AN AUTOVATI C DOOR SYSTEM The present invention relates to an JURTT pisloor

system A typical automatic door system has a door coupled w and driven
by ‘a-belt extending froma drive pulley 5 _to its driven pulley.. The
driye pulley'is driven by a reversible notor. Controlled rotation g the
revefsible notor provides automatic openihg and closing of the doQft/ A

prior art apparatus for controlling such a door 10 system enpl oys sever al
swi tches mounted in the path of s4r ayebMRT 1EhE0HROEYE eI fferent position

t hereof. An activating nmenber ty'p'i-ca'1'1'y—i"fr1"r'?Te—1-o'r'n1"o1E-—a dog is nounted on
the door and successityRl prleWent tilte e ildiase tedy & fanvhaut ddi door is
advanced. One of the swit- 15 ches is adapted to indicate, when activated
by the dog, "to tdwrsysistemihen to decelerate the notion of the door.

Anot her one of the switches placed at the end of stroke of the door serves
to stop the door. Howewsfpiddl swomatgeTeidor eys teds re Ly adao pasddp ed ng
of the 20 switches as well as a laborious work of electrical connection

thereto. A door widht ramd drsitven rbecentbed tpreogteesatiinyy fitoan Appd o icentpyllpanese
Pat ent Application No. 133383/81, riled August 27, 1981) ains to elimnate

such di sadvan- % tidgedrdverutivulileys a Tthecifr igenarwlilay drs vimiven the awot or

For driving the door. Pulses indicative of the speed of the nmotor and
therefore the dé&vefisdble motor. Controlled rotation of the reversible

motor provides automatic opening and closing of the’
W door.
A prigr art appafatds for controlling such a doar
10 system employs several switches mounted in the path of
travel of the door at different position thereof. An
activating member typically in the form of a dog is
@ounted on the door and successively furns the switches
'oh or off when the door is advanced. One of the swit-
15 ches is adapted to indicate, when'aé£ivated by the dog,
to the system when to decelerate the motion of the door.
Another one of the switches placed at the end of stroke
of the door ée:ves to stop the door. However, this
arrangement_requires accurate positioning oF_thg
20 switches as well as a laborious work of electrical
connection theretﬁ.

A door control sysfem recently proposed by the
Applicant (Japanese Patent Application No. 133383/81,
riled August 27, 1981) aims to eliminate such disadvan-

25 téges and utilizes a.facho generator driven by the motor
for driving the door. Phlses indicative of the speed

of the motor and therefore the door are



-

-2- derived fromthe AC output waveform of the tacho generator. A counter
counts up or down the pulses relative to a predeterm ned stroke of the door
"so asfy produce the current position of the door. The control system .
provh\d&2 a controll ed-decel erati on and stop of the 5 door in accordance °°
with the detected current position of the door. In general, an autonatic™
door is decelerated to a | ow speed before it reaches either of its stroke
ends so that the door wi |l have -az2sapothed stop action at the stroke end to
prevent hazard. For this purpose, it has been practiced to determ ne an 10
opti mal @paémdwgrpmrqmm A&nd“’@?ﬁ*oﬁ?f’ﬁﬁ?“dé’éeﬂé? dacha gerevaten- t e basis of
t he door cvvmg and t he mecganl Cl:%' 1|1isd i_gtsivset anece ¢ of L grngooerd The
prior -ar£°¢8 ?rroclousyit m-enproys a dece el & I Ny st &IF e15|1y5| ca‘ﬂ
posi ti onedrake d¥e tHet &dd¥ B6Uaslagrbesdided RhROMWErenthBoSit iUt oﬁlﬂféahoef t he
swtch is used 15 to switch the systemfroma high speed node of operation
to a redfbedcapeed Aptken pnoﬂﬂ@%yst:@ﬁmééeﬁwgﬂeélespm apd stap Afptiecant ,
a decel eratio p0|n | | in_an_el ectrL ne When t he
curroht  400F T BREPEte, RAER s MeRiledd SRR S BO5LERn BB Khokn e set
val ue of decel efay@detli,Nn SutRAEEEdicRCed dédaiRray¥sd add WS1&Widgekad into
operation. However, the sliding resistance of a door not only depends on

t enper at beferairit weachga edsher quérzﬁsatxtqke geds ssuthat shevdetewiddilt h tine
due to sxlcg as d%toﬁé oral tloncé)fo a alénd QL tzhevegl1 ﬁé T(Iy’r.s | eads to
variations tn 056\ \f bragl?i Jt(_;)’r n(fﬁg eratlo%ep A5} f&refore, in
order to naint gor anwmur@sakepe&ra‘ aam gf:aéﬂﬂceaoeé &é&elmﬁnefaﬂ he above-
systenms would require a troubl esome manual adjustnent either by o/
10 optimal bracklng torque and an optimal deceleratlon point
on the basis of the door weight and the mechanical sliding
resistance of the door. The prior art control system employs
a decelerating switch physically positioned at the determined
deceleration point. The'output signal of the switch is used
' 15 to switch the system from a high speed mode of operation’ to
a réﬁuced speed mode. - | '
In the system recently proposed by the Applicant, a
deceleration point is internally set in an electrical component.
When the current door position signal from the counter co-
20 incides with the set value of decelerated point, a reduced A
speéd drive system is ;witched into operatioﬁ. '
However, the sliding resistance of a door not only
depends on temperatures and wind pressure adainét'the door
but also varies with time due to such as deterioration of a
‘25 ‘guide rail for the door. This leads to variations in optimal
braking torque and deceleration point. Therefore, in order to

maintain an optimal performance of the door either of the above

. systems would require a troublesome manual adjustment either by



-3- changing the set value of the deceleration point by neans of such as a
variable electrical register or by repositioning the decele- rating swtch
-meunted in the path of door each tinme the sliding resistance of the dgar
changes. In actuality, repetitive adjust- 5 ments of deceleratio )i nt
f oMNFowi ng the change of sliding resistance smLe too nuch trouble for an
operator to do. Thus, an optinmal performance of the door through an

extended tinme ofchBR§irRdtKaRebova106dMere deteicrdtebn Poest RyShednscobysuarans
of the present inventiion 10 to provide an automatic door systemincl uding

an inproved appasahWariable ebédtelibal gegisterpenibygrepoditiardngothef decedeor
whi ch does not require any switches or dogs physically positioned relative
to the door, andabinglwtteh naunted in dhe gyethnef doer femchukice the tsiéditgor
operation irrespective of variations in the weight and/or sliding 15

resi stance of t resiistance Aofotherdobel ¢henges podnidstualityef rafedipivesadjust-
invention.is to provide an automatic door system i ncludi ng apparatus for
con- trollifdg tmentpeafi decedanationspeigtofoldoning the chapge #TnahidiNgt hat t he
door opration cycle conmplete in a mninmumtjime while providing_20 a

saf ety operati orFes»ekascai#rg teop myeh i treuble AT 13k PReTatop t fed TAHS adomat i ¢ -
door systemincluding a ratus faqr,_controlling.,the operatjon. of .an .

aut omati ¢ door c?@ﬁ‘b‘?'?g]s ng&rmﬁ‘éﬁng?fw B??ﬁ/itbf haa'aéed‘gf'é‘feflt ?‘WF g6 friod
associated with the 25 doe%{ operation; nmeans coupled with the door for

driving the doo/can be obtain

1P It is believed possible by means of the péesent invention
10 to provide an automatic door system including an improved apparatus
for controlling the opening and closing of a door which does not
require any switches or dogs physically positioned relative to the
door, and whiﬁh can maintain an optimal performance of the door
-operation irrespective of variations in the wéight and/or sliding
15  resistance of the door. .
Another beiieved possiﬁility of the hresent invention is
to provide an automatic door system including apparatus for con-
trolling the opening and closing of a door in such a manner that
 the door opration cycle complete in-a minimum time while providing
20 a safety operation. |
-Aécording to the invention there is provided an automatic
door system including apparatus for controlling the operation of
an automatic door comprising:- -
meéns for providing a deceleration point associated with the
25  door operation;
means coupled witﬁ the door for driving the door;
means for providing a sﬁeed control of said door driving
means;

~means for electrically obtaining the current
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means for providing a speed control of said door driving nmeans; neans for
electrically obtaining the current position of the door; neans for
" conparing-said current position of the door with said deceleration point td -
generagﬁaa | ow speed comand upon the coincidence of said current 5 -
n

posi ti with said decel eration pdint so that said speed control neans will
decel erate the door toward a | ow speed in response to the generation of
sai d | ow speed gou¥HRoWl of TBRIEobPy MeEAsuring a variable run-length of the
door which is subject to variations in the nechanical 10 condi tion

of the door;, means for mears for xomperihgt e41d Befrdnpegiddon raf- | engt h of _
the door; and neans for correcting said deceleration point by utilizing the
measur ed run-| ethg doamavithesgidedetelerativadpdint : to generdtenasimed run-| engt h.
The above run-1length neasuring neans nmay conprise neans for neasuring a | ow
speed run-| engt $pesdecomuand Hiponethi cpincisience wfl s3idreyenendt a | ow speed.
Alternatively, it may cqnﬁrise means for neasuring a decel erating

run- | egt h overPegiitéen mish gpidodrcelsraion| Reinteso %"é‘ﬁn s 18i gpeedpeed to a | ow
speed. In the case erein the | ow.speed.run-1length asuring neans are
used, .the decel SHHP rWeﬁBFri’f‘qioﬁ"?céJFFﬁ? %@%a?%&?% ﬁ§¥! $Pe€8npar at or for

comparing {he mEasuLseh o YEeere Bt idr BF bl 16 peed SRk ned opt i mal

means for measuring a variable run-length of
the door which is §ubjéct to variat{ohs.in the mechanical WJ
10~ condition of the door;
-means for setting a'pre-déferﬁined'low speed
run-length of the door; and - |
means fof cdrrecting'said.déce1eration point
by utilizing tpe measured run-]ength'and the pre-determined
15 low speed run-length. | |
The above runélength measuring means may comprise means
fof measuring a low speed run-length over which the door has
actually moved at a low speed. A]térnative]y,-it may comprise
means for_measurihg a decelerating run-length over which the
20 door is decelerated from a high speed to a low speed.
In the case wherein the low speed run?length measuring
means are used, the deceleration point correétihg means may
comprise a comparator for .comparing the measured low speed run-
length with the predetermined optimal Tow spéed run-]ength to
25 obtain the departure of the former ffom the latter and an arifhmetic
unit for subtracting the value of departure from the deceleration

point.



25- obtain the departure of the former from.the latter and an arithnetic

unit for subtracting the value of departure fromthe decel eration point. N
-5-*tn the case wherein the decelerating run-length neasuring neans are (:;/
used, the correcting neans may conpri se neans for conbining (adding) the
nmeasur ed decel erating run-Iength\MtI1§he predeterm ned optimal | ow speed
run-length to produce a 5 corrected decel eration point. The invention

wi |l be described by _way of exanple with reference to the.acconpanying
drawi ngs, wherein: -  ¢he|casg shereig dendeceleraingorunsieasth measuringmati c

door system enbodying the -present invention; 10 \ Fi g. shows part

of " the system iBF3PF ..eluF?ﬁP’uSF? SOFRECY NG JERARS B FB’F?“&et'&{aﬁﬁ égnerat or and
i ated ci it. Fig. ' .dj trol

embodyi ng t he SIBAnTia odiiRed ety et AP IR IHan e O o

q ti : t g . LG ¢

door Operat | on b predetkHired o APClow WM R BRAEH B6! Fhte T

representat igon éyrgﬁef_gd A& 1R b H:'Hﬂt.r ating the concept of automatic

correction of deceleration pornt 1n accordance with the present invention.

20 - Fig. 1 ithedilved®ianTWill] Coe/ lde¥erbel Ny RBY | g7C el eC ' O
system A notor designated by Mis coupled with a drive pulley 2 through a

reduction gear refeferc® to4thexacttmpahying drawidgs y awhpréiney 2 to a driven

pulley 3 and is coupled to a door 5 by '

' Fig. 1 is a diagrammatic view of an entire automatic door
“ _ system embodying the present invention;

10 Fig. 2 shows part of the system in Fig. 1 illustrating
a speed control, a tacho genérator and.associated circuit;

Fig. 3 shows a detailed block diagram of a control
embodying the present invention;
Fig. 4 is a Qréphica] representation of door operation

15 illustrating door running characteristics.for different mechanical
conditions of thé_door; and

Fig. 5 is a graphical representation of door operation
illustrating the concept of automatic correction of deceleration
point in accordance with theipresent invention.

20 Fig. 1 is a diagrammatic view of fhe entire door control
system. A motor designated by M is coupled with a drive pulley 2
through a reduction gear 1. A belt 4 extends from the drive
pulley 2 to a driven pu]ley 3 and is coupled to a door 5 by
méans_of a coupling member 6. Therefore, a forward and reverse

25  rotation of the motor M will provide an opening and closing of

~

the door 5.



means of a coupling nenber 6. Therefore, a forward and reverse 25
rotatron of the notor Mw Il provide an opening and cl osing of the door 5.
- Sa&%A tacho generator 7 in the formof an alternator is coupled with the
not or to produce an output signal which passes through a rectifier and /'~
ripple filter circuit 8 to a canggniti onal speed control circuit 9 and al so
passes through a pul se shaper 10 5 to a main control circuit 11. A
sensor 12 in the formof such as a mat switch, a photoelectric tube and so
on is adapted A cadrd eehetdwrappimoghé formaohansditerpatdreisloor 5 to produce
and supply a signal [err] to the main control 11 which in turn wl|

gener at e couplediwithgthel motar Mota rpobdlsqneed aukput dignat eiich Passesiri ve the 10

notor M -6- circuit 9 to drive the notor M The details of each
conponent thxiough l?e"@l@%‘ﬁfﬂﬁbe&!ldbwwé#ef‘e]rf@@ ¢ircrity 8 20 Fieenventtiongkner ator 7
is coupled to a roration axis of t he notor M and g' nerates an AC vol t age
in resportfeed CantEo} &iseHbh 9oand ﬁésﬂt&aéﬁe%/lthrﬂ'ég’bén@# shapert Hye wil |

i ncrease and decrease Lh a e and frequency , as the M runs at
hi gheP ant? Iad%’l" contred C}@&tcﬁu veﬁys ?ﬂ%q:ée&'i'lqhieeﬂ%ﬂ'@?”ﬁbl e filter
cireuit 8ascgnrﬁ) W tceh a photoe'lectric tube and so on is adapted to

detect the approach of a person to the door 5 to produce and suppl y

a signal R-| to the main control 11 which in turn will generate

control signals to control speed control circuit 9 to drive the

10 motor M.

S s i « s e—



10 di ode bridge 13 adapted to provide a full-wave rectification of the
out put voltage fromthe tacho generator 7 and a ripple filter 14 ad-Egéﬁ to
obt ai-n a snoot hed DC voltage V1. The output voltage [err] is in pr&gortion
te the rotational speed of the nmbtor Mand is supplied to the speed control
citeuit 9. 15 The pul se shaper 10 includes hal f-wave rectifying
means adapted to obtain positive half waves of the AC voltage fromthe
tacho generator 7 and wave shapi ng neans adapted to produce and supply
rectangul ar ‘pul ses [err] to the maim 6ontrol 11 to be counted therein. The
nunmber of the pulses [err] indicates 20 = the length over which the door 5
has moved. TK&rspded Eorifriye Ehe AAHTOMtncl udes an operational anplifier 15

adapted to anplify thedQHifﬁ%rGS?%?éh “8hb SR OGLYE SR LBScPidRAULy VOl tage V1

fromthe rectifier and ripp ter cirtrucit 8 and a set voltage of [err]
i ndi cat es a pegdpémenitackichi gh 25 speed while VL indicates a

predet erm ned | ow speed. = The out put _of the-(ip rational lifier 15 is
connected te a speddechAthDITREFIRdnd? AP fg ﬁ%li‘ptrgﬁa?’{?“géﬁé?a? pul ses

in accordance,u ;ng;rh 4 anNgeSédNakef {0 PlsBEnPAALhENA
anplifi ergl q:_hgn_ﬁ _ aﬁd%éﬁ%&gﬁéegmato ?i rst gﬁd secoEdnAND gates 16-1 and
16-2. An openetatiwl ofnpheé frickorl1B. c Mgeagesedatedom hagevvillagackezsd from

the rectifier and ripple filter circuit 8 with the set voltage of [err]
generates a Ingkiegreasgnit pditide aEdeF?‘H’gfé‘ck’e??]a’ﬁe?}Bﬁ%% 'ﬁ'ﬂjﬂ%r T han the

50 To a by ANPHeE S Loak ileat BURLER S0 0l Vel v produces brai ng
The rectifier and ripple filter circuit 8 comprises a

10 diode bridge 13 adapted to prévide a full-wave rectification-
of the output voltage from the tacho generator 7 and a ripple
filter 14 adapted to obtain a smoothed DC voltage V,. The
output voltage V; is in proportion to the rotational speed of
the motbr M and is supplied to the speed control circuit 9.

15 The pulse shaper 10 includes half-wave rectifying meéns
adapted to cbtain pdsitive half waves of the AC voltage from'
the tacho generator 7 and wave shaping means adapted to-prbduce
and supply rectangular pulses Py to the main confrol 11 to
be counted therein., The number of-the pulses Py indicates

20 the length ovér which the docor 5 has moved.

The speed control circuit 9 includes an operational amplifier

15 adapted to amplify the differential voltage between the output
voltAQe Vl from the rectifier'and ripple filter cirucit 8 and
a set voitage of-VH or V. ; Vy indicates a predetermined high-

25 speed yhile VL indicates a predetermined low speed._ The output
of the operational amplifier 15 is connected to a speed coqtrol
pulse generator 17 adapted to generate pulses in accordance .

with the amplitude of the signal from the operational amplifier
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pul ses and applies themto the third gate 16-3.. A stop signal ST is used to
operate a stop swwtch 20 so that the output voltage 10 V1 is grounded. A
signal~Jerr] indicates a forward rotation of the notor Mand is supplied td
t he f@s) AND gate 16-1. A signal R commands a reverse.rotation of the . v’
not or and is supplied 3 to the second AND gate 16-2. The output signals
fromthe first and second AND gates 16-1 and 16-2 are connected to first
.and 15 second OR gates 21-1 and 21-2, respectively. The output signal
fromthe third AND gate is conneet®ed to both the first and second OR gates

21-1 and 21-2. Thus, the,f d_si gnal ' t ed d trol
Ul sea 1 rEEPRCS A e SHER Sent 7 o5 A sSRE D, 93 EasdPah e T Er ot AND |
gate 16- Jmaagew@ia‘nialis.amp?ﬁfiegﬁgampaéeslttn@ augaif.el\‘hehe%}]é qde-[err] of a

first triac 22-1 for . forward rotation of the notor t e ot her hand,
when t he finopekhe mbcgdfief and| rippefélterdiircpide® edthr the melttses from t he

pul se gener.ator asses through the engbl ed second AND gate 16-2 and the
second d¥°d‘§‘?geﬂl€£it 8ra§1ge?f‘8 g?’é?ﬁaraﬁaea ag‘ﬁné %"?é‘c%?fgt ac 22-2 for
reverge r®1abbew 0fhetBhe@s HYlghbp £hlnS tHBNEEY wvoll BEgdDt @he Miakingntrol led to

secl ectively run Lt a hi gh speed set by the voltage [err] or & | ow speed
set by thHgnelt dgyeappliedidca @ bhitd MBdgdte tlife3adnd \adspoto & t he stop - 8-

switch Z%a%,res%se tg t.aH:I% S&gpws.i nal STsso ihatrotdheed or .5 XrVi |1
correspo afy & gBREATPGhOr G, SRR SANE WiRTOIBESR (HHHEAT Before
turning tgyitslg ed aph3iod dHae B8 theL RREFP|gakd 16-3. A stop signal _
| ST is used to operate a stop switch 20 so that the output voltage o/
10 Yy is grounded. A signal Rz'indicates a forward rotation of the
motor M and is supplied to the first ANﬂ gate 16-1. A signal
'R3 commands a reverse rotation of the motor M and is supplied
to the second AND gate 1l6-2. The outpﬁt signals from the first
and second AND gates 16-1 and 16-2 are connected to first and
.15 second OR gates 21-1 and 21-2, respectively. The output signal
from the third AND gate is connected to both the first and
second OR gates 21~1 and 21-2. Thus, when the forward signal
Rz is generated, speed control pulses from the pulse generator
17 passes through.the enabled first AND géte 16~1 and the first
20 OR gate 21-1 to a gate electrode Gy of a first triac 22-1 for
forward rotation 6f the motor M. On the other hand, when the
reverse signal R3 is geﬁerated, speed control pulses from the:
pulse generator 17 passes thfough the enabled second AND gate
16-2 and the second OR gate 21-2 to a gate electrode G2 of a
25 second triaé 22-2  for reverse rotation of motor M. In this
manner,. the motor M is controlled to seclectively run at a
{ipiéh speed set by the voltage VH or a low speed set by the

-énd to be braked by the activation of the stop

voltage Ve



5 it may be convenient to describe the ways in which nechanical con itkon
of the door (e.g. sliding resistance of door) will affect the door |, >
operatlon Fig. 4 shows running characteristics of the door for dif
.mechani cal conditions. In a door opening (or closing) 10 operation, the
dodw starts at one end of its stroke (not shown in Fig. 4) and is
accelerated to run'at a high speed as indicated by a line ain Fig. 4. At a
decel eration point as indicated by A ? | ow speed conmmand is generated and
‘fed to a door speed control as exenplified in Fig. 2, by which the 15

door is decel eiates Fo0uar fesponew wpard stosli sianad $y dohenkowrepass: conmand.
At this point, it should be noted that the rate of decrease of the door

speed depends 50n1%hé=°er>'€|e§wr¢glnsézmecar= ¥ oHgiht PBNLqwe sgeed |andi Hyll
resi stance) ofbet Q@o For a mddle sliding resistance, the door wll
sl ow down with a m e rate 20 of decrease as indicated by curve b in

Fig. 4, and the run-pdfop@t turdiihgNgo andcactLIial o Otiema®d ¥éddrobern, medi um
one as indicated by .a length [err] in Fig. 4. Wen the door reaches poi nt
B, the doo¥ spéeday e éanterei% HOIQﬂﬁ°§ph%th°aHaY§hié”rUhiahtf@Ctheciﬂoor

continues runnin a w sPe ed un 1t 25, ed at .jhe stroke
end of the doo?ngjét?ndl ca °°r tstlé \flg\slzé??anfcgr °r|) wf‘ J;il ng

resi stance, the&rdeorena hbobebpdesej_&[ ated nore quickly. Thus t he door wl |l
follow a curve b' having greater rate of decrease before it conmes to -9-
run at a | ow speed dtiga poshawsprunming chpwmrhesdsyics I9€ Eb@-ddoEn§eR during a

deC:EI/:er ation RS Egpenvg Lnlecggnzséyir E&{dﬁﬁohgg' (ﬁ[ gddoor opening (or closing)

10 operation, the door‘starts at one end of its stroke (not shown
in Fig. 4) and is accelerated to run at a high speed as
indicated by a line a in Fig. 4. At a deceleration poiﬁt as
indicated by A, a low epeed command is generated and fed to
a door speed tontrol as exemplified in Fig. 2, by which the

15 door is decelereted toward a low speed indicated by the low speed
command. At this point, it should be noted that the rate of
decrease of the door speed depends on the existing mechanical
condition (e.g. sliding resistance) of the door. For a middle

. sliding resistance, the door will slow down with a middle rate
N 20 of decrease as indicated by curve b in Fig. 4, and the run-
length during a decelerating period will be a medium one as
indicated by a length L in FPig. 4. When the door reaches
point B, the door speed is reduced to a low speed, and there-
after the door continues runnlng -at that low speed until it

25 is stopped at the stroke end of the door as indicated by a
point C. However, for higher sliding resistance, the door
will be decelerated more guickly. Thus the door will follow

a curve b' having greater rate of decrease before it comes to
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by a length [err] On the other hand, for |lower sliding resistance, the door

wi |l be decelerated gradually to nake curve b" having 5 a |lower rate of
decrease pf\ speed before it cones to run at a | ow speed at point B".
Correspprdingl y, the deceleration'run-length will be |onger as indicated b
a | engt grr] It is understood that variation in sliding resistance |ead

to variations in run-length [err] during a decelerating 10" (transitory or
settling time of) period during which the door is switched froma high
speed to a stable | ow speed. If a deceleration point Ais fixed relative to
the end of stroke (i .e. distance 1e-rr] as shown between the decel eration
point A and tro S const ariatio decel erating 15

run- 1 engtif [ r?] eapFSS: %%ﬁg@gl?ﬁarbrréchéﬁ%eﬁmﬂgﬁglg’ GPei S 1 ead to

vari at'oi'éidt'?z hm:goaeéeémﬁa%ﬂgﬁ hodrgbli] wOMebeWbh&ht e85 ORI  akLl run at a
| ow speed. This woul d often require an unnecessarily long tine to conplete

a door o!pnem Agnaehl/Igr .cl Osithg eyiém handndior Jower otlidingi renissanrees, the

door col )i Lth jts. count t hi.s i,s _hazardous.

o ooyt oot it be Btaisna cof aliRl & md rye Br i 1

aut ogat i £aldwbrCRAEL Peede@idaie! bEBsdaA!l bLESL1QR caiY &bl B ik per for med.

Fig. 5 is a graphical representatlon of the door operation illustrating the

concept aflawuspesd iar p8int d?d'r-re@@rmpenddmmlethmmepermmn During a first
door openi nﬁ_ E’or cl 23 Qg) 9 %ratloiw F‘?ﬂ" g Ier,at ed froma first
decel er at 6T epEFh A1 ] Pofht é‘FF ¥ §odP T Suabilized to run at a
| ow speed. Meamg g4 Qm@é?é!t&ﬂd thht GharTBessH € ihN8liding dsistance v
leads to vériations in Eun-length Ll during a decelerating
10 (transitory or settling time of) period during which the door
is switched from a high speed to a stable low spee&. If a
deceleration point A is fixed relative to the end of stroke
(i.e. distance L3 as shown betﬁeen the deceleration point A
and stroke end C is constant), variations in decelerating
15 run=-length Ll due to changes in mechanical door conditions -
lead to variations in low speed run-length L, over which
the door will run at a low spéed. This would often require
an unneéessarily long time to complete aggoor open;pg and/or
closing cycle. Under some bthgr circﬁmgtances, the door may . s
20 collide with its countefpart or a wall. This is hazafdous.
In accordance with thé‘;rééght;invention, the deceleration
point is automatically_corfected edch time that the door
operation is performed. Fig. 5 is a graphical representation
of the docr operation illustrating the concept of automatic
25 correction of deceleration point. During a first door opening
{or closing) operation, the door is decelerated from a first
deceleration point A-l. At a point B-l, the door is stabilized

to run at a low speed. Means are provided which measure the



actual length [err] fromthe point [err] to the stroke end C over which

| ength the door has run at a | ow speed. Means are al so provided which-store
a predeterm ned optimal | ow speed run-,length [err] Conparing means/J4
conpares the actual |ow speed 5 run-length with the optinal. |ow
run-Tength to obtain the difference A therebetween. Correction is -
t he decel eration point so that a new deceleration point A-2 is shifted from
the old A-1.by the departure AL of thggactual |ow speed run-length fromthe

optimal. 10 In the next.or second door opening (or closing)
operati on, thetdebrlenghh aﬁrg:e Fte mesdBel toheheesvroberemtiCedvercel er a-
tion point A- ce hanj cal condition of the door in the second
door operat] gﬂ?‘?&ﬁ‘ °ﬁ| 2% T fhat ¥ PREG r ¥EARRVAF 0 g?%t ion as

far as the seﬁ@@@aé@%{n&bh%dﬁ d0pfederermSALY Lh¥iR{1 Qb bfedd rrak- the door

will followa simlar deceler- ating curve. Thus, the decel erating notion
of the door \length eCemaar:axgpoems Boapmwefamalhéopmmd& 1 by a

di st ance substantla e to the departure [err In other words, the
A e LA T M R o L Ae R (AN L

di stance neardpg ﬁgf'f’éretngetbe R EBwdeaY SERecELS | eNahle Thewgbore, the

actual | ow speed run-| engtht'l n the second door operation would correspond
substanti al | ﬁxeletaisal peined sopthmla new dexrederatipd g@odght.A-Reflerri ng now

to Fig. 3, t he mai n cont 1i 2 illustrated in greater detail.
The mai n_contSFEed FirE! BREPL GobroihoBe, SRPTHuEe A1 i FESASDSLi ¥ he for
of counter adaReadrif 168504 %S@ﬁe [;gt&]nabaV| ng frequenC| es in proportion
to e rotational speed 0f -the notor for driving the door. The

10 _ . In the next or second door_openlng (or closing) operation,
' fhe door will change its speed ﬁt the new corrrected decelera-
tion point A-2.l Since the mechanical condition of the door
in the sécond door operation is'ggperally similar to that in
the first door operation as far as the second operation is done
- 15 shortly after the first, the doqr will follow a’'similar deceler-
ating curve. Thus, the decelerating motion of the door will
complete at a point B-2 spaced from the point B-l by a distan¢e
substantially equal to the_departﬁre AL‘ In other words, the
point B-2 is located at a position space from the stroke end
N 20 by a distance nearly equal to the optimal low speed run-length
OL, The:efore, thg actual low speed runflength'in the'second_
door operation would correspond substantially t§ the selected
_ opt1ma1 low speed run—length. |
Referring now to Fig. 3, there the main control 11 is
25 illustrated in greater detail. The main control 1l includes a
door position measuring means 23 in the form of counter adapted to
count pulses P, having frengnc;es in proportion to.the. |

rotétional speed of the motor for driving the door. The
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overall operation of the main control 11 is controlled by a state sequencer
24 provided therein which selectively generates a series of comrands and
state _signals to various conponents in and out of the main control 11 in a-*
predeggéhined sequence. 5 The main control 11 includes a door stroke setter.
25 for&getting a predeterm ned val ue of the stroke of the door to be_ used.
The door stroke setter 25 supplies the set value of stroke to the door

posi tion counter 23 when enabled by a signal S1 fromthe state sequencer

24. Since a conplete cycle of IDl Toor operation conprises a door opening
operatio | N | 1 L ARV E S0 o+ Sksr ke, (ful ly cl osed)
to the o'Ita Hg#ﬁéln%%?#gﬁnogg ?{?éljﬂa;(m o%éex}%{oggégg& d%ggtg‘f]b%ﬁnggoaperat i on during
whi ch t hetde®rseimenser @depserided lRermim whoch radlettiveinl gdasrdsas channel s
one for handljng the openi ng node of 15 operation and the other for

handl i ng 2t AR %820 &£ nEPMMPE s ofnd AL BIFN2ARORY AFdORF rSmACRSAFR| associ at ed

with the.do nj ' Ar C rati oL s - ans 26 in
the for mlgf Qé‘% %%ggggg?@ggfgt%r g? gif g’rnl %ggge%ceégg{%r%t fs%ﬁhg%él]%t when t he
door ¢ovehefmaitnkentolodninaludesi &i ddordaeebles afeittar 225 fopoi Nt setter 34

for providing an initial deceleration point used in the system a
conpar at EESENGl 3 gredefinsmineg aluecof rdint s§voke FSskRe APET 5 Bhe counter 23

with the el t] f JLhee regl - oLkector 23-1 in
the for muggshr ??%ng‘?%%%ef%%@ggr ?Secsﬁg’%&tg e&%eggf?g‘?%u%o%&poi nt fromthe
regi st er sBboke 2 &heé aidtirngos Dt idme cdantert i20nwivén ténebhed W al oigreiced run-

| ength of the door froma preselected optimal | ow speed run- |ength. .
Simlarl ¥y EFRm $BEORERYH ARRBENGEES Bbt at AR 8PPl e88 Py de08fng node of

oper f‘& i o Ao6P rw&%@oﬁi e&ﬁ'p?&@éé Qn dBQL népe%ﬂ&a&agé&ation during which '
the door moves from.bne end of stroke (fully closed) to the
other end of stroké'(fully open) and a door ¢losing operation
during which the door moves réVerSely,'the main control 11
includes two channels one for handling the opéning mode of
15 operatibn and the other for handlihg the closing mode of
oper;tion. Améng the first channel associated with the door
opening mode are a decelerétion point settable means 26 in
the form of stqrage.of register'for'storing a deceleration point
when the door moves forward to 6pén, an initial deceleration
20 point setter 34 for ﬁfovidiné an initial deceleration point
used in the sySteﬁj a cdmpérétor 28-1 for comparing the current
door position.from the coﬁhtet 23.with'the'deceleration point
from the register 26, and a corrector 23-l1 in the form of arithmetic
unit for correcting the.decelérétion point from the register
25 26 according to Ehe deviation of the actual low speed run-
" length of the door from a preselected 0ptimal low speed run-
length. Similérly, the second channel associated with the door

closing mode of operation cbmprises deceleration point settable



- 12 - 'neans 27 in the formof storage or register, an initial decelera-
tion point setter 35, a second conparator 28-2 and a second corrector 33.2Z:
Each of the initial deceleration points provided by initialisers 34 and

| se preferably chosen in view5 of safety to be renotest fromthe

correspondi ng end of stroke than other possible deceleration points from
the stroke end. The nmain control 11 further includes | ow speed run- |ength

o

measuring means including a | ow speed detector 31 and a stroke end detector

30. Each of "the detectors may conprisé2a=10
from an oscilééyﬂgrz
frequency. The coun

[err] having €icaqpenoy seBt®f OIBr i Sdcdnd bbfpseed 9d-7 Raadoagecolien the
count per cycle beconmes greater than a sel ected value, the 15 | ow speed

[~ counts pulses as received duti‘ng one

det ect or 31 sYFEEFEOMMFST2t heEagdoPE cehmednibizlitegeleratdoacpeintisow speed.

Simlarly the_str gg end dg{gﬁtor 391shgnggs.mhen t 00f reaches. the end

he .do
45 EE P EREFRIYARROT4R dRFAThel Lde

r
of stroke. THE actual | Ow Speed ran=

ovi by ini igers a

engt

a counter 532 gri3RESEl 1t BEUFdmdtekEesrdhl tAs craRispeadHy R s &tREKE Od
bet ween the 20 time of the | ow speed detector 31 and the tinme of the

stroke end seadr oBiten posbikie) derelexation pointsploem rihe Btyekeh endhe mai n
control 11 further j,ncludes_an opti run- Je h.setter 29 for providing
a presel ected optintte & sf)°er§:5° u#\fﬂé’ﬁﬁgﬁ ’dfgg%%ﬁ %"‘[ ﬁPFﬁ"g i mal

run-length sefdngth2festiteii® meatnléeiﬂ&idﬁh?r&mrdvﬁ'agééh aeekesr 34 aatird

ari,thmetic nmeans 33-3 preferably in the

comw~paring t¥rroletend desectyrcd.r ukadhepft thenideltecteropal nedmpzdae a

10

15

20

25

counter for counting pulses from an oscillator 36 adapted to .
generate pulses having a relatively hiéh freqdency. The counter
counts.pulses as.received.during.one cycle of pulses Pl havipg
frequency in proportion to the:speed of the docor. When the
count per cycle becomes greater than a selected value, the

low spéé& detector 3l.§ignals when the door comes to run at a
selected low speed. Similérly.the stroke end detector 30 signals
when the door reaches the end of stroke. The actual low speed
run-length measuring means further include é‘counter 32 adapted
to count pulses Pl as received during the period between.the
time of the low speed detector 31 and the time of the stroke end
sensor 30 to obtain the actual low speed run-length.

The main control li fufther includes an optimal run-
length sette: 29 for providing a preselected optimal low speed
run~length. Couplgd with.the ﬁptimal run-length setter 29 and
tﬁe actual run-length countgr”3é is third.arithmetic means
33-3 preferably in the.form of ﬁagnitude comparator for com-
paring the actual low speed run-length with ;he optimal low

speed run-length to obtain the error or departure of the former

counter for counting pul ses

75P9RR" Pl Qe IG0SLALEAR Y S8 LAY 0 B LEL el el o

pul ses

orm of magni tude conparator for



speed run-length to obtain the error or departure of the fornmer -.13 -
fromthe latter. The value of departure is supplied to either of the

corresfyrs 33-1 and 33-2 which, in turn, corrects the decel eration point ass
ment\gped. Finally, a gate circuit is provided which selectively 5 supplies._
hi gh and | ow speed commands H and L to the speed control 9. The iIIus‘tratéd

gate circuit includes a first AND gate 40-1 adapted to receive the output
of the first com parator 28-1 and a forward rotation conmand R2 fromthe .
se- quencer 24 and a second AND ga}_g 40-2 adapted to receive the 10

out put of the second conparator 28-2 and a reverse rotation command [err]
fromthe Sesmeheela@er.ThehewaiuesopidephetdND igakesoidltansiehRz2 are
connected to the OR gate 41-2 which selective- |y generates and passes a

| ow speed®tdhfafBrIeterend3shedd 33mh Woich, inTierputqnrreststthe OR gate 41-2

is al so connaehk-adidd okt r to one input of a third AND gate
40-3. The other fnp%t OF ?ﬁgne?ﬁﬁ#‘ﬁND gate 40-3 is connected to an OR
gate 41-1 adapt etindaXly,caegats tdiechDf Walisdpodielde@v @his¢h IsellattDrelgonmands R2
and R3 fromthe sequencer_24. The third AND gate sel ectively generates and

passe$ a RYRRTSHeRIE GRfalRY 19Pegd2ePmmapAs B anddLebmithsl speedrhe operation of
the main conidoql 911 Mhgl k1 POVE AR HEGHH Q?gc\r%@‘ggcgﬂ%%g \AE}I_-%%V I's activated

up, the state sequencer 24 generates signa n _ >h are supplied
respect i va¥n gake 4Q-6l talleptedd ttoakeceinnelche aditputpof Nthes €t 8¢ ot~ f Or

openi ng) ' : : N
parator 28-1 and a forward rotation command R, from the se-

quencer 24 and a'sécond AND gate 40-2 adapted to receive the \‘j
10 output of the'séqond éompafatqrﬂés-z and ‘a reverse.rotation
command R3 from the sequeﬁcef 24. The outputs of Phe AND gates
40-1 and 40-2 are connected to the OR gate 41-2 which selective-
ly generates and passes a low spéed Eommand L to the speed
control 9. The output of the OR gaté 41-2 is also connected via
15 an invertor to one input.of a third AND gate 40-3. The other
input of the third AND gate 40-3 is connected to an OR gate
41-1 adapted to receive the forward and reverse rotation
conmands R, aﬁd'R3 from the sequencér 24, The'thiré ANb gate
selectively generates and passes a high épéed com@and H ta )
20 the épeed control 9. o -
The operation of the main control 11 will now be
described.
When the circuitry is activated up, the state sequencer
24 generates signals S, énd 53 which are éupplied respectively
25 to the imitial deceleration point setter 34 (for opening)
and 35 (for closing). Thus, the contents theféof-afe set into
the deceleration boint (used in the opening mode of the door)

register 26 and the deceleration point (used in the closihg mode



and 35 (for closing). Thus, the contents thereof are set into the
decel eration point (used in the opening node of the door) register
t he deceleration point (used in the closing node - 14 - of the
register 27: Thereafter, when the sensor 12 detects the approach o
person to the door, it -will generate a signal RlL. Responsively, the state
sequencer 24 generates a signal [err] and supplies it to the counter 23
which in turn receives a signal indicative of a predeterm ned stroke |ength
of the door .as set in the stroke settera 25. At the sane time, the state
sequencer 24 generates a door opening signal R2 (command of the forward
rotati on of t¥e the doer)t SRFL%HRF Sdpplies it to the speed control 9 and al so

(o the; counter 23 Ruldithel DSBS ool 1) SUELs daurapiagh Ler), from

t he pul se shaper urt suppli Irst OR gate

41-1 and t he 4 YerdoRgahe d4ébrd Wi will igenktdte ageDerisl @5 .a Résglonspeery,

command signal H and supplies it to the 15  speed contiol 9 so that the
motor will acths state ssEenen2hgeaert P Spetaraindycatesupplisne itoffand

Signal K in o OURLO AeGhLAD dOLERALLbYe P oS IR RONTRIopi 0nal R

Thus, the3door nove at a correspondi ng hi gh®spee Its open

position. 20 a predeternfinelhtfBXeOlefigifiods the WcdesaPlsety @nstpplstedkeo t he
counter 23 which counts the pul ses down fromthe value of stroke set in the
door stroke se®%t® 25.to0 obtain the current position of the door. The

resutts of the rESpﬁgtéﬁgasggxwkime, the state segquencer 24 generates a

i,/ door opening signal R, (command of the forward rotation of the

10 motor) and supplies it to the speed control 9 and also to the.
counter 23 so that the counter 23 will count down pulses Pi from
the pulse shaper 10. The signal R, is further supplied to the
first OR gate 41-1 and the third.OR'gate 40-3 which, in turn,
generates a high speed command signal E and supplies it to the

15 speed control 9 so that the motor will accelerate and run at
a high speed indicated'by the command signal H in a forward
direction indicated by the forward command signal R,. Thus,
the door 5 will move at a corresponding high speed toward its
open position. '

20 As the motor rotates, pulses P, are supplied to the
counter 23 which counts the pulses down froﬁ the value of
stroke set in the door stroke setter 25 to obtain the current
position of the door. The results of the respective down
counting operations by the countef 23 are successively supplied

25 -to the first comparator 28-1 which compares the successive
position data each indicating the current position of the

door with a deceleration point in the opening mode, as stored

in the register 26. When the current position coincides with



counting operations by the counter 23 are successively supplied 25 to the
first conparator 28-1 which conpares the successive position data each

i ndi cafing the current position of the door with a deceleration point in s

t he ogﬁggpg mode, as stored in the register 26. Wien the current:-position -~
coi nc W th the stored deceleration point, the first conparator 28w
generates a signal and supplies it through the AND gate 40-1 enabl ed by the
door opening signal [err] to the second OR gate- 41-2 to produce a |low .
speed - -command signal L. Upon-RABs-signal, 5 the notor M decel erates toward
a seleiéed | ow s --in.a forward direction. The door 5 correspondingly is

decel er8feHtoredp g‘g rl[aéf'?']‘ RPdy ctPe FoAPE RPMPAERECYAfekat or 7 are al so
- 1 C4ehbrdih WOUGRACUnISHARITS e HBBuT TlCABI LISt ggLET 30 and the

| ow speed run-|ength counter . The | ow Spee ector 3110 counts
ref er espeblrd dysthe cinorhepersinig sagmal 36, tasthecsetvndl akigatg one cycle of
pul ses l;E_e%r']r When-t he count per cycle becones greater than a sel ected

e YoRF

val ue, SRR 3y &PE IR FOTRATS SigRady Ly gFeen i%9dBcaiganad mhen t he
dood 5+R0TMRstdrOM! dbkdlerdtes! whaed 4 QUISREES 10k  speed - in a. fg{%%%ql ngly, as -

the door 5 is decelerated in response to the generation o | ow speed
commanditechicdne ontlse tdoonDy eccxireapomdiaigilyely ddcabetrawerl | ow speed, the | ow

speed detectqr . 31 si gnaljs_ it to the status sequencer 24. Responsively-, the
sequencer 24 FGAR8T RipSe5leed)FIPT| Ehe |EaFBO FRRRFAtPRC] 188® 3B%d 20 run-| ength

[ods.'r 88 €huBkCiod Speda Milcel! S5 - serodd Sha IIRAIAGE SRR @ Stroke
pen), the stroke end detector senses It in a simlar manner,
as thethe low speed run-length counter 32. The low speed detector 31 o/
10 counts reference pulses from the oscillator 36, as received
during one cycle of pulses P;. When-the count per cycle becomes
greater than a selected value, the low speed detector 31 generates
a signal indicating when the door 5 comes to tun at a selected i
low speed. -
15 Accordingly, as the door 5 is decelerated in response
to the generation of the low speed command L ;nd comes to
mové at a relatively stabilized low speed, the low speéed
detector 31 signals it to the status'ééquenéer 24. Responsively;
the sequencer 24 generates a signal s4 to enable the low speed T
20 run-length measuring counter 32 to count pulses P,. - ~
When the door reaches a stroke end-(full open), the
stroke end detecfor 30 senses it in a similar manner as.the —-
low speed detector 31 and signals to the seguencer 24.
Responsively, the state.sequenéer 24 gensrates a stop command
25 ST and supplies it to the speed control 9 by which- the motor is
;topped. Then, the sequencer 24 generates a signal S7 to” the

third arithmetic means 33-3 to enable it to perform the com-

parison between the actual- low speed run-length count from the



| ow speed detector 31 and signals to the sequencer 24. -- Responsively, the
stat e sequencer 24 generates a stop command 25 ST and supplies it to the
speed..control 9 by which-the notor is - stopped. Then, the
seguencer 24 generates a signal [err] ‘to-the third arithnetic neans 33:3~to
endle it to performthe com parison between the actual -1 ow speed C/
run-1ength count fromthe nmeasuring counter 32 with a predeterm ned
optimal 1ow speed run-length fromthe optimal run-length setter 29. Then,
the sequencer 24 generates a clear Sighal S4 to clear the counter-type
measuring counter . | ' ' t he act ual
and opti mal I“‘S\%vggﬁ)% dcgﬁ?ﬁﬁrer%ét"ﬂiégggr gis'% %%H?#%&m%lﬁgm%ﬂl%g} g??%hhmet I C
means 33-3 i quapPdRd Efon el bpSimalorunclemgtB3sdttdrend endiiead the a si gnal
S8 fromthe sequencer 24. Then, the first corrector 33-1 conpares the
di fferenti al sefyeraer RAi genarages ¥ NlE8T o3LIMGL SgctA SLrdh Bi® FRBAERATEPeI ow
speed run-length fr bmal | ow speed run-length with the
decel erationn%(a)ls%fm%[ng%e t"el%l)tatbl’le register 26 to subtract the latter from
the fornmeg to provime aitfirventisll siemal chalvean pive nictaall dndapptiémali t back
to the register 26 under the control of a si%g{}?[
a

erj%l1 fromthe 15
sequencer 24 .lownseeasd ryp-1eAgtthads | iRFudEed tfre SR RFEENSERFal | ow

speed run-| enguly £00F $5TAAN 68D IE LY JBELLELY 5801 LhterRUkBEdON VAl ue
with a factor TeSs 1han. 0 provide a reduce eviation and use it as a
correction fagtarsighad sgbtfoacn-.ad Sdyuentenm4.heTaceltbeat Dist pormectorWt h

thiss.technique, corrections of the decel eration point are erforEred bit by
bi t\_t hus 33-1 compares the differential signal indicating a value o

K N

10 deviation of the actual low speed run~length from the optimal
low speed run-length with the deceleration point stored in -
the register 26 to subtract the latter'from the former to
provide a corrected deceleration point'and trahéfer it back
to the register 26 under the control of a signal 55 from the -

15 sequencer 24.

- Instead of.subtracting all the deviation the optimal
low speed run-length, correction can be made by multiplying the
deviation value with a factor less than 1 to provide a reduced
deviation and use it as a correction factor to a subtracted

~ 20 from the deceleratoin point. With this technigque, corrections
of the deceleration point are pérformed bit by bit, thus
providing stabilization.
In the above, the measuring counter 32 measures the
actual low speed run;length over which the door 5 has t;aveled

25 at a low speed to the end of Stroke. Alternatively, the
counter 32 may measure the decelerating run-length over which
the door 5 has ﬁoved from a high speed operation switched to

a stable low speed operation. This can be achieved by starting
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providing stabilization. In the above, the neasuring counter 32 measures
the actual |ow speed run-length over which the door 5 has traveled 25 at
al gpeed to the end of stroke. . Alternatively, the counter 32 may *
‘nmea§f ¢ the decelerating run-length over which the door 5 has noved from@;:
hi gh speed operation switched to a stable | ow speed operation. This can b
achi eved by starting - 17 - the counting of pulses [err] upon the
generation of | ow speed command L as applied fromthe conparator 28-1. and-
continui'ng counting until the | ow 5peed detector 31 senses when the door

comes 10 IR S tnl SIALLVELY 5 ABLE SANIRESLcR oe 1o soedd ONO I SUC

a decel erati ng run- neasur neans, a su nodrfication will be

made to tBGmma@dr 8Cis QipplRed CExdin GRS dcaipakh &6 [28i-Dt andlReneDREBRL | ON My be
performed by an arithnetic unit for conbining the neasured. decel erating
run- | engt ROWRERIt BRtidphithralow FRescdatactar| ThHensey, wiegr the doarxanyl e,
addi ng thgmﬁeog B ndde e, gé];aetri‘,ei% Alg'tl hePEodindergtood that the main
control 1 |ncorporé%ing features of € prese I'hvention cal cul ates the

devi atg on of thalasg wdlthl suets peadcelerdtangt Fud-leiytemea@ptispl | ow speed
run-length for each cycle of door operatoin, and corrects the 15

decel er at ReARSroRNSULFRBLRcmORLT iFasion (1 ldabe Magiec §o dblve sOFBECE®Dt hat t he

corrected,decel eratian Lot wil| ch the current condition af the door
vl ght  aniTHG o8 FAFHHE=PELPY BRtes- of ™ soRENTELon By B8 PaEE e gener at ed
by the nop@rard aracEeBd LRLPESTUBSHBIHING! tie GREASLAS .decelerating

run—léngth with the optimal 1low speed run-length by, for o/

[

10 example, adding the former to the latter. _

It will be understood that the main control 1l incorporating
features of the present invention calculates the deviation of
the actual low speed run-length from the optimal low speed
run-length for each cYcle-of door operatoin, and corrects the

15 deéeleragibn point on the basis of the calculated deviation
so that the corrected deceleration point will match the current
condition of the door weight and the sliding resistance of
the door. The braking torque generated by the motor is assumed
to be substantially constant. '

20 When the door 5 is opened again upon the next approach
of a person, the seﬁtable device has already stored an updated
decelerating point so corrected as to meet the doof weight
and the sliding resistance of the door, no manual ‘adjustment of
the decelerating point will be required. This arrangement

25 .assufes that an optimal automatic door operation is performed.

When the signal indicative of the presence of a person
by the door is removed, the state segquencer 24 generates a

door closing command Ry (reverse rotation of the motor) is



20 . ., When the door 5 is opened agai n. upon the next approach of a
person, the settable device has already stored an updated decel er atAQQ:
ppint. so corrected as to neet the door weight and the sliding resigtan
the door, no manual adjustment of the decelerating point will be required.
This arrarmement 25 ’assures that an optinmal automatic door operation is
performed. When the signal indicative of the presence of a person by the
door is renoved, the state sequencer 24 generates a door closing conmand R3
-(reverse rotation of the notor) is . 18 18 - applied to the second AND gate
40-2 and the speed control 9. Responsively, the speed control 9 causes the
motor S to aepepliedtte the :egopd AjrgdtenitrZ endrthe speed icamtrPurhier the .

command signal [err] LS s lied, t.o the pulse [err] count 23 to put it 5
Thro- Count ueRRERAyeLE, o sgRes SRntast b Ghabs Tt SHot i Rarrceliters 11
to perform atgo@rmighOshaéd GRChaté it seSr&&8loal. | Yreintekatnd Gohii&ndbove-
descri bed operation except that conponents (28-2, 33-2, 27, 35, etc)

associ at ed wisignahydéersudrddpdotoieapulse @necoenter 20 to fomtt her
description thereof will be on.tted. The present invention does not require
any nembets §‘&gﬂ %f’ém\gv\l"?cfﬁ’gf g%a"%ﬁfj%"ﬁﬂysi cally placed relative to the
door and al ways pergiaegBerd) opBbafFn B¢ PP IHaGndOH e RREL Bl iPBebES AP PECT i Ve
‘of variations of the door weight and the sliding resistance of the- 15 door
wi t hout requiar doer aipsimd eperatiiornstisegeneralilyesiuiclaire tat then apovet . 20

described operation except that components (28-2, 33-2, 27, 35,

-

- etc) associated with the door closing operafion are used,
10 further description thereof will be omitted. .
The present invention does not require any members such
as switches and dogs physically placed'reiative to the door and
always performs an optimal automatic door operation irrespective
‘of variations of the door weight and the sliding resistance of the
15 door without requiring any manual adjustment of th aecelerAtion

point.

20
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- 19 - daims: 1. An automatic door system inctudimg apparatus for

control%'ng the operation of an automatic door co r|S|

-provi\gy. %9 a decel eration poi nt associated 5 M ||Eﬁm t| on i
means~eoupl ed with the door for driving the door ding a ;/~;'
speed control of said door driving neaQ§; means- for electrlcally obtalnln
the current 10 position of the door: nméans for conparing said current _
position of éigéﬂgmar with said decleration point to generate a | ow speed .
comand upo ‘oi nci dence of said current position with said

decel eration point, sqd r@}tmgép@% CONMTh flvc 1 HEENG %Mrglglggl erate the

door toward a Iom/speed I'n response to the generation of said | ow speed
command; meast fQin tRASIIA GO He Vod Pt fod U | £M04 bt Shat De go9F which is
subject to variations in the mechanical condition of the -door; 20
nmeans for:yﬁdmﬁxlgadgemetern1ned | ow speed run- | ength of the door; and
means for correcting said deceleration point by utilizing the neasured
run-length and t heegrseedtderpg oeit irogy & piece Temat byt poid associ@tedA
systemas clained in claim1 wherein said

5 with the door operation;

means coupled with the door Fbr'driQing'tﬁé door;
means for providing a speed control bf said door
driving meéns; _ , | ;;/
means for electrically obtaining the current
10 position of the dqor;
means for comparing said current position of the
door with said decleration point to generate a low speed
command upon'the'coincidence of éaid current paosition
with said deceleratioﬁ point so that said speéd control
15 means will decelerate the door toward a low speed in
response to the generation of séid low speed command;
means for measuring a variable run-length of the
door which is subject to variations in the mechanical
condition of the door;
20 means for setting a predetermined low speed run-
length of the door; and
means for correéting said deceleration point Ey
utilizing the measured run-length and the predetermined
low speed run-length.
25 : 2. A system as claimed in claim 1 wherein said
run-length measuring means comprises means for measuring.

a low speed run-length over which the door has moved at



run-l ength neasuring means conprises neans for neasuring a IOM/speed

run-1ength over which the door has noved at
systemas clained in claim1 or 2 wherein sai dlllmllllmﬂﬂmlﬂm@rl ng
‘coffpri'ses nmeans for measuring a decel erating run-lengthwover

5 s decelerated froma first speed to a second speed. 4. A systen1as
claimed in claim2 wherein said correcti rRg2@8eans conpri ses neans for
conparing the neasured .| ow speed run-length with said predeternined | ow
speed run-| engt e tlowspgeds he difference there- 10 between and neans for
correcting sai d decel eration point in accordance with the value of said
difference. 5. A syst®m g5 NheePs 39 simnelaim La98 Zorhereimg neans
conpri ses rmeans for conblnln t he measured decel erating run-length with

sai d predet er mi r?eﬂ:ll FYH "P‘iﬂﬁ‘!"eﬁffb‘i H“?%”?)r‘b%’él%le%d}‘?%'&? eEI°EIeceI era-
tion point. 6. stem as Ia| d |n claln1f wherein said g $
run- 1 ength rreasd‘?q g8 c LA R EYT D %%ml?l‘be’ém‘é'h“f%e“a of°Cbnes

I f h d
o the oo T L T A AP JRED U P i A,
period beween the ti r%igg%ﬁkg§(é¥ggﬁ ﬁ“@l?&msf'fh §p§§gdand t he
he en 15 o ses

time. when it reaches t he door sal d avin
frequency in  oorrecting means comprises means for comparing the

measured low speeﬁ run-length with said predetermined
e low speed run-length to obtain the'difference there-
10 between and means for cdrrecting said deceleration
point in accordance with the value of. said difference.
5. A system as claimed in claim 3 wherein said
correcting means comprises means for combining the
measured decelerating run-length with said predetermined
15 low speed runflength to produce a corrected decélera-
tion point.
6. A system as claimed in claim 2 wherein said
v low speed run-length measuring means comprises means
for sensing when the door comes to run at a low speed,
20 means for sensing Wheh-thé door reaches.the end of the
door stroke, and means for counting pulses as received
during a period beween the time when tﬁe door caomes to
run at Said low speed and the time when it reaches the
end of the door stroke, said pulses having frequency in
25  proportion to the speed of daor.
7. A system as claimed in claim 3 wherein said
decelerating run-length measuring means comprises means

for sensing when the door comes to run at a low speed



. &=

25 . proportion to the speed of .door. 7. A systemas clainmed in claims3
mhergLQ\said decel erating run-1length neasuring nmeans conpri ses neans for

.sengi when the door conmes to run at a | ow smeHlmmnummm‘ means H
coupletd/with said | ow speed command generati ng ow’:speed 77
sensi means for counting pul ses, as received durifng-a 'berS od bet ween the¥

"time of said | ow speed conmand and t+e2ti+e when the door cones 5 to run
at said |low speed. 8. A systemas claimed in claim4 wherein said neans for
correcting 9nddmeeoel eoupled pditht siad dadewr spPesc €ofimand lgengnatdndf said
di fference conprises neans for nmultiplying said difference by a factor |ess
than 10 one™e8NnBr 88dc &34 dr dQMc 848D AENFLO oMedfisd fitFa st NGy speed
run-length fromsaid predetermned | ow speed run- |ength and neans_ for
subtracti ngpggﬁasveaﬁcéa"&éﬁét“t [‘}I“é"'f‘rgoﬁ SR ofe batee, gﬁ’epg:ilr‘ﬂe tf produce
an updat ed decglﬁration oi_nt . 1% h9. .A% a %ow% icéﬁfor system

i ncl udi ng appafatq¥ FBPedoRPPBRF NG Eh& NS dA TS SR esy Bt oor
subst anti al as described,with reference to and as illustrated in the
acconpa%yinéxdfgﬂﬁggssagg 18! B8l

8. A system as claimed in claim 4 wherein said
means for correcting said decelefation point in accor-
dance with the value of said difference comprises means
for multihlying said difference by a factor less than o’

10 one to produce a reduced departure of said measured low
speed run-length from said predetermined low speed run-
length and means for subtracting said reduced departure
from said deceleration point to produce an'updated
deceleration point.

15 9. An automatic dooé system including apparatus
for controlling the operation of an autométic door
substantially as described with reference to and as

illustrated in the accompanying drawings. y




