= UK Patent «GB oy 2 169 1074 B

(54) Title of Invention

Control system for an automaticdoor -~

(51) INT CL¢; HO2K 29/00, GO5D 318

S

(21) Application No
8531243

(22} Date of filing
19 Dec 1885

(30) Priority data
(31) 59/200206
(32) 29 Dec 1984
(33) Japan (JP)

(43) Application published
2 Jul 1986

{45) Patent published
27 Jul 1988 -

(52) Domestic classification
(Edftion J)
G3N 397 GE3A
U1S 1714 G3N

{56) Documents cited
GB A 2027285
GB A 2020815
EP A2 0040484
EP A2 0032441
EP A2 0031721

(58} Field of search
G3N
H2A
H2J
Selected US
specifications from

IPC sub-classes B66B

EOSF GOSD HO2P

(73)

(72)

(74)

Proprietor(s} »
Yoshida Kogyo KK .-~

(Incorporated In Japan)

No 1 Kanda
lzumikcho
Chiyoda-ku
Tokyo
Japan

Inventor(s)
Isao Haglwara
Yukio Yoshida

Agent and/or

Address for Service

Marks & Clerk

§7-60 Lincoln's Inn Fisids
London WC2A 3LS




2169107

40040

/

AN \\. ™

304N0S Y3Imod
31419373
TVIOH3IWW0D

_;m

11NJ¥1I
TOHLINOD
033dS

1INJ419
TOHLNOD

NOI1ISOd

—

~




2169107

¢l

¢l

11NJY81)
HOLIMS
43IMod

" 4]

g 914




10

15

20

2169104

-1 -

CONTROL SYSTEM FOR AN AUTO!ATIC DOOR

The present invention relates to a control system for
controlling operation of an automatic door.

Heretofore, as a control system for an automatic door,
there have been known various systems such as a control system
including limit switches for detecting a position of a door, a
control system in which a rotation detector is provided on a
rotary shaft of a drive motor or another rotary shaft and numer-
izal centrol of the drive motor is effected on the basis of the
detected rotational data, a control svstem in which teeth on a
timing belt for coupling a drive motor to a door are detected
and counted and numerical control of the drive motor is effected
cn the basis of the counted data, or the like.

However, in these known control svstems in the prior
art it was necessitated to provide any type of door position
detector means separatelv from drive means for a door, hence a
number of component parts of the system could not be reduced,
and so, it was difficult to achieve simplification of the con-

struction and reduction of a manufacturing cost.
It is an object of the present invention to

provide a control system for an automatic door that is free fronm

the above-described shortcoming in the prior art.
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Another object of the present invention is to provide a
control system for an automatic door in which there is
no need to provide door position detector means
separately from drive means for a door and hence

reduction of manufacturing cost can be achieved.

According to the present invention there is provided a

control system for an automatic door comprising:

a D.C. brushless motor comprising armature windings
forming a stator, a field magnet forming a rotor, and a
plurality of magnetic pole position detectors adapted to
deliver respective series of magnetic pole position
detection pulses indicative of rotor position and of
speed and direction of rotation of the rotor for control

of the motor;

said motor being coupled or adapted to be coupled to a
door member via espeed reduction means to transmit a

driving power to said door member;

a position control circuit connected to said magnetic
pole position detectors and responsive to said magnetic

pole position detection pulses for determining the
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position of said door member and thereby generating a
speed command signal indicating the direction and

magnitude of the speed of said door member: and

a speed control circuit responsive to said magnetic pole
position detection pulses and said speed command signal
for applying a drive control signal to said D.C.
brushless motor so that said D.C. brushless motor may be
driven at such rotational speed that said door member
can be moved at the speed indicated by said speed

command signal.
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The invention will be described by way of example with

reference to the acommpanying drawings, in which:-

Fig. 1 is a general system diagram showing one preferred
embodiment of the present invention; and

Fig. 2 is a mofe detailed partial circuit diagram showing
a construction of a D.C brushless motor contained in the control

system shown in Fig. 1.

HeFerring now to Fig. 1, a D,C brushless motor M is coupled
to a driving pulley 2 via a reduction gear 1, a door drive belt
4 is wrapped around the driving pulley 2 and a driven pulley 3,
and a door 5 is conmnected to the belt 4 Uia.a connecting member
6 so that the door 5 can be moved in the opening or closing direction
by rota?ing the D.C brushless motor M in the normal or reverse

direction, respectively.

In this D.C brushless motor M, as shown in FIg. 2, generally
armature windings 11 form a stator and a field magnet 12 forms

a rotor. In addition, three magnetic pole position
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detectors 13 each constructed of a Hall effect element, a magnetic
reluctance element or a photoelectric element are disposed on
the stator at an angular interval of 120 ° (only one magnetic
pole position detector 13 is illustrated in Fig. 2), so that
three pulse trains having their phases shifted by 120 ° from one
another are delivered from these magnetic pole position detec-
tors 13 in response to rotation of the field magnet 12 forming
the rotor. In a control circuit éection enclosed by a chain
line frame C, the angular position and rotational speed of the
field magnet 12 forming a rotor are determined on the basis of
the magnetic pole position detection pulses P consisting of
these three pulse trains, and a drive control signal is applied
to the D.C. brushless motor M on the basis of the position and
speed data. In the D.C. brushless motor M, a power switch cir-
cuit 10 associated therewith (See Fig. 2) switches D.C. drive
currents fed to the respective armature windings 11 in accord-
ance with the drive control signal to generate a necessary drive
torque.

The control circuit section C comprises a position
control circuit 7, a speed control circuit 8 and a D.C. power
supply circuit 9 which can be switched on and off externally
of the control circuit section C. The magnetic pole position
detection pulses P delivered from the magnetic pole position
detectors 13 in the D.C. brushless motor M are input to the
position control circuit 7 and the speed control circuit 8.

The position control circuit 7 has its power supplied

from the D.C. power supply circuit 9, and is connected to an
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access sensor switch SW such as a door mat switch, an infrared
sensor, a capacitive senéor, etc. which senses access of a
human body to an automatic door and issues an actuation signal
for the position control circuit 7. This position control cir-
cuit 7 determines the direction of rotation of the motor M on
the basis of the phase relations among the three pulse trains
delivered from the respective magnetic pole position detectors
13, and also determines the ﬁositicn of the door 5 by counting
up or counting down the pulses depending upon the direction of
rotation (starting from a reference position of the door 5).
It is to be noted that the pulses forming the three pulse trains
are generated for every 1/3 revolution or 1/6 revolution of
the rotor depending upon whether the pulses of one polarity or
the pulses of both polarities are taken into consideration.

In the position control circuit 7 is internally
stored a program of a predetermined sequence of operations for
opening and closing the door 5 in response to the actuation
signal sent from the access sensor switch SW. Hence, after
the access sensor switch SW has sensed access of a human body
to the automatic door, the position control circuit 7 issues
a speed command signal indicating the direction and magnitude
of the desired speed of the door 5 on the basis of the stored
sequence program and the determined current position of the door
5, and this speed command signal is applied to the speed control
circuit 8.

The speed control circuit 8 calculates and determines

the speed of the door 5 on the basis of the magnetic pole
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position detection pulses P issued from the magnetic pole posi-
tion detectors 13 in the D.C. brushless motor M, and as a result
of comparison between the desired direction and magnitude of

the speed of the door 5 indicated by the speed command signal
applied from the position control circuit 7 and the current
direction and magnitude of the speed of the door § determined

by itself, it determines the necessary acceleration of the D.C.
brushless motor M and issues a drive contreol signal having a
polarity and a2 magnitude corresponding to the direction and
magnitude of the necessary acceleration, which is applied to

the D.C. brushless motor M so that the motor may be driven at
such rotational speed that the door 5 can be moved at the desired
speed indicated by the speed command signal.

In the control system for an automatic door having
the above-described construction, when a human body comes close
to the automatic door, the access sensor switch SW is operated
and an actuation signal is applied to the position control cir-
cuit 7 in the control circuit section C. In response to the
actuation signal, the position control circuit 7 generates a
speed command signal on the basis of a stored program of the
predetermined sequence of operations and the current position
of the door 5 that is determined by itself on the basis of the
magnetic pole detection pulses P, and applies the speed command
signal to the speed control circuit 8, which in turn applies a
drive control signal to the D.C. brushless motor M to open and
close the‘door 5 according to the predetermined sequence of

operations.
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During the movement of the door 5, the pulses delivered
from the magnetic pole position detectors 13 in the D.C. brush-
less motor M are applied to the position control circuit 7 as
well as the speed control circuit 8 to be utilized for determi-
nation of the current position and the current speed of the door
5.

In addition, owing to the employment of the D.C
brushless motor, the buz:z noise generated by an A.C. motor in
the automatic door in the prior art can be eliminated, and there-
by noises generated upon opening and closing the automatic door
can be reduced. Moreover, since control of a rotational speed
and a torque of a D.C. brushless motor can be easily achieved,
controllability of an opening/closing speed of the automatic
door is excellent. |In the case of emploving an AC/DC converter
as the D.C. power supply circuit 9, even in an area of a foreign
cantry where the A.C. voltage of the commercial power line is
different from that in Japan, the control svstem according to
the present invention can be adapted to the different A.C.
voltage in a relatively simple manner only by modifying the
circuit of the AC/DC converter.

The principal advantage of the present invention
resides in that owing to the use of a D.C. brushless motor as
a drive source, the detection pulses issued from the magnetic
pole position detectors which is inherently associated with the
motor for controlling rotation of the motor, can be utilized
for determining the position of the door hence there is no

need to provide a position detector for the door separately




q

from the drive motor thus a number of component parts can be reduced,

and thereby reduction of manufacturing cost can be realized.
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CLAIMS
1. A control system for an automatic door comprising:

a D.C. brushless motor comprising armature windings
forming a stator, a field magnet forming a rotor, and a
plurality of magnetic pole position detectors adapted to
deliver respective series of magnetic pole position
detection pulses indicative of rotor position and of

speed and direction of rotation of the rotor for control

of the motor;

said motor being coupled or adapted to be coupled to a
door member via speed reduction means to transmit a

driving power to said door member;

a position control circuit connected to said magnetic
pole position detectors and responsive to said magnetic
pole position detection pulses for determining the
position of said door member and thereby generating a
speed command signal indicating the direction and

magnitude of the speed df said door member; and

a speed control circuit responsive to said magnetic pole

position detection pulses and said speed command signal
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for applying a drive control signal to said D.C.
brushless motor so that said D.C. brushless motor may be
driven at such rotational speed that said door member
can be moved at the speed indicated by said speed

command signal.

2. A control system for an automatic door as claimed in
Claim 1, in which the polarity and magnitude of the
drive control signal applied from said speed control
circuit to said D.C. brushless motor are determined
depending upon said speed command signal and said

magnetic pole position detection pulses.

3. A control system for an automatic door as claimed in
Claim 1 or 2, in which said position control circuit is
actuated in response to a signal generated by an access
gsensor switch which senses access of a human body to

said automatic door.
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