the output of the
conpar at or 542, t?ﬁ?qﬁirF*%ﬁ%§S5ﬁﬁpf§§%ﬁ%?ﬁ?9§g XﬁE“Fts chﬁFaéﬂf52?9P§1a1
opened. - Accordi t i 0 h ILLL_motor, 515 and. th fee
mot or 101 st op. %?%pggaiﬁ%%éogg$%e{%%iﬁrg§3#3§méﬂgdiga FntgpﬁeguéﬁFFtOP
t he power supply [ [ [LGU] 43 1| u The p r _
supply to-thelngé?%e £§§d$?£€%5%i?%U|§é§§§é§skéo%t$ﬁt§ St%ﬁﬂugf ?ggsfull

the second cont oS0 Alrddics CAS} 8555 94 LHBpTRL 501 LED TRYLSAPSABL:

The full-stop reference voltage generator circ i S connec

negative oyt put. derminl OF tHe SONSdARtoNOEfpge circuit 518 through an
a-contact 590 of a relay 589, an upper-end detection switch 544 and a shift

detection r. switch Sffe oMtElt afgnal COANEREEHal B-Raval ket WriBatsaah
other. The upper-end detection swtch 544 is constructed so that it is

turned on when theircit |52minomentari bpasedonéSel apge cRHeROShbi @BilaNGotor
ot herw se turned off The shift detection switch 545 is constructed so
515 starts to rotate due to a large starting rush current.
~ But in this case, in response to the output of the differ-

10 entiating circuit 540, the output voltage of the full-stop
reference voltage generator circuit 541 becomes higher than
the output voltage of the half-wave rectification circuit
521 and thereby the'comharator 542 generates no output, so
the main relay 546 is never_activatéd.

15 Wheﬁ the rush current is extinct, the output of
the differentiating circuit 540 lowers and the full-stop
reference voltage also reduces, but, on the other hand,

\—/ the current value of the drill motor 515 has also reduced,

so the output voltage of the full-stop reference voltage

20 genérator circuit 541 is still maintained higher than the
output vdltége of the half-wave rectification circuit 521.
Therefore, the comparator 542 generates no output.

However, if a large load is applied to the drill

motor 515 during the normal operation thereof, due to

25 an unexpected cause, the output voltage of the half-wave

rectification circuit 521 exceeds the output voltage of the



that it is at |east nonentarily turned on, when the electromagnet of
the magnetic base drill unit shifts fromor on the workpiece. If the
a-contact = 590, the wupper-end detection switch 544 or the shift
detection switch 545 is turned on, g reference vol tage generated from
ful'l -stop reference voltage generator Elrcuit 541 is lowered to O volt, and
the mmin - 34 - relay 546 is energi zed regardl ess of the -output vol tage
of the half-wave rectification circuit 521.. The wupper-end detection swi f,ch
544 is turned -on when the drill _unit 3 rises -to the top end posit™n
thereof Ihlmstqmcreferonce valtage genensdior cinauiky 543, dehen.—ebgd -

above, bithesi Rempaiateier 342 genkhatERINahl Co e drigl o rgg%,orms

the falli erat,jon of '&'{1 drjll unit_3.to ormthe p05|t|on|n of the

drill fo (,90 e R ¢ ‘ﬁ ngtS t HRRRRY cf'é‘(ec?h%n QWFPER 52% | §heur ned

of f and a:qmpateatnrn 844, pathent malinlhsreba)yl Gatlet oi$ henef¢arzieerd abrlﬁlrl)g&tsﬁr m nal

of conpaja t he e cutt| is.enabl e e

shi ftnget ectl on SWi ?fﬁ ?Aﬁg ﬁgéxgonm S %(%rg %Y’ndrtl 6’5‘5} %08}

seal ed i Fthenedanjililndmpsor. b5l§, and &heai feof m;m:actlsncouss:u;uct emheo as to
d Sy t strygte :

broj ect bietatidnYoE Ul Shabld¥reldy 48 Y ! HRMNAISHING! oyl dy

nounted On netic. base uni t e cylTh

bei ng i nBPY] ﬁé'd %‘H’Eigt tenthe, madgy -E%’rﬁlﬁc@%’lﬁﬁ§ pREsEA L 543 sbere@hts upper
posi ti on:r.'hehepower supply to the main relay driver circuit ‘543 is

continued till at- least the: second: contact 504 of the ‘
contacts. of the main switch 501 is opened.. NS
The - full-stop reference voltage generator c:.rcuit_ '
541 is connected to  the negative output. terminal of the
_ constant—voltage c:.rcuit 518 through an a-contact 590 of a
'~ relay 589, an upper-end detection switch 544 and -a shift
' detection. r. switch- 545 which are connected in parallel'
with -each other. 'l'he upper-end detection switch' 544 is
constructed so that it is turned on when the. drill unit 3
is rieses to the top end position, and.. otherw:.se turned
off. The shift detection switch 545 is constructed so
that it is. at. least momentarily turned on ,' when the
electromagnet of - the magnetic base er.ll unit. shifts from
or on the workpiece. . | R U
'If the a-contact 590, fthe_-- . upp,er—en"d detection
switch 544 or the- shift detection switch': 5'45' is ‘turned on,
the. reference voltage generated from full-stop reference.
voltage generator circuit 541 is lowered to 0 volt, ‘and
the main ' ' ' '




contacts are normally off, and the mercury noves within the cylindrical
body to allow the contacts to turn on at least for a short tine if a strong
vibration is applied to the nagnetic base drill unit. Alternatively, the
shift detection switch 545 nmay be conprised of a fixed contact, and a
novabl e contact which is positioned closely 34 +he fixed contact by sone
spring means. Also in the switch having this construction, the fixed
contaft: and the novable contact turn on at least for a - 35 - short
time ¥ a strong vibration is applied to the nagnetic base drill unit. A

safety circuit 586 4 59@sagug&1§4\%ﬁ,&eﬁ0ar 1 d&é%ﬁuf%i&sﬁﬁﬁ

and a relay 589 In serjes connecte I N para
feed motor 101. the hatfrvave oreqhifiFationgvirauik|%2lied so that it is

conductive when the f eephétiipehtilend S dedtledititth EWitha d544ectls)nthen@ausen

the drill unit fall Th | st apce aIu.e of ther si stor 588
so that, when tl’{(ah ’ée&‘hfo dr lﬁmt‘b? EOl i SRS Ty i %ogl r 8Bg; oﬂofbtlon
cause the drill tlreredf f sdfter a the f i complettion end £ f I'dm thelei ncavtipgr aae

the relay 589 'fveg#.{}éfﬁéﬁ abb¥e th%@@l¥8E50 e 23 BRG QY PYE (Rl t%gg :géﬂ,'c

the fast-return nerat ér circui een appl1ed acr oss
term nal s of thébaf%%ddmit mit pegforms thbecofﬁlbingie\ﬂmaeﬁlqlheOf the

nmagnetic base drdﬂ:.ll”\hﬁ:.t%“%%erf&ﬁn £heh b%'ltt@.%l%pé'f theMariil for
fast-return voltage ener tor circuit 530 is applle to the feed nptor 101
only ex ole cutting, the upper-detection switch 544 is
‘ turned off and a predetermined potential is applied to the
~ inverted input terminal of comparator 542. Accordingly,
the next hole cutting is enabled.. |
The shift detection switch 545 may consist of a
cylindrical body, mercury sealed in the cylindrical body,
and a pair of contacts constructed so as to project into
the cylindrical body. If the switch thus constructed is
mounted on the magnetic base drill unit with the
cylindrical body being inclined so that the pair of
contacts are placed in a somewhat upper position, the
contacts are normally off, and the mercury moves within
the cylindrical body to allow the contacts to turn on at
least for a short time if a strong vibration is applied to
U/ the magnetic base drill unit. Alternatively, the shift
detection switch 545 may be comprised of a fixed contact,
and a movable contact which is positioned closely to the
fixed contact by some spring means. Also in the switch
having this construction, the fixed contact and the

movable contact turn on at least for a



when the drill unit 3 is in the rise node. VMen a voltage 20 . hlgher
t han the above-nenti oned voltage has been applied to the feed notor 101 in:
the fall made of the drill unit 3 because of sone failure of the '
controller, the relay 589 is energi zed-t®5ckose the a-contact 590. By
this., the reference voltage output. fromthe full-stop reference 25

-"vol tage generator circuit 541 goes down to O volt, the main relay 546
operates, and both of the .drill notor 515 and the - 36 - feed notory 01
is stoppedshgrﬁxﬂkmﬁalﬁtarﬁﬁrqmgC%hhrausoedlsoapnénedhéocGhEa@ﬁghékxw its
equivalent is directly opened in response to the activation of the rel ay

' 589. I n or f@sa Arighk (Y fwhet her of not the safety circuit 5 586
functions normally, %e-l 's_.onl neq? d, to-close the second contact 504 of

the main switchSERICTHFATHET o3 nbssV\PPﬁﬁrB%edaHH SOPRECHIRG vari abl e .
- resistor’ 572&: 4rug se its re5|st$€ | ue Oﬁ adgbggla r%FIStOF in- -
serl es thefef ’\ﬁb% er%bﬂleﬁjrﬁ'f%’és 6 50?3 B¥aPCaf 1thé ﬁ&&@’Jl o) tha:ta‘s
1t t
the Pesultlvv?‘tl%g; éﬁgoglr{é'o%e appl %ﬁfigg‘ %h%D?%F E'%rtgﬁ @'r\b age _

term nat| O‘l'nt%f i 5}[9 c?i“t%ﬁé‘gd ?dé‘p?é‘legse¥gﬂahftehh dfth% Q! Qg | :

falling. Tha esting feed motor 101 for

udgi ng 15 I t. c u t QN r mal
j udgi ng ogRd: the%ﬁw nn@ﬂe f%&%@té‘n. 16¢ ég. gét@ fc%e 18NSR0 TR LY.

The' reason testing swt I'S openec when
motor 515 g3 raRit it fty Bditsd hend1Qd®ei SVt Eh DY, 35FRSE. th@neua-eetls%@d@e of

t he hal f-wave rectification circuit 512 nmay be: Iomer t han -t he potential of
t he V0|tag©alue of the re31stor 588 is set so ‘that, when the feed v/
10 - motor 101 is rotatzng 1n.thetd1rectlon to-cause the drill.
unzt 3 fall, a sufflclent current flows thereln to operate |
the relay 589 1f substant;allv the same’ voltage as the -
: output-voltage.of.the_fastrreturnavoltage generator-olrcuit.i
f530_hasebeen-apblied”aoroee_both_terﬁinale_of_theffeed motor:
15 01 | ' | |
' _If'the-control'device of theﬁmaghetio base-drill uhit
is normal the hlgh voltage output from fast-return voltage. -
generator c1rcu1t 530 is applled to the feed motor 101 only%‘J
when the drzll unit 3. is in the rise mode i When a-voltage
20 hlgher than_the ahove—mentzonedﬁvoltage_hasfheeh'aopliedr
to the feed motor :1'01._1:_:'1 the fall made of the drill unit 3
because of some;failure ofﬁthe-oohtroller,'thehrelay 589
is energized to olose;the a-contact 590; By this, the
reference voltage'output froh the full-stop'reference
25 voltage generator circuit 541 goes’ down to o volt, the-main

relay 546 operates, and both of the drill motor 515 and the



20 dividing point I, and the diode 573 may be conductive, the potenti al
of .the node J cannot be increased even if the resistance value of variable
resistor 572 is increased. Wen the operation of the safety circuit 586 has
been confirmed, after opening the second contact 504, the testing 25

switch 575 is closed again and the resistance \3fi ue of the variable
resistor 572 is restored. - 37 - In addition, if the controller does not
i nclude the conparator 567, the transistor 570 and the di ode 573, the

pot entval at the node J _can i ncreased only i ncreasing the resistance
val ue between the@ﬁg e "Y 8 d “the *&o é]’urréqui‘?ﬁ’é‘re?}?eh Thdigh RhecoRetTRgted

switch 575 is kep%ocltﬂqu tRe ictonit}%cncot ¥ Q¢ ded %@%%etz V\*O%] g&{]ig%c%]fsz:c?éened

| nvention As apparent Trom the above description,

effects are accoqnlg%%ﬁgngg E%ﬁt%%e@@¥¥$$ﬁ¥gﬁxﬁqﬁ¥ﬁ$‘gef%y1§§%§e”t

i nventi on discl osed. Since the rotations of the fee r and drill

motor are. stopped i mmedi aglky ith Homritht R Y IR ddt tHH fé%ff’ex;igt&{re'i]xgjft

the hole cutting node becones excessively large, there wl e no ar t

the cutter gttachgdet uhbeidhBOohodmaaR,y iitS iy YAy Heddis Hd |d148Y Ofnd S
burnt out. (2) The safety circuit can consist only of the relays, diodes

and resistors. |segeadscohtacithgoaabdt thel mid stardie SOAProgenl ©e desting
relatively sinple and cheap construction. _
switch 575, and adjust the variable resistor 572 to increase
its resistance value or adding a résistor in series there-
‘with, thereby increasing the potential of the node J so that
10 it is substantially the same as the output fast-return e
voltage. As the result, the voltage to be applied to the
feed motor 101 after the termination of the hole cutting is
applied even if the drill motor is falling.' That is, the
testing_voltage is applied to the feed motor 101 for judging
15 whether or not the safety circuit 586 functions normally.
The reason why the tgsting switch 575 is opened is that,
when the drill motor 515 is not perfgrming thé hole cutting,
N since the output voltage of the half-wave rectification
‘circuit 512 may be lower than the pbtential of the voltage
20 dividing point I, and the diode 573 may be conductive,
~the potential of the node J cannot be increased even if
the resistance value of variable resistor 572 is increased.
When the operation of the safety circuit 586 has been
confirmed, after opening the second contact 504, the testing
25 switch 575 is closed again and the resistance value 6f'

the variable resistor 572 is restored.



(3) The term nation of the hole cutting by automatic feeding can be
determined reliably. Since this allows the drill unit to imediately rise:-
after the termnation of the hole cutting regardless of the thickness of
the workpiece, the hole cutting can-bg7perforned efficiently as conpar ed

with the prior ‘art exanple in which the rise of the drill unit is perforned
- by detecting the |owest position of the drill unit with alimt swtch. (4
) Even in the fall node of the drill unit, the test - 38 - voltage:’

exceedi ng the votsageaieibe apel {6 J goRbPa1iae BBk R iBgican ae0piTed

to the feed notor 'S Nno est vol tage
appl i ed RURPATALOF h36 1 esf—l‘@oﬁ'é@%l%‘éﬁr eddp| 9n§etH§pFiF-@§et 87Bneth&f ety

tCIh re CU: E) e éxbﬁééﬁfsiytﬁs%oaéeseéaﬁ Benlherésheabbg%\ygb&orrergg Og 5% heV\?ggd
|
tor SroeTRAR g i ccreLatanes valhdchartBen, Fhe BOGS IS aointhe

Conver selgommdre eéterh obinefetén thowghnther testingl bwitkh 6¢6atiison speed

of the f ncreas d rate of the drill unit becones
large. T %pgngféﬁéé 6¥h£€f%€d?§gq%#g§ﬁég§flII unit i's always maintained at
an optlnunhspaeumdepeﬁdthg Presémt | bavientiohe drill notor, the automatic
hol e cutting V\or)fseg@b ﬂ@réf’oﬂeﬁléfahﬁtén égcﬁiﬁglof‘& RRE the rotation

speed of the . I's decreased an funrt falls slowy
to the M%@meteﬁ%@%s hete . aceemplished by the nmgnetic base

preferred embodiment of the present invention disclosed.

(1) Since. the rotations ‘of the feed motor and drill o/

motor are stopped immediately if the voltage applied to )
.the feed motor in the hole cutting mode . becomes
'excessively large, there wrll be no fear that the. cutter

attached to the arbor assembly is broken or the drill

motor -is burnt- out.g_ ' ' '

(2)  The: safety circuit can consist only of the relays,

diodes and resistors. It means that ‘the. safety Circuit

can be: comprised of a relatively s1mple and. cheap '

construction. : o o

(3) The termination of the hole cutting by automatic
'feeding can be. determined reliahly._ Since this- allows the

drill unit to immediately rise after the termination of

the hole cutting regardless of the- thickness of the

workpiece, the hole cutting can be performed efficiently
- as compared with the prior art: example in which the rise
of the drill unit is performed by detecting the lowest

position_cf_the drllluunlt.WIth a limit switch.

(4) . Even in the'fall;mode'oﬁ'the=drillrunit, the test




drill unit is initiated, that is, till the drill is brought in contact with
t he workpi ece, the hole cutting can be performed stably and.. reliably even
at the start of the hole cutting at which the hole cutting is generally
bel i eved unstable. (7) Since the function for decreasing the rotation
speed of the feed notor as described in the 3bove item (6) can be
acconplished only by a diode, the construction of the controller can be

si npl 17 ed. -39- WHAT IS CLAIMED IS: (1) A controller for a magnetic
base &ill unit conmprising a frame having a magnetic base which
magnetical |y adhgslasade exveedRhgCahainvellteige ctdridd applieda diarihg the

notor, and 5 feed notor fixed to_the.fra faqr, causing the electric,

drill to advancé‘q}ﬁ)nc&ﬁ'&lpgce‘a%nfsbo‘?rn taﬁgfi\h&rdkg‘ﬁgcg?h?h e‘é@m”?‘%‘r‘?’&r and “in
conprises: hol e addittiion t thereatisomalefeari dhateatbef dresiet volkaget epplied
termnation of tfe 1ol esgutddna,Loet R QI £4f RYskR %O?PP%&%{E&C the

drill, feed notor e\/erS|_ng means responsive to the outp
cutting tern nasiafietiet cdimar theand f dkhe eveatery t kestot heyefordi can | e

e Lnon (he Sy et L8 1 0e e T B s e |
adganci ng node dPk he%gfe@ct?li‘% camf‘%‘* %d efjﬁ-gilr cﬂ?F"ﬁea-%%gfiﬁrge' the
detecting that aotatizge $peddr ofhahen Peedemetbrnaiowd tdownt ande than! fest
to the rate of the drill unit becomes small. Conversely, when
the load of the drill motor is small, the rotation speed
~ of the feed motor is increased and the feed rate of the
drill unit becomes large. That is, since the feeding of
the drill unit is always maintained at an optimum speed
depending on the load of the drill motor, the automatic
hole cutting work can be performed 'efficiently. _
(6) Since the rotation speed of the feed motor is
decreased and the drill unit falls slowly to the workpiece
when the automatic hole cutting work by the magnetic base
drill unit is initiated, that is, till the drill is
brought in contact with the workpiece, the hole cutting
can be performed stably and reliably even at the start of
the hole cutting at which the hole cutting is generally
/ believed unstable.
(7) Since the function for decreasing the rotation speed
of the feed motor as described. in the above item (6) can
be accomplished only by a diode, the construction of the
controller can be simplified.



feed notor in the advancing node of the electric drill is 20 applied to

the feed notor during the advanci ng node, and f j e supply of ¢
. power to the drill motor and the feed notor. (2) The controller for a

magnetic base drill unit as set forth-iggclaimil "Em y circuit
. means conprises 25 arelay for cutting the: po uunﬂm[ drill
“motor and the feed motor, a resistor and a di ode which dre*cosneet ed I n

seri es each other, and they are connected in parallel with the feéd nDL~;

© so that tﬁHAﬂeuéydnﬂnnﬂnﬂkﬁidurlng a hole cutting operation. (3) The
control | & Tor a magnetic base drill unit as set 5  forthin clains 1 or
2 wher ei n (dhe mow@nanqlkgrtﬁpnnaunaqnetmgeb@sendnméhsugemepam@gxann@utput
when the current value of the drill notor exceeds a predeterm ned first
thresholdavéM@@%mh§W¥ﬂgs?tﬂﬁQﬂ?¥¥ﬁab¢$%twhh$bsn69§eﬁapéé1¥fﬁéheFH§ el apse

of a predetermined tine. 10 4)  The controller for a_magnhetic base :
dr|II uni o3& ﬂﬁ?HRiQQ?ﬂr?QNRJQﬁt¥ﬂ9u¢£lﬁ;t%ﬁglﬂﬁe?egﬁlﬂﬂempééd meek a

t the f | to the hole
cutbing (8 48 r‘rieﬁ T A %ﬁ?%i@%ﬁ@gﬁiﬁiﬁ ByeGETake d. c.
't i f eed not troller f mgnetic
base dri| PrdhL teoaﬁ'%a R 4P S (RSP S ARt B BRERIRRPen the O

magneti ca S plece an electrlc drill having a dril
not or, %E%t %bégiéﬁfgg to the frame for causing the electric drill

to advance UpOBgﬁ%ﬂg&%%%ﬂﬁffé¥BfﬂE¥f$Hk&efeétzoﬂemggns foQOHEQQ kShg
conpri ses: \_)'

the termination of the hole cutting in the workplece by the-

10 - electric drill,
. feed motor revers;ng means respons1ve to the- output.of
the hole cutting termlnatlon detectnon means for reverSJng
the rotational direction of the feed motor, and for applylng“
to the feed motor a voltage whzch 1s h1gher than the voltage o
15 | appl;ed to the feed motor during the advan01ng mode of the |
| electric dr111, and h' :
safety circuit'meahs fo:_deteotihg;that_a_voltage
_higher than a predetermihed voltege to'befapplied_ioEthe t_h.j
 feed motor ih the'edﬁéhcing_mode.of'theieleot:ic drill is |
20¥;: 'epplied.to.the feed motofvdurihg the.advancing'hode,'and forif
- stopping the supply of power to the drill motordandithe'feed"-
motor.
(2) The controller for a maghetic base drill unit as.set
forth in claim 1 wherein the safety circuit means comprises
25 a relay for cutting the power supply to the drill motor ande

the feed motor, a resistor and a diode which are connected



hol e Eutting term nation detection neans for detecting_the_term-nrat+on—of
the hole cutting in the workpiece by the electric drill, driving voltaa

generator neans for generating a 25 voltage to be |“ uﬂ
notor, neans for supplying to the driving voltage genemn mml“ “f
a first signal for causing the driving vol fad® §enerator ¢ nkan’ %o

generate a predeterm ned voltage suitable for the electric drill in the
advan€i-ng node, feed notor reversing nmeans responsive to the output of the

direction of the 1P cRa hEcPSEh EPRRy BHE"Enetlpre RRReCtsa e Pataiiny
mode, safety cifGytyPROSeeLE" motBR! 58" kAG+! REe ¥-§'1Ta§9§saﬁ g—@dt ‘&utr*l%rgode

feed notor by the dr|V|ng vol tage generator neans vanci ng

of the electric cglﬁélea@gtgyhblgge}gglgﬁmer supply to the drill notor and
the feed notor when the applied voltage has exceeded a preset

upper-limt Va'Ue(sﬁndrﬁéfééﬂtfblféftfé?sé mighbege Bﬁ@%raEQﬁlnﬁﬁEQ Eoset
supplying to the driving voltage generator nmeans for the feed nntor a

second sigmal foregwusi g thgidsi Yi 58 !%ﬁéﬂ&zﬂe@%ahg&e”%ﬁ@% egﬂq?xra%&%n

a testing voltage exceeding the upper-limt voltage during t dvanci
node of the el ectddtedtioh méfns Jésesatésohhebutplit FhBRIRALI euﬁli-bhk v!é’l’u‘é

as set forth in claim 5 wherein the first signal.. supplied to the
of the drill motor exceeds a predetermined first threshold
~ value and falls'below the first threshold value after the
elapse 6f a predetermined time.
10 (4) The.controller for a magnetic base drill unif as set
Iforth in'one of claims 1 to 3 wherein the feed motor is
- a d.c. motor, and the feed motor reversing means responses
to the hole cutting termination detection output to reverse
fhe polarityfof the d.c. voltége applied fo the feed motor.
15 (5) A controller for a magnetic base drill unit comprising
a frame having a magnetic base which magnetically adheres
to.a workpiece, an electric drill having a drill mbtor, and
/ . .a feed motor fixed to the frame for causing the electric
drill to advance upon and fecede from the workpiece, the
20. .céntroiler comprises:
hole cutting termination detection means for detecting
thé termination of the hole cutting in the workpiece by the
electric drill,
driving voltage generator means for generatihg a
25 voltagg to be applied to the feed motor,

means for supplying to the driving voltage generator



driving voltage generator neans is a function of the load on the drill

nmot or. (7y—The controller for a magnetic base drill unit as set forth in .
claims 5 or rst signal supplied to the driving voltage
gener at or ﬂum(i Bﬁ‘“ the vol tage - generated by the driving voltage
gener at or npre etermned | evel when the |oad of the drill notor.
Is lighter than a predeterm ned second threshold val ue. (8) The
controller for a magnetic base drill unlt as set forth in anyone of claims
5 to 7 Wigkshd the sippty f ‘gﬁg] e [ I
generator rreans ?s |§nh| bi té;idgﬁv\ﬁnft e secan %r%la fig'rlér\é'p v%‘ltttgaen

driving AFIERREYENPERBF nkhs, JeDgrateTha c@ﬁ#@t@mimda vedraigec base

drill uniguisablbé fortthé reDeetPic CHRLIE Bnteh8 ¥GPLRERR hﬁoﬁeed motor is a
d.c. notor, and the.feed notor reyersin rreans reverses. the polarity of the

d.c. voltage appt9ed ¥E9% LPERESHBE o MERRS, FesRRNS Ve (PR FBeeouEPUtng
t er m nat ich ddmcthoheout:putinglO)ternﬁ.mﬁdml | dstéetion MefBahEC lz@s_e drill

unit as ny, e ai and f.urt her :
conpri si %’Sév r%ﬁt%ngle‘avo ageféslégfna B‘E% r #reg‘ﬁie g? e MILRT n§oa
r ef er enc@Wididh g igfratrichiri bt ko rfbhﬁsré@edi:ngmodeg the reference

vol tage signal Wdfetye A% Hoalid"e'zotlPhibhetoRin®athe! OVEE%a%Q”e“C.

base andf r nerati ng_an output in _
(l e%e hegfeed motor by the dr:.v:.ng voltage generator'

‘means during the advancing mode of the electric drill and -
cutting the: power supply to’ the: drill motor and the feed - N/
motox when the applied: voltage has ‘exceeded a preset |
upper—limit value, and ' o - .
safety circuit - test. voltage generator means for

- supplying to ‘the driv:.ng voltage generator means ‘for the
feed motor a second SLgnal for caus:n.ng the: driv.mg voltage o
generator means to: generate a testing voltage exceeding:
the . upper-l.um.t voltage during the advanc:.ng mode .0of the

. electric’ drill. ' S _

.(6). The controller. for' a magnetic"dri'll unit as set forth'-.
in claim 5 wherein the first s:l.gnal supplied to the -
driving voltage generator means J.S a function of the load |
on the drill motor. ' S L _
~ (7) The controller for a magnetic base drill unit ‘as set
forth in claims 5 or 6 wherein the first s:.gnal supplied.'
to the dr:.v:.ng voltage generator means .‘LS to lower the..
voltage I ' .




respdhse to the conparison result when the power suppl oltage is | ower
than the reference voltage signal output, and marningfﬁgéﬁghT?ﬁ“iﬁwﬁfﬁf4;_

warning in response to the output of the conparator ne?ﬂq )
controller for a magnetic base drill unit as set 5 m r, I@Wﬂp

wherein the warning neans is a light emtt+ng2drode. (12) TFhetrc

for a magnetic base drill unit as set forth in claim10 or 11 wherein the
ref er&nce voltage signal generator nmeans is neans for generating a
pul seX1 ke 10 constant voltage signal. (13) The controller for a

magnetic base drgéneratéddy thé doivingvoleagé génératdd meand wbeaein
o RSl Rt oL "FARS G RGa) CE O B L nStBE Lo
constant vol t agelsghyret Graner at predetesmiidd)secdondmthoésholdovabeei ng
gfgjm.r f]‘tggs as her_FéPbEf_qfx‘?e deSkEL oo FOr " £TRIGRCE1 L bl LE GEEPTPRRYE NEs
: set forth in anyone of claims 5 to 7 wherein the supply of
the first signal to the driving voltage generator means is
inhibited when the second signal is supplied to the
driving voltage generator means.
(9) The controller for a magnetic base drill unit as
foN set forth in one of claims 5 to 8 wherein the feed motor
— is a d.c. motor, and the feed motor reversing means:
reverses the polarity of the d.c. voltage applied to the
feed motor in response to the hole cutting termination
detection output.
(10) A controller for a magnetic base drill unit as set
forth in any one of the preceding claims and further
comprising:
reference voltage signal generator means for
generating a reference voltage signal,
comparator means for comparing the reference
voltage signai with the voltage of power supplied at least
to the magnetié base, and for generating an output in
response to the comparison result when the power supply
voltage is lower
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© than the reference voltage signal output and

R T ..

warn1ng means for g1v1ng a warnlng in response to the
output of the comparator means. -

(11) The controller for a magnet;c base drlll unit as set

'forth in cla1m 10 whereln the warnlng means is a llght

emlttlng d;ode.
(12) The'controller for a'magnetic-base drill'unit as. set
forth in_clalm 10 or 11 whereln the- reference voltage s1gnal

generator means is means for generatlng a pulse-like

,constant voltage 31gnal

(13) The controller for a magnetzc base dr111 un1t as set

actzvates the warn;ng means when the power supply voltage '
is lower than the constant voltage signal output by the _.
constant voltage sxgnal generator means.

(14) A controller for borlng apparatus as herelnbefore

descr;bed-w;th-reference to the accompanying drawings.

forth in one of claims 10 to 12 whereln the comparator means -



