CONTRCOL SYSTEM FOR AN AUTOVATI C DOOR The present invention rel atgs‘ﬁc?‘éoq'!
contfol systemfor controlling operation_q{ an automati & door. Heretofore,{ '
‘as a control systemfor an automatic door, 5 there have been known vari ous
systens such as a control systemincluding limt switches for detecting a
position of a door, a control systemin which a rotation detector is

provided on a rotary shaft of a drive notor or another rotary shaft and

nuner- ical control of tha+k4 { ksgpeffe e is of the 10
detected rotational datéﬁﬂgﬂg%%$§g$&g§s é% ﬁh %E?gkﬂﬁggP% on a timng belt
for coupling a drive notor to a door are detected and counted and nuneri cal
control of the drive notor is effected on the basis of the counted data, or
the |like. However, in these known control systens in the prior 15 art it
was necessitated to provide any type of door position detector neans
separately fromdrive nmeans for a door, hence a nunber of conponent parts
of the systemcould not be reduced, and so, it was difficult to achieve
sinplification of tAdec@resanticinventhonredliatiesn tof aaconrtaiodc tsyrs tegn Rt .
20 Ig IS an . obj ect of the present invention to
provi de aSRBRTPIL 188 CRRTAA o it 3PedWECBABACt BapTis free fromthe
above-descri bed shortcomng imthe prior art.

Heretofore, as a control system for an automatic door,

5 there have been known various systems such as a control system

alr
(Y

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 aﬂd numer-
ical control of the drive motor is effected on the basis of the
10 detected rotational data, a control system'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 éontrol systems in the prior
\315 art it was necessitated to provide any type of door position
detector means separately 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 cf a manufacturing cost.

20 | It is an - object of the present invention to
provide a control systen for an automatic door that is free fronm

the above-described shortcoming in the prior art.



- 2- Anot her - obj ect.- of the present inventiomis to provide a control system
fnrlgn aut omat i ¢ door in which there i's no need to provide door position
detector means separately fromdrive nmeans for a door -and hence 5.

reduction of manuf acturing cost can be achigved. According to the present
invention there is provided a control systemfor an-automatic door
conprising: a D.C. brushless notor conprising armature w ndings formng a
stator, a field nmagnet formng a rotor and a 10 plurality of magnetic
pol e position detectors adapted to deliver respective series of nagnetic
pol e position detection pulses. indicative of rotor position and of speed
and direction of rotation of the rotor for control of the notor: 15 said
not or bei ng cou ed or §&ﬁpted to be coupled to a door nmenber via speed
reducti on neans 8tpﬁén Ject of shey Rkﬁﬁ#nﬁoléﬁﬁﬂtaesrlﬁeﬁbeprqudﬁna|on
control circuit conne ted to sg i d magnetic pole position detectors and
responsi ve to s§P8@* ﬁﬁgnQMQF%ﬁ) °r[ﬁﬂe9ﬁﬁﬁﬂ£ RPEciRoWhpghssherer is

determ ning the,, nB%%'E'O%r%%l |(%é¥¥npggq¢¥%naggtéggggb&egenerat|ng a

separately from drive means for a door and hence

5. 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
10 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:

15 said motor being coupled or adapied 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

20 pole position detection pulées for determining the



speed command signal indicating the direction and magni tude of the speed of
gai d door nenber: and a speed control circuit. responsive to said nagneghp’ ‘
" pole 5 position detection pul ses and said speed command signal for '
applying a drive control signal to said D.C. brushless notor so that. said
D.C. brushless notor nmay be driven at sgch rotational “speed that said door
menber can be noved at the speed indicated by said speed 10 conmmand
si gnal . The i, ti sl i\ bed ¥ rebyeyandratiind & ef erence
to the aconnsgﬁﬂg oh é?TéMld 4% éQEFagy-ﬂ@' Y d

g draw ngs, 1n whict [ 1 is a general system di agram

show ng one Q| "1%39 I dfeapingethel Qiceicitdon ami 5

Fig. 2 is a %%?gﬁdé:?g‘} e (pgalr ia]i Oi(:!i‘rcuit digagram showi ng a construction of
a D. C brushl g33iitie GItid1¥bésea tée sapar abosymiembeiiownd n Fig. 1.
Referring nowto Fig. 1, a D.C brushless notor Mis coupled to a driving
pulley 2 via a reduction gear 1, a door drive belt 10 4 is wapped around
the driving pulley 2 and a driven pulley 3, and a door 5 is connected to
the belt 4 vig gheedd et el neibeuit sespbasivie twosaisi wagnat HHVRALEN the
opening or closing direction by rotating the D.C brushless nmotor, Min the
normals or reyyysition detection pulses and said_speed_commandJslgnal

for applying a drive,contrql signal ;q_saiq DfC'”

brushless motor so that said D.C. brushless motor may be
driven at such rotational speed that said ddoglmgmber w
c#n be movedlat the speed indicatgd.by said sgeg@

10 command signal.



direction, respectively. 15 . In this D.C brushi ess notor M as
shown i‘h Flg. 2, generally armature windings 11 forma stator and a field
nagﬁﬁf]iZ forms-a rotor. In addition, three magnetic pole position |
detectars 13 each constructed of a Hall tffect elenent, a magnetic ,

rel uctahce el enent or ‘a photoel ectric el enent are di sposed on the stator at
an angul ar interval of [err] (only one magnetic pole position detector 13
is illustrated in Fig. 2), so that 5 three pulse trains having their
phases shifted by [err] fromone another are delivered fromthese nmagnetic
pol e position detec- tors 13 in response to rotation of the field nmagnet 12
forming the rotor._ In a control circuit section enclosed by a chain |ine
frame C, the angul He poeention wild betdescoilsd bpees) of ehempld Jitel d magnet
12 forming a rotor are determ ned on the basis of the nagnetic pole

posi tion detHErPEFE f@I &oe epomtnesying wyavingshede whicke-pul se trains, and a
drive control sigqgl is applied to the D.C. brushless notor Mon the basis
of . the. position'dfd 5pced erieaal swstemcdidocam sheslihgsmenptefierbbda power
switch cir-e%pdcuit 1 'ﬁéfociated.theremjth (See Fig. 2) switches D.C

dri ve .cur r eRPSOHIRNY T e peegned: iventiams @@ wi ndings 11 in accord- ance

with t drive control,signal to generate a necessary drive torque.
g &Hg. 2992 more d t;}led partial circuit diagram shoging

a construction of a D.C brushless motor contained in the control-

_ system shown in Fig. 1.

Referring now to Fig. 1, é D.C brushless motor M is.coupled
to a driving pulley 2 via a reduction gear 1, a door drive belt
10 4 is wrapped around the driving puliey 2 and a driven pulley 3,
and a door 5 is connected to the belt a'via.a connecting member
6 so that the door 5 can be moved in the opening or Elosing direction
by rotaFing the D.C brushless motor M in the normal or reverse

direction, respectively.

U 15 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. 1In addition, three magnetic pole position



The control circuit section C conprises a position 20 control®circuit 7, a-
speed control circuit 8 and-a D.C. power supply circuit 9 which:can be“5 i
-switched on and off externally of .the gpntrol circuit section C The ~
magnetic pole position detection pulse§ P delivered fromthe magnetic pole
position detectors 13 in the D.C. brushless nmbtor Mare input to the 25
position control circuit 7 and the speed control circuit 8. The position
control circuit 7 has its power supplied fromthe D C. power supply circuit
9, anietiextoasndd ekcho comstrugdasbPhandtalbwwitecswlerents a mReRe HiE
switch, an infrared sensor, a _capacitive sensor, etc. n@ich sepses access

of a relmEtansey elEmen ta AT FaRRORSHC TR G RLIRMEDY 2k LB FRISEE PRI for the
ot erthensSAbAr it G0t ARPUHAT QRS o HA ot oboRtbroRhenERAPELS s ¢ e
Poneoie gorsd Hiel et A g (AL R R L PR B O
dhrodiies siiss tHATE dhBnd MHUL DI, s PUCd By CEREIC BlotPORe OO
obnerosheid #1%, WAL £ai LSS e O [p01L Tp 01 BLbR b e 8 pendi ng
Upon eofetinerin he SPdiRs «f WEaPRIMIo£ tis field magnet 12 forming

[

the rotor.  In a control circuit section enclosed by a chain |

line frame C, the angular position and rotationél'epeed'of'the' o/
16 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.zhe positien and

speed data. In the D.C. brushless motor M, a power switch cir-

—
(8]

cuit 10 associafed therewith (See Fig. 2) switches D;C,.drive |

currents fed to the respective armafure windiﬁgs 11 in eccord?

ance with the drive control signal to generate a'neeesserf-drive

torque. S ) : o o W
The control circuit section C comprises a position -

20 control circuit 7, a speed control circuit 8 and-e.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

N
ul

~ 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



the pul ses of both polarities are taken into consideration. 15

In t.hesposition control circuit 7 is internally stored a prograntof a
predﬁﬂerhined sequence of operations for opening and closing the door-5 in
response to.the actuation signal sent fromthe access sensor switch SW
Hence, after the access sensor switch SWhas sensed access of a human body
20 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 &cass leermnt swiftdheSiBtalal SLUIEES LT og the
determ ned current position of the door 5, and this spe%glggﬁﬁa%§ quﬁﬁﬂeqs

applied to tif@S§Foed capadltide sEmsurf &hc.Théh Sdreeshrsdd roéc&i cg#}ta 8
cal cul ates and determ nes the speed of the door 5 on the basis o e
magnet i ¢ pol&Man body: iten agetasiomat imuldoesr Rrids sitachds Qin tdwee UBENE] | 'g}fgfle
posi- tion %@}ﬁgbﬁrs 13.i.n the D.C. brushless notor M and as a result~ 0
conpari son Bé&t T PRELEESN €@nditodcciigwudntd TnegThisdofi tivn sppatdf dihe
door 5 g ndi ¢gted-b speed command signal 5 applied fromthe position
control cirgg?? ;_éﬁ%g?WégfﬁrFgﬁgggFﬁééﬂpénOéhGQﬁmyﬁqnunf(ﬁhdiﬂbtﬁrﬁmidﬁ

the door 5 g@rbepRtpedoly+hthsahf .. it _determ nes the necessary accel eration
of the D.C. brushIeSSO?DFSE ﬁbagﬁdrfgéﬁégné AMORE tHet thires pwdlsehariaigsa

.delivered from the respective magnetic pole position detectors

13, and also determines the ﬁosition of the door § by counting
N up or counting down the pulses depending upon the difection of
10 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 qpon whéther the pulses of one polarity or
the pu;ses of both polarities are taken into consideration.

15 . In the positiqn control circuit 7 is internally
s;ored 4 program of a predetermined sequence of operations for
gpeningland closing the door § in response to the actuation
signal sent from the access sensor switch SW. Hence, after
thg-accesS~sensor switch SW has sensed access of a human body

20 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 § 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

25  circuit 8.

The speed control circuit 8 calculates and determines

the speed of the door S on the basis of the magnetic pole



‘polarity and a nagni-t ude carresponding to the directLdn'and_;O magni t ude of
‘t he necessary accel eration, which is applied to the D.C. brushless notor M

so-that the notor may be driven at such rotational speed that the door v i

can be noved at the desired speed indigated by the speed command signal. In
*the control systemfor an automatic doébr having 15 the above-descri bed

construction, when a human body cones close to the automatic door, the
access sensor switch SWis operated and an actuation signal is applied to
the position control cir- cuit 7 in the control circuit-section C_ In

response t Opbbet a6k Udé teat somgnallseheP possuddrf UNtTHA RASNARIC PYénPosties
a 20 speed command signal on the basis of a stored progr%n1of~

pr edet er ni neflonedetactons bbeimtthmsD dhd RriskhaTemo WS &P%Paeﬁ e YRSt
o L e ki i r 8 A T AT B L e,
motor Mo SpensRRRSCPECERE roRboy HERtafet BT Ee 1 TE s SR
SeRUICS ] pBRTEAN fin e RS IELSHSCORBTEIL L0y o e dereptces
less notor Ny2pee2BR! hRE heghiEudOSoFi Bhe COpéédl ofi tiveiidodras determined
by itself, it determines the necessary aécéiération of the D.C.
brushless motor M and issues a drive control signal having a
polarity and a magnitude correépohding'to the direction and
10 magnitude of the necessary écceleratioh,'whiéh is'appliéd 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
15 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 pdsition control cir-
cuit 7 in the control circuit section C. 'In response to the
actuation signal, the positioﬁ control circuit 7 generates a
,20 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
25 drive cohtrol signal to the D.C. brushless motor M to open and

close the door 5 according to the predetermined sequence of

operations.



wel | as_the speed cohtiol circuit 8 to be utilized for determ- 5 nation
of -thescurrent -position and the current speed of the door 5. In addition,-
owi.ng~t o the enploynent of the D.C brushless notor, the buzz noise
generated by an AAC. notor in the automatic door in the prior art can be
elimnated, and there- 10 by noi ses gen%{ated upon opening and cl osing the
automati c door can be reduced. Moreover? since control of a rotational
speed and a torque of a D.C. brushless notor can be easily achieved,

controllability of an QueinRot{kOs| edsof the automatic door is

excel lent. | -n@_t he (l:‘gse of. egpl oyi ngogﬁéﬁg& {c'ben\i"rqrers Fheypulisespd€livered
pover supply ffiamthe dageeeici pode poept Hin Agd | nery,where the A C
vol tage of the conmercial power Iin%éi S di'%fertceglc?%qu}o%%?ﬁé‘t )élhﬁ gaﬁan’?rlﬂh@

control systefi&cBOtaFnY evetapphiederd hw gitsian ondlk o r3 agg?g t %he
n arelatively sinple manner only by D Pfgi ¢*% he

different A eléoLtg?Et
20 circuit of tne2A TPV rentrohe jgrduiai Baltcadeantaqezph EBE BLESENL.
to the use of a D.C. brushl ess notor as A

i nventi og regi | Dt ovi n
ﬁh?ﬁgndgfegﬁédﬁu¥ﬁé&ﬁﬁ9q%&ﬁkﬂﬂ BRdmtheecomgenti speel o POBH | ¥

drive source,
detectors whsch is inherently associated with the 25 notor for controlling

rotation of the motor, can be utilized for determining the position of the
Sgg;r Qtegff, tl:::seh;esssn(j‘iiiﬁﬂ::ﬁto\b'wqﬂg‘?‘tgoﬁte' (e)ﬂpijg;ueng}xgro;o{het hDe. Cdoor
: , Uz noise generated by an A.C. motor in
o the automatic door in the pPrior art can be eliminated, and there-
10 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 employing an AC/DC converter
15 as.the D.C. power supply circuit 9, even in an area of a foreign
country where the A.C. voltage of the commercial power 1line is
different from that in Japan, the control system according to
the present invention can be adapted to the different A.C.
voltage in a relatively simple manner only by modifying the
20 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 utilizeg

fo? determining the position of the door hence there is no

need to provide a position detector for the door separately



10 CLAINB 1. A centr.ol system for an autoﬁﬁtlc door - CGﬂpLﬂSJﬂl_jLELgL—:_M
br ushl ess not or- conprising armature windings fornming a stator a fiel e
magne¢- forming a rotor, and a plurality of magnetic p umn tors
adapted to 5 deliver respective series of nagneti ﬂm ﬁ” "I

and of speed ard directton of

detection pul ses indicative of rotor p05|t|f&
rotation of the rotor for control of the not¥®r: said notor being coupled or

adapted to be coupled to a 10 . - door nenber via speed reduction neans to
transmt a driving power to said door menber: a position control circuit

connected to sai gﬁgﬁ etic pole position detectors and responsive to said
magneti c pole p detection pulses for determ ning the 15° position

of sai d door menber -and thereby generating a speed command signal
indicating the direction and magni tude of the speed of said door nenber;

ARSI 2 St N S AR
a D.C. brushless motor comprising armature windings
forming a stator, a field magnet forming a rotor, and a
plﬁrality of magnetic pPole position detectors adapted to
\— 5 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
10 door member via speed reduction means to transmit a

'dr1v1ng power to said door member:

U : a position control circuit connected to said magnetic
pole position detec;ors and responsive to said magnetic
pPole position detection éulses for determining the

15 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



r

11 £ Fyi [ I . - .
or—applying a drive control signal to said D.C. brushless notor so-that"
B " 3

 gaid tor my b '
. door Eh ﬁi f y be driven at such rotational s ‘i
Signal.iﬂﬁ | ed at the speed indicated by said Speeﬁegd thazosg| q
i n whi ch the pol g ol 'system for an automatic door as clainmed in Gamt
polarity and nmagnitude of the drive control. signal applied :

from sai ' ' '
sai d speed control circuit to said D.C. brushless notor are determ ned

osi ti on det 66F: BREINLas & HEIYE MRy UG e ot | ¢ Hoor

e S, R ) g dppemLcomp ot 957 o

senses accesg gf & %%&pd%éﬂwi’mgyggggts;hiiomfde%sooorr swi tch whi ch
can be moved at the speed indicated by said speed |

5 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,pon;rol . W,
circuit to said D.C. brushless motor are.detgrmined
10 depending upon said speed_command signal and'éaid

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 gene;ated_by an access

15 sensor switch which senses access of a human body to

gaid automatic door. | o
. o _ J




