61726 1

COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952

APPLICATION FOR A STANDARD PATENT

I\We,
NITTO KOHKI CO., LTD.
of 2-9-4, NAKAIKEGAMI
OOTA-KU
TOKYO
JAPAN

hereby apply for the grant of a standard patent for an
invention entitled:

DRILL APPARATUS PROVIDED WITH ELECTROMAGNET BASE AND
HAVING FUNCTION OF STOPPING DRILLING IN RESPONSE TO
DETECTION OF FLOATING OF THE ELECTROMAGNETIC BASE.

which is described in the accompanying complete specification

Details of basic application(s):

Number of basic Name of Convention country in Date of basic

application which basic application was application
filed
UM2-6333 JP 26 JAN 90

My/our address for service is care of GRIFFITH HACK & CO.,
Patent Attorneys, 601 St. Kilda Road, Melbourne 3004,
Victoria, Australia.

DATED this 24th day of January 1991

NITTO KOHKI CO., LTD.

GRIFFITH i“;ACK' & CO

et

T0: The Commissioner of Patents.

7

YA . 2 N -
oy B i B . g =S

e



Name(s) of
Applicant(s)

Title

Name(s) and
address(es)
of person(s)
making

declaration

a
Pl [e} o
a2 T
B

[ “
o a

«

¢

O

o ey Country, f£iling
oo date and name
vs® o of Applicant(s)
o @» for the or

2}

a

each basic
application

., Name(s) and

°v°“"% address(es)
of the or
each actual
inventor
;(; 2l
5 )
O o
] ) &
O [}

See reverse
side of this
from for
guidance in
completing
this part

Australia Patent Declaration Form
Forms 7 and 8

AUSTRALIA
Patents Act 1952

DECLARATION IN SUPPORT OF A CONVENTION OR NON-CONVENTION
APPLICATION FOR A PATENT OR PATENT OF ADDITION

In support of the application made by
NITTO KOHKI €O., LTD.

for a patent for an invention entitled DRILI, APPARATUS PROVIDED
WITH ELECTROMAGNET BASE AND HAVING FUNCTION OF STOPPING DRILLING

IN RESPONSE TO DETECTION OF FLOATING OF ''HE ELECTROMAGNETIC BASE
I &L, loshio MIKIYA of T-0-T7, Todoroki, Sefagaya-ku, Tokyo, Japan

do solemnly and sincerely declare as follows:-

1. 1 SR XX A P pIEE AR XK XERE XL KR X XK K
amX&Xe authorised by the above-mentioned applicant
to make this declaration on its behalf.

2. The basic application@X) as defined by Section 141 of the Act
was /WXL made in the following country or countries on the
following date(X) by the following applicant(¥) namely:-

in Japan on January 26, 19 90
by Nitto Giken CO., LTD.

in ' on 19

by ]

3. The said basic application(¥) was/WEX® the first
application(¥) made in a Convention country in respect
of the invention the subject of the application.

4. The actual inventor(&) of the said invention is/XXK
Michihiro SHOJI, whose post office address is 2-9-4, Nakaikegami,
Qota-ku, Tokyo, Japan

5. The facts upon which the applicant(¥) is/¥¥% entitled
to make this application are as follows:=
Applicant is the assignee of Nitto Giken CO., LTD. which in
turn is the assignee of the actual inventors.

DECLARED at Tokyo, Japan thjs 9th day of January, 1991

NITTO KOHKI CO., LTD.

T [rten g

Toshio MIKIYA, President”

a— . — e Y GUIP.



(12) PATENT ABRIDGMENT  (11) Document No. AU-B-69938/91
(1 9) AUSTRALIAN PATENT OFFICE (1 0) Acceptance No. 617261

(54)  Title
DRILL APPARATUS PROVIDED WITH ELECTROMAGNET BASE AND HAVING FUNCTION OF
STOPPING DRILLING IN RESPONSE TO DETECTION OF FLOATING OF THE ELECTROMAGNETIC

BASE
International Patent Classification(s)
(51)5 B238 041/00 B23B 039/14 B23B 045/14
(21) Application No. : 69938/91 (22) Application Date ; 24.G1,91
(30) Priority Data
(31) Number (32) Date (33) ' Country
2-6333 26.01.90 JP JAPAN

(43) Publication Date : 01.08.91
(44) Publication Date of Accepted Application : 21.11.91

(71) - Applicant(s)
NITTO KOHKI CO., LTD.

(72) Inventor(s)
MICHIHIRO SHOJI

(74) Attorney or Agent
GRIFFITH HACK & CO , GPO Box 1285K, MELBOURNE VIC 30061

(56) Prlor Art Documents
AU 69850/91 B23B 41/00, B23B 39/14
AU 77104/81 B23B 45/14, B23Q 9/02

(57) Claim

1. A drill apparatus with an electromagnet base
having an electromagnet for attaching to a to-te-worked
object by magnetic force, and an electric drill to be
directed downwards and advanced into the object to drill
the object, said apparatus comprising:

a drill motor for rotating said electric drill;

a Hall element situated on the electromagnet
base;

comparing means for comparing a Hall voltage
output from said Hall eiement with a predetermined
voltage; and

a safety circuit for stopping power supply to the
drill motor in accordance with an output from the

comparing means.
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The following statement is a full description of this invention
including the best method of performing it known to me:-
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Background ‘of the Invention

1. Field of the Invention

The present invention relates to a drill apparatus
with an electromagnet base, wherein the electromagnet
base is attached to a workpiece or a to-be-worked object
by magnetic force, and an electric drill directed down-
wards is advanced into the object to drill the. object.
In particular, this invention relates to a drill appara-
tus with an electromagnet base, wherein when the
electromagnet base floats above the object because of
some reasons, the rotation and advancement of the drill
motor is stopped immediately.
2. Description of the Related Art

There is well known a drill apparatus with an
electromagnet base, comprising a drill apparatus having
an electric drill with a drill or an unnular cutter
which can be moved vertically, an electromagnet base for
bringing the drill apparatus into magnetic contact with
a to-be-worked object, and a motor for automatically
moving the electric drill towards the object. This
type of drill apparatus is disclosed, for example, in
Published Unexamined Japanese Patent Application
No. 63-139605.

In this drill apparatus with an electromagnet base,
when cut chips or swarf of the object are caught in the
drill or annular cutter mounted on the electric drill,

the electromagnet base may be lifted from the object.
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To solve this.problem, there is emplbyea a conven-
tional drill epparatus with an electromagnet base
wherein, for example, a finger or a microswitch is pro-
vided under the electromagnet base and, when the
electromagnet base is lifted, the drill motor is stopped
by the operation of the finger or switch.

The conventional apparatus has the following
problems.

A finger or a microswitch requires a certain stroke
to effect ON/OFF operation of the contact. Thus, in
some cases, a fine 1lift of the electromagnet base cannot
be detected. |

In addition, a microswitch having a meéhanical con-
tact is liable_to_be-damaged.'

Summary of the Invention

The present invention has been made in con-

sideration of the above problems and its object is to

provide a drill apparatus with an electromagnet_base,

having a high'dufability( wherein even wheh the electro-
magnet base is slightly lifted, the 1lift éan.surely be
detected, and the rotation Qf a drill motor and also a
feed motor (if provided) can be stopped.

According to the present invention, there is pro-
vided a drill apparatus with an electromagnet base,
which apparatus is provided with an electromagnet base
having an electromagnet for attaching to a to-be-worked

object by magnetic force the apparatus with an electric
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drill directed downwards, said apparatus comprising: a
drill motor for rotating said electric drill; a Hall
element situated on the electromagnet base; comparing
means for comparing a Hall voltage output from the Hall
element with a predetermined voltage; and a safety cir-
cuit for stopping power supply to the drill motor in
accordance with an output from the comparing means.

According to this apparatus, the Hall element is
situated on the electromagnet base. A Hall voltage out-
put from the Hall element is compared with a predeter-
mined voltage. In accordance with the comparison
result, electric pdwer supply to the drill motor and
feed motor is stopped.

In the state wherein the electromagnet base is
attached to the object, the magnetic flux generated by
the electromagnet passes through the base and the
object. Thus, in accordance with the position of the
Hall element, the Hall element passes or does not pass
magnetic flux.

Suppose that the electromagnet base is attached to
the object and the Hall element is constructed so as to
pass magnetic flux. In this case, when the electro-
magnet base is lifted from the object, a gap is produced
between the electromagnet base and the object and the
passing of magnetic flux is disturbed. Thus, the amount

of magnetic flux passing through the Hall element

decreases.
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Inversely, suppose that the electromagnet base is
attached to the object and the Hall element is
constructed so as not to pass magnetic flux. In this
case, when the electromagnet base is lifted from the
object, the amount of magnetic flux passing through the
Hall element increases.

If the magnetic flux passing through the Hall ele-
ment varies, the output voltage or Hall voltage of the
Hall element varies accordingly. In accordance with the
magnitude of the Hall voltage, power supply to the drill
motor and feed motor is stopped.

Brief Description of the Drawings

The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.

Fig. 1 is a block diagram showing the structire of
a drill apparatus with an electromagnet base according
to & first embodiment of the present invention;

Fig. 2 shows in detail an example of a second
safety circuit shown in Fig. 1;

Fig. 3 is a side view of the apparatus of the first
embodiment;

Fig. 4 is a graph showing the relationship between
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a hole voltage Vh and a magnetic flux passing through a
hole element;

Fig. 5 is a graph showing the relationship between
an output voltage vV of an operational amplifier, shown
in Fig. 2, and a magnetic flux passing through a hole
element;

Fig. 6 shows the state of magnetic flux when the
entire lower surface of the electromagnet base is
brought into magnetic contact with an object;

Fig. 7 shows the state of magnetic flux when a
front part of the electromagnet base is lifted from the
object;

Fig. 8 is a side view of a drill apparatus
according to a second embodiment of the invention;

Fig. 9 shows the state of magnetic flux when the
entire lower surface of the electromagnetic base is
brought into magnetic contact with the object;

Fig. 10 shows the state of magnetic flux when a
front part of the electromagnet base in the second embo-
diment is lifted from the object; and

Fig. 11 is a block diagram showing a modification
of the second safety circuit.

Detailed Description of the Preferred Embodiments

The present invention will now be described with
reference to the accompanying drawings.
Fig. 1 is a block diagram showing a first embodi-

ment of the invention.
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Referring to Fig. 1, input terminals 12 and 14 of a
drill apparatus 10 with an electromagnet base are con-
nected to a commercial AC power source 100. A main
switch 16, in its first stage operation, connects a pair
of input terminals of a bridge-type rectifier 18 to the
power source 100, and, in its second stage operation,
connects a drill motor (DM) 20 and a bridge-type rec-
tifier 22 to the power source 100. Specifically, the
main switch 16 comprises terminals 16A, 16B and 16C. 1In
the first stage operation, the terminals 16A and 16B
contact each other and, in the second stage operation,
the terminals 16A, 16B and 16C contact one another.

An electromagnet (MG) 24 is connected to a pair of
output terminals of the bridge-type rectifier 18.

In this embodiment, the drill motor 20 is an AC
motor and a feed motor (FM) 26 (described later) is a DC
motor. A normally closed contact 28 is opened by an
operation of a relay (R) 30 (described later). A load
detector 32 detects an electric current flowing to the
drill motor 20, and includes a CT transformer, etc. A
triac 34 is controlled by a feed motor control circuit
36 (described later). The voltage generated by the load
detector 32 increases as the current flowing through the
drill motor 20 increases.

A pair of output terminals of the bridge-type rec-
tifier 22 is connected to a feed motor 26 through a

forward/reverse change-over switch 38. A feed motor
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control circuit 36 controls the switch 38, for example,
in accordance with the load applied to the drill motor
20, thereby switching the polarity of the output voltage
of bridge-type rectifier 22 supplied to the feed motor
26. 'Specifically, for example, when the load on the
drill motor 20 decreases and the drilling operation is
considered to be finished, the forward/reverse change-
over switch 38 is operated to rotate the feed motor 26
reversely and elevate the drill (not shown).

A first safety circuit 40 is connected to the
paired output terminals of the rectifier 22 through the
forward/reverse change-over switch 38, in parallel to
the feed motor 26. As is shown in Fig. 1, the first
safety circuit 40 is constituted by connecting a relay
(R) 40A, a resistor 40B and a diode 40C in series.

When current is supplied to the feed motor 26 so as
to lower the electric drill, the diode 40C allows
current tc flow to the relay 40A. The resistance value
of the resistor 40B is set so as to operate the relay
40K when a current exceeding a predetermined value flows
to the feed motor 26.

The relay 40A has a normally opened contact 42
(described later) and operates to close the contact 42.

By the second stage operation of the main switch
16, the drill motor 20 and the feed motor control cir-
After activated, the control

cuit 36 are activated.

circuit 36 controls the triac 34 in accordance with the
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output from the load detector 32. Specifically, when

‘the output from the load detector 32 is high (i.e. when -

the load on the drill motor 20 is high), the feed motor

control circuit 36 increases the firing angle of cUrrenf

" to the input of the bridge-type rectifier 22, thus

decreasing the CUrfen£ to this input. Inversely, when
the output from the load detector 32 is low (i.e. when
the load or. the drill motor 20 is lowj, the feed motor
control circuif 36 decreases the firing angie of current
to the input of the bridge-type rectifier 22, thus
increasing the current to this input.

The feed motor control circuit 36 has a master stop
circuit 44.

A differential circuit 46 of the master stop cir-
cuit 44 differentiates the output current of the AC
power source 100, which is supplied upon the second
stage operation of the main switch 16. At the time of
the second stage operation of the main switch 16, an
output differential signal from the differential circuit

46 increases owing to the rising of current flowing to

the drill motor 20 and bridge-type rectifier 22. Once

the output differential signal has increased, this

“signal begins to decrease.

The master stop reference vdltage generator 48
outputs a predetermined voltage (master stop reference
voltage) to an inversion input terminal of a comparator

50. When the output differential signal from the
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differential circuit 46 is & predetermined value or
more, the master stop reference voltage generator 48
increases the master stop reference voltage, and when
the output differential signal is lower than the prede-
termined value, it restores the master stop reference
voltage to the initial value.

A non-inversion input terminal of the comparator 50
is supplied with an output signal from the load detector
32.

An output terminal of the comparator 50 is con-
nected to a main relay drive hold circuit 52. The cir-
cuit 52 is operated by an "H" output of the comparator
50, thereby driving the relay 30.

The value of the master stop reference voltage
generated by the master stop reference voltage generator
48 corresponds substantially to a maximum value of
electric current to be supplied to the drill motor 20 in
the normal mode:. When the current actually flowing to
the drill motor 20 exceeds the maximum value, the output
of the comparator 50 becomes "H" and operates the relay
30, thus opening the contact 28. Consequently, even
when the main switch 16 is operated in the second stage,
the rotation of the drill motor 20 and the feed motor 26
is stopped (master-stopped).

At the beginning of power supply to the drill motor

20, that is, at the time of the second stage operation

of the main switch 16, electric current suddenly begins
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to flow to the drill motor 20. Thus, the output of the

load detector 32 may instantaneously exceed the value of

the master étop reference.voltage. However, at the time

:of the second stage operation of the main switch 16, the:

ouﬁput differential signal of the differential circuit

46 raises the'voltage value of the master stop reference

voltage generated by the master stop reference voltage
generator 48. In this case, the output of the'com—
parator 50 remains at the "L" level. When the current
value of the drill motor 20 lowers to the normal value,
the output differential signal of the differential cir-
cuit 46 is decreased accordingly and the master stop
reference voltage is restored to the initial value.

The main relay drive hold circuit 52 is connected,
as shown in Fig. 1, to an upper end detection switch 54,
a displacement detection switch 56 and the normally
openéd contact 42 of the relay 40A of first safety cir-
cuit 40. The main relay drive hold circuit 52 is
operated when these éwitches or contact is closed,
thereby driving the relay 30.

once the main relay drive hold circuit 52 is
operated, the 6peration thereof is kept ﬁntil the second

stage operation of the main switch 16 is released, even

'if the switch 54 or 56 or contact 42 is opened or the

output of the comparator 50 becomes at the "L" level.
The feed motor control circuit 36 and master stop

circuit 44 are also disclosed in U.S. Patent Application
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Serial No. 540,197 (1990/6/19) filed by the inventor of
the present application.

The main relay drive hold circuit 52 is also con-
nected to a transistor 58. The base of the transistor
58 is connected to, and driven by, a second safety cir-
cuit 60. The transistor 58 is turned on to drive the
main relay drive hold circuit 52 and the relay 30.

Fig. 2 shows in detail the circuit configuration of
the second safety circuit 60.

Power terminals A and B of the second safety cir-
cuit 60 are connected to the commercial AC power source
iOO (Fig. 1) through a trahsformer, a constant current
circuit, etc. (these are not‘shown) upon the second
stage operation of the main switch 16 (Fig. 1).

The‘terminal B acts as a ground terminal.

A Hall element 62 has a pair of poWer source ter-
minals 62A and 62B and a pair of output terminals 62C
and 62D. The power source tefminals 62A and 62B of the‘
Hall element 62 are connected‘to the power terminals A
and B.

Fig. 3 is a side view of the apparatus according to

the first embodiment of the invention. An electromagnet

base 64 is shown in cross section. 1In Fig. 3, the

- reference numerals, which are shown in Figs. 1 and 2,

. denote like sﬁructural elements. A drill or an annular

cutter (not shown) is mounted on an arbor 66, and an

electromagnet 24 is mounted within a recess 68 in the
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electromagnet base 64.

A Hall element 62 is attached to that side wall of
the recess 68, which is closest to the afbor 66.

Referring back to Fig. 2, the output terminals 62C
and 62D of the Hall element 62 are connected to a capa-
citor ¢, and also to first ends of the resistors Rl and
R2. The second ends of the resistors Rl and R2 are con-
nected to an inversion input terminai and a non-
inversion input terminal of an operational amplifier 70.

The Hall element 62 outputs a voltage proportional
to the magnetic.flux passing through the Hall element
62. Specifically, a Hall voltage Vh generated between

the inversion input terminal and the non-inversion input

terminal of the operational amplifier 70 varies in rela-

tion to the magnetic flux passing_through the Hall ele-
ment 62, as shown in Fig. 4.

‘An output terminal of the operational amplifier 70
is connected'to.the terminal B (ground'side).thfough_a
resistor R3 and also connected to a non—inversion.input
terminal ef a comparator 72 and an inversion input ter-
minal of a comparator 74. |

An output voltage V ef the operational amplifier 70
and a magnetic flux passing through the Hall element 62
have the relationship, as shown in Fig. 5, which is
similar to the relationship of Fig. 4.

Resistors R4, R5 and R6 are connected in series

between the terminals A and B. A connection node Va
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between the resistors Ré6 and R5 is connected to an
inversion input terminal of the comparator 72, and a
connection node Vb between the resistors R5 and R4 is
connected to a non-inversion input terminal of the com-
parator 74.

Output terminals of the comparators 72 anc 74 con-
nected to a first end of a resistor R7 through diodes D1
and D2. The second end of the resistor R7 is connected
to the base of the aforementioned transistor 58 (see
Fig. 1).

Fig. 6 shows the state of tue magnetic flux in the
case‘whére the drill apparatus‘lo with‘electromagnetic
base‘is‘brought into magnetic‘cohtact with the object
76. In Fig.‘6,‘thé sﬁructural parts of the‘drill‘
apparatus 10, exclUding‘thé electromagnet 64, are
omitted and not shown.

As shown in fig. 6, magnetic flux 78 generated
aroﬁnd the electromagnet 24 passes through the electro-
magne£ base &4 and object 76, and‘does not substantially‘
pass through the Hall element 62 attached to the recess
68 of electromagnet base 64. The resistance values of
the resistors R3 to R6 are set so as to make the output
voltage V of the operational amplifier 70 fall in a
range between Vb and Va.

If swarf is caught in the drill or annular cutter

mounted on the drill apparatus 10 or if the drill or

cutter becomes blunt, thrust load increases, thereby
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lifting that part of the electromagnet base 64, in which
the arbor 66 is provided, from the object 76, as shown
in Fig. 7. In Fig. 7, the 1lift of the electromagnet
base 64 is illustrated exaggeratedly.

As a result of this 1lift, a gap is produced between
the electromagnet base 64 and the object 76 and magnetic
flux passes through the gap. As is well known, a magne-
tic circuit is constructed so as to reduce the magnetic
resistance thereof to a minimum. Thus, part of the
magnetic flux 78 generated by excitation of the electro-
magnet 24 passes through the Hall element 62, and the
output voltage VvV of the operétional amplifier 70
‘increases.

When the output voltage V exceeds potential va, the
‘output of the comparator 72 goes to "H" level and the
transistor 58 is turned on. Consequently, the main |
relay drive hola circuit 52 is activated ana the relay
30 is driven. Thﬁs, the contact 28 is openéd,‘and the
rotation of the drill motor 20 and‘feed motor‘és‘is
stqppéd.‘ -

Since the operation of the main‘reiay‘drive hold
circuit 52 is held, as stated above, the master stop |
state is mainﬁained after the rotation of the drill
motor 20 and feed ﬁotor 26 1s stopped, even if the
electromagnet base 64 is completely attached to the
object 76 by magnetic force once again.

In this state, the main switch 16 is restored to
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the first stage operation mode and electric power supply
to the feed motor control circuit 36 is stopped.
Thereafter, swarf caught in the drill or annular cutter
is removed or the drill or annular cutter is replaced.
Then, the main switch 16 is operated in the second stage
operation mode.

Even when the drill apparatus performs a normal
drilling operation, if electric power supply to the
electromagnet 24 is stopped owing to breakage of a line
connected to the electromagnet 24 or bridge-type rec-
tifier 18, the magnetic flux 78 passing through the Hall
element 62 reduces to zero and the output voltage of the
operational amplifier 70 lowers below Vb. In this case,
the output of the comparator 74 becomes at "H" level and
the transistor 58 is turned on. Accordingly, the relay
30 is operated and the rotation of the drill motor 20
and feed motor 26 is stopped.

Even when the electromagnet base 64 is completely
attached to the object 76 by magnetic force, the Hall
voltage vh of the operational amplifier 70, i.e. the
output voltage V of the amplifier 70 varies in accor-
dance with the thickness of the object 76. In other
words, when the base 64 is attached to a thick object
(76), the magnetic flux 78 generated by the electro-
magnet 24 passes through the object 76 substantially
Thus, a very small amount of magnetic flux

completely.
78 passes through the Hall element 62, and the Hall
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voltage Vh is low.

Inversely, when the base 64 is attached to a thin
object (76), the magnetic flux 78 is saturated or
substantially saturated in the object 76. Consequently,
the magnetic flux 78 leaks slightly from the object 76
and passes through the Hall element 62. Thus, in this
case, the Hall voltage Vh is relatively high.

The resistance values of the various resistors may
be determined in the following manner. That is, when
the electromagnet base 64 is attached to the object 76
with a minimum thickness and to the object 76 with a
maximum thickness, which thickness allows the attachment
of the drill apparatus 10, the voltage V output from the
operational amplifier 70 coincides with the voltage at
the connection node’Va and that at the connection node
Vb. If the resistance values are determined in this
manner, the transistor 58 can surely be turned on in
either case where the electromagnet base 64 lifts or the
power supply to the electromagnet 24 is stopped. Thus,
the drill motor 20 and feed motor 26 are stopped.

Fig. 8 is a side view of a drill apparatus 80 with
an electromagnet base according to a second embodiment
of the invention. Fig. 8 is similar to Fig. 3. In
Fig. 8, the same reference numerals as are used in
Fig. 3 denote the same or equivalent parts.

That part of the bottom surface of the electro-

magnet base 64, which is near the arbor 66, is provided

—— & ..
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with a small hole 82. The Hall element 62 is situated
in the hole 82. |

wWhen the Hall element 62 is positidned iﬁ this
manner and the elecﬁromagnet base 64 is'complétely
attached to the object 76, as shown in Fig. 9, the
magnetid fiux 78 geheratéd by supplying power to the
electromagnet 24 passes through the bottom surface of
the base 64. Consequently, a great amount of magnetic
flux 78 passes through the Hall element 62.

If the front part of the drill apparatus 80 (i.e.
that portion of the electromagnet base 64, which is near
the arbor 66) is lifted.from the object 76 even
slightly, as shown in Fig. 10, the amount of magnetic
flux 78 passing through the bottom surface of the

electromagnet base 64 decreases and the Hall voltage Vh

"lowers.

.Though not shown, this type.of drill apparatus 80
with_electromagnet base has a stabilizer (of bolt type
or wheel type) at its rear part. The stabilizer
receives a reaction force of swarf, etc. 1In this
apparatus, Sinée the electromagnet base 64 is lifted
with a contact point of the stabilizer and the surface
of the object 76 as a fulcrum, it is desirable that the
location of provision of Hall élemenf 62 be at ﬁhe-ernt'
part of the base 64, as in the first embodiment.

when the Hall element 62 is situated, as shown in

Fig. 8, it would be advantageous to replace the second
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safety circuit 60, as shown in Fig. 2, with a second
safety circuit 84, as shown in Fig. 11.

Fig. 11 is a block diagram showing the second
safety circuit 84. 1In Fig. 11, the same reference
numerals as are used in Fig. 2 denote the same or
equivalent parts.

In the case where the Hall element 62 is situated
on the bottcuii surface of the electromagnet base 64, the
Hall voltage fallis when the base 64 is lifted. Thus,
the output voltage VvV of the operational amplifier 70 is
compared with the voltage at connection node vc which is
divided by resistors R8 and R9, as is:show in Fig. 11.
The resistance values of these resistors R8 and R9 may
be set so that the output voltage v falls below Vc when
the electromagnet base 64 lifts.

When the thickness of the object 76 varies, the
leakage magnetic flux is greater as the object 76 beco-
mes thinner. Thus, the Hall voltage is lower. When the
electromagnet base 64 is attached by magnetic force to
the object 76 having a minimum thickness which allows
the attachment of the drill apparatus, the resistance
values of the resistors may be set so that the voltage Vv
output from the operational amplifier 70 may substan-
tially coincide with the voltage at connection node vc.
Consequently, the transistor 58 can surely be turned on

in either case where the electromagnet base 64 is lifted

or the power supply to the electromagnet 24 is stopped.
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Thus, the drill motor 20 and feed motor 26 can be
stopped.

As is shown in Fig. 3, in the case where the Hall
element 62 is situated in the recess 68 in which the
electromagnet 24 is contained, it is not necessary to
provide the electromagnet base 64 with small hole 82 (in
Fig. 8) for storing Hall element 62. Thus, the fixing
of the Hall element 62 is easy.

In the second embodiment shown in Fig. 8, however,
only one comparator (comparator 74 in Fig. 11) may be
used in the second safety circuit. Thus, the structure
of the second safety circuit can be simplified.

As has been described above, the present invention
has the following advantages.

When the electromagnet base 64 is slightly lifted
from the object 76, the magnetic flux 78 passing through
the Hall element 62 varies. The variation of the Hall
voltage generated at this time is detected, thereby
immediately and surely stopping the power supply to only
the drill motor 20 or to both drill motor 20 and feed
motor 26.

In addition, since the Hall element 62 does not use
a mechanical contact such as a microswitch, a slight
1lift of the electromagnet base 64 can be detected for a
long time, and the detection of 1lift of electromagnet
base 64, the stop of power supply to the drill motor 20,

and the stop of power supply to the feed motor 26 can
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surely be performed for a long time.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the_specific details; and representative devices, shown
and described herein. Acéordingly, various modificé—
tions may be made without.departing from the spirit or
scope of the genéral inventive concept as defined by the

appended claims and their equivalents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A drill apparatus with an electromagnet base
having an electromagnet for attaching to a to-be-worked
object by magnetic force, and an electric drill to be
directed downwards and advanced into the object to drill
the object, said apparatus comprising:

a drill motor for rotating said electric drill;

a Hall element situated on the electromagnet
Lase;

comparing means for comparing a Hall voltage
output from said Hall element with a predetermined
voltage; and

a safety circuit for stopping power supply to the
drill motor in accordance with an output from the
comparing means.

2. The apparatus according to claim 1, further
comprising a feed motor for vertically moving the
electric drill,

wherein said safety circuit stops power supply to
the drill motor and the feed motor in accordance with
the output from the comparing means.

3. The apparatus according to claim 1 or 2,
wherein said Hall element is situated on the
electro-magnet base at such a position that magnetic
flux generated by the electromagnet passes through the
Hall element, when the electromagnet base is attached to
the to-be-worked object by magnetic force.

4. The apparatus according to claim 1 or 2,
wherein said Hall element is situated on the
electromagnet base
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at such a position that magnetic flux generated by the
electromagnet does not pass through the Hall element,
when the electromagnet base is attached to the to-be-
worked object by magnetic force.

5. The apparatus according to claim 3 or 4, wherein
said Hall element is situated on that part of the
electromagnet base, which is near the electric drill.

6. The apparatus according to claim 1, wherein
sald comparing means comprises a f£irst comparator for
comparing a Hall voltage output from the Hall element

with a first predetermined voltage and generating a pre-

determined output when the Hall voltage exceeds the

first‘predetermined‘voltage, and a second comparatot for
comparing the Hall voltage oﬁtput from the Hall element
with a second predetermined voltage and generating a
predetermined output when the Hall voltage exceeds the
second predetermined voltage,‘and |

wherein said safety circuit stops power supply to
the drill motor when eiﬁher the first comparator or the
second comparator has generafed said predetermined out-
put.

7. The apparatus according to claim 2, wherein
said comparing means comprises a first comparator for
comparing a Hall voltage output from the Hall element
with a first predetermined voltage and generating a pre-
determined output when the Hall voltage ekceeds the

first predetermined voltage, and a second comparator for
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comparing the Hall voltage 0utpu£ from the Hall element
with a second predetermined voltage and generating a
predetermined output when the Hall voltage exceeds the
second predetermined voltage, and

wherein said safety circuit stops pbwer supply to
the drill motor and the feed motor when either the first
comparator or the second comparator has generated said
predetermined output.

8. The apparatus according to claim 1, wherein
said comparing means comprises a comparator for com-
paring a Hall voltage output from the Hall element with
a predetermined voltage and generating a predetermined
output when said Hall voltage falls below the predeter-
mined voltage, and o '

wherein said safety circuit stops power supply to

the drill motor when said . comparator has generated said

predetermined output.

9. The apparatus according to claim 2, wherein

' said comparing means comprises a comparator for com-

paring a Hall voltage output from the Hall element with
a predetermined voltage énd generating a predetérhined
oﬁtput when said Hall voltage falls below the predetér-
mined voltage, and '

wherein said safety circuit stops power supply to
the drill motor and the feed motor when said comparator
has generated said predetermined output.

10. A drill apparatus provided with electromagnet
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base and having function of stopping drilling in

Hekin
response to detection ofK§}e§¥iﬁg of the electromagnetic
base, substantially as hereinbefore described with

reference to the accompanying drawings.

DATED THIS 24TH DAY OF JANUARY 1991
NITTO KOHKI CO., LTD.

By its Patent Attorneys:
GRIFFITH HACK & CO.

Fellows Institute of Patent
Attorneys of Australia
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