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(57) ABSTRACT. 
A door control system for controlling a door which is 
operated by an instantaneously electrically reversible 
motor is disclosed. When a door open sensor is actu 
lated while the door is closing, the control system stops 
the door and after a predetermined delay energizes 
the motor to reopen the door fully. If an emergency 
reverse sensor is actuated while the door is closing, 
the drive motor is instantaneously reversed to stop the 
door in a minimum time and immediately reopen it. 

8 Claims, 3 Drawing Figures 
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DOOR CONTROL SYSTEM PROVIDENG 
AUTOMATIC DELAYED DOOR REVERSAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the field of door operating 

mechanisms and more particularly to those operating 
mechanisms which provide for reversal of the move 
ment of the door. 

2. Prior Art 
The prior art is replete with door operating mecha 

nisms which provide for reversal of the door's move 
ment. These operators are of one of two types. The first 
type are those which employ instantaneously reversible 
motors and in which the motor drive is instantaneously 
reversed in response to a door open signal. These sys 
tems provide maximum safety where the door opening 
sensor is a safety edge on the bottom of the door, since 
they stop the door as quickly as possible and reopen it 
immediately to free any object which may have been 
struck by the door. However, these systems cause se 
vere strain on the door and the door operating linkages 
because of the tremendous accelerations involved. 
Thus, these door operators cause unnecessary wear and 
tear on the door and its operating mechanisms for non 
emergency reversals. 
The second type of door operators are those which 

stop the door in response to a sensor signal and reverse 
the motor controls so that on the subsequent motor ac 
tuation it will reverse the direction of movement of the 
door. These systems reduce the stresses on the doors 
and their operating linkages, but require a subsequent 
actuation of the motor which is not automatically pro 
vided. In addition, they are not as safe in emergency sit 
uations as are the instantaneously reversing door mech 
anisms. 

OBJECTS 

A primary object of this invention is to provide a 40 
door operating mechanism which obtains the advan 
tages of the prior art systems without their disadvan 
tages. 
Another object is to reverse the movement of a clos 

ing door, without jerking the door. 
Another object is to automatically reverse the move 

ment of a door gently in non-emergency situations and 
instantaneously in emergency situations. 

Still another object of the invention is to provide 
maximum safety in a door operating mechanism, while 
minimizing the wear and tear on the door operating 
linkages and the door. 

SUMMARY 
This invention accomplishes the above and other ob 

jects which will become apparent hereinafter by pro 
viding a door reversing means which controls the rever 
sal of the door's movement in accordance with what 
sensor provides the door reversing input. 
The door reversing means comprises a delay selec 

tion relay in one position of which the door opens im 
mediately in response to a door open signal and in the 
other position of which the door opens only after a 
delay period controlled by the delay timer. An emer 
gency reverse relay by-passes the delay timer and opens 
the circuit which energizes the door in the closing di 
rection while simultaneously causing the motor to be 
energized in the door opening direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
F.G. 1 is a diagram showing a garage door with the 

door control system installed. 
FIGS 2a and 2b when placed side by side form a cir 

cuit diagram of the door control mechanism, these fig 
ures will be referred to collectively as FIG. 2. 
DETALED DESCRIPTION OF THE PREFERRED, 

EMBODIMENT 

The general environment in which the door control 
ler of the invention is employed is shown in FIG. 1. A 
garage building 10 has a vehicular door 12 for control 
ling access to the garage along a vehicular travel lane 
14 which passes through the doorway. The door is 
shown as moving in a vertical direction to open and 
rides on tracks or guide rails 6 which are attached to 
or suspended from the garage roof. An instantaneously 
electrically reversible door propulsion motor 18 drives 
a door operator 24 which moves the door up or down 
in accordance with the direction of rotation of the 
motor 18. The door control system of this invention is 
shown as enclosed within a box 28 mounted on the ga 
rage wall. Portions of the system which are mounted 
outside of the box are wired to the circuitry within the 
box. A presence sensor 30 which is shown as photocell 
30 which may be any photoresponsive device having 
the proper characteristics is mounted inside the garage 
adjacent to the door and positioned to receive a light 
beam from a light source 32 mounted on the other side 
of travel lane 4 and within the garage. The light source 
provides a light beam which is directed across the 
travel lane at photocell 30. This light beam is inter 
rupted by an object passing through the doorway. 
A treadle switch 36 is operated by a vehicle sensing 

device such as a driveway bell hose 34 and provides a 
sensor signal to the control system indicating that a ve 
hicle is positioned in the travel lane to enter the door 
way. An emergency reverse sensor such as safety edge 
38 is mounted on the door to operate an emergency re 
verse switch 39 in the event that an object is obstruct 
ing the path of the door. 
A circuit diagram of the control system is provided 

in F.G. 2; it is noted that conductors 
260,264,266,268,270,272,274 and 276 continue from 
FIG.2a into FIG.2b. The diagram illustrates the circuit 
as it is with the door closed and the control system 
power on. References to the positions of switches as 
being normally open or normally closed are made with 
reference to this diagram, that is with the control sys 
tem energized and the door closed. 
A motor energizing door opening relay 40 controls. 

the energization of motor winding 20 which drives the 
motor in the direction which opens the door 12. Relay. 
40 has an operating winding 42 which controls the 
operation of two normally open single pole, single 
throw (SPST) switches 46 and 54. Upon energization 
of the relay, switch 46 energizes motor winding 20 to 
open the door. Switch 54 establishes a holding circuit 
to maintain relay 40 in its operated condition until the 
door is fully opened, at which time the door opens an 
open limit switch 60 which de-energizes relay 40 by 
breaking the path from operating winding 42 to the 
ground conductor 268. 
Treadle switch 36 operates a treadle relay 70 to initi 

ate a door opening cycle. Relay 70 has an operating 
winding 72 which controls the operation of two, single 



3,783,556 
3 

pole, double throw switches 76 and 82. The moving 
contact of switch 76 is connected to conductor 266 
which is connected to the hot side of the power supply 
through manual stop switch 254 and power on-off 
switch 240. Hereinafter the conductor 266 will be re 
ferred to as being the hot side of the power supply, 
since it is hot at all times when the control system is 
turned on, except when the manual stop switch is de 
pressed. The normally open contact of switch 76 is con 
nected to an open signal conductor 260. The normally 
closed contact of switch 76 is connected to switch 184 
which forms part of a close presetting relay holding cir 
cuit which will be described hereinafter. 
Switch 82 controls some of the connections internal 

to a photorelay operating circuit 230 which controls 
the operation of a photorelay 210 in accordance with 
the condition of the light beam which is sensed by pho 
tocell 30. 
Upon actuation, switch 76 of treadle relay 70 con 

nects conductor 260 to power supply bus 266. 
Conductor 260, is connected to a normally closed 

single pole, single throw, switch 144 and to the operat 
ing winding 122 of a reopen delay relay 120 which 
forms a part of the door reversing means 100. Door re 
versing means 100 is comprised of the reopen delay 
relay 120, a delay timer 102 and an emergency reverse 
relay 130. Relay 120 controls two normally open single 
pole, single throw switches, 124 and 126. Switch 124 
when closed by actuation of relay 120 forms a holding 
circuit to maintain the relay actuated. Switch 126 when 
closed by actuation of relay 120 connects the output of 
the delay timer to the operating winding 42 of relay 40 
to energize motor winding 20 to open the door. 
Delay timer 102 is a single pole, single throw thermal 

delay switch having a stationary contact 104, a com 
mon terminal 106, a heater 108 and bimetallic moving 
contact 110. Heater 108 and bimetallic contact 110 are 
both connected to the common terminal 106. The 
other end of heater 108 is connected to the grounded 
side of the power supply. When heated by heater 108, 
bimetallic moving contact 110 bends into contact with 
stationary contact 104 to connect terminal 104 to com 
mon terminal 106. Terminal 104 is connected to switch 
126 and forms part of the energization circuit for relay 
40 when the thermal delay switch is closed. Closure of 
the thermal delay switch 102 while relay 120 is ener 
gized connects operating winding 42 of relay 40 to the 
hot side of the power supply, thus energizing the relay 
to operate motor 18 to open the door. 
Switch 144 is operated by the operating winding 142 

of relay 140. This relay maintains switch 144 open at 
all times except when a close limit switch 62 is open. 
The close limit switch 62 is open only when the door 
is fully closed. When switch 144 is closed, the re-open 
delay relay is by-passed and relay 40 is actuated upon 
conductor 260 being connected to power buss 266. 
Thus, when the door is fully closed, it begins to open 
immediately upon actuation of treadle relay 70 by trea 
dle switch 36. 
The emergency reverse relay 130 controls two nor 

mally open single pole, single throw switches 134 and 
136. Switch 136 by-passes the delay system to connect 
operating winding 42 of a relay 40 directly to the hot 
power line bus 266. Switch 134 when closed actuates 
treadle relay 70 to operate switch 76 to de-energize 
motor winding 22 which energizes the motor to close 
the door. 
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An interlock relay 160 controls two single pole, sin 

gle throw switches 164 and 166. Switch 164 is normally 
open, while switch 166 is normally closed. Normally 
closed switch 166 connects a manual door close switch 
248 to the hot side of the power supply. Switch 164 
connects conductor 260 to the normally open contact 
of a photorelay switch 214 which will be discussed 
hereinafter. The interlock relay serves to prevent 
breaking of the light beam from causing the door to 
open, when the door is fully closed. 

In order to energize the motor to close the door, two 
relays must be concurrently energized. These are a 
close preset relay 180 and the close door motor ener 
gizing relay 200. Close preset relay 180 controls two 
single pole, single throw switches, 184 and 186. Switch 
184 is normally open, while switch 186 is normally 
closed. When switch 186 is opened by actuation of 
relay 180, it breaks one of the holding circuits for door 
opening relay 40 and renders manual open switch 250 
ineffective. w 

Switch 184 when closed by actuation of relay 180 
provides a holding circuit for relay 180 by connecting 
the hot side of the power line to operating winding 182 
of the relay, so long as treadle relay 70 is not actuated. 
Actuation of treadle relay 70 breaks the holding circuit 
and de-energizes relay 180. Switch 184 being closed 
connects conductor 262 to the hot side of the power 
line and thus provides power to conductor 264 which 
energizes a close door motor energizing relay 200 
which upon actuation closes a normally open single 
pole, single throw switch 204 to energize the motor's 
door closing winding 22. 
A presence relay 210 is controlled by the presence 

sensor which detects the presence of an object such as 
a vehicle or person in the doorway. The preferred pres 
ence detector is photocell 30, however, other presence 
sensors such as capacitive, inductive, ultrasonic and 
radar systems may be employed. Since the preferred 
presence sensor is a photocell, presence relay 210 will 
hereinafter be referred to as photorelay 210. 
Photorelay 210 is controlled by a photorelay operat 

ing circuit 230. Relay 210 has an operating winding 
212 which is normally energized. A single pole, single 
throw switch 218 is held normally open by the actua 
tion of operating winding 212. One of the contacts of 
switch 218 is connected to conductor 264 and the 
other is connected to the hot side of the power line, 
conductor 266. Winding 212 also controls a single 
pole, double throw switch 214 having a moving contact 
216 which is connected to conductor 264. The nor 
mally closed contact of switch 214 connects conductor 
264 to the winding 202 of close door energization relay 
200. The normally open contact of switch 214 connects 
to the operating winding 162 of interlock relay 160 and 
to the normally open switch 164. 
The photorelay operating circuit employs two vac 

uum tubes 232 and 234 and a photoresponsive tube as 
the light sensing device. Tube 232 is a pentode beam 
power amplifier such as a 5AQ5, while tube 234 is a 
miniature thyratron such as a 2D21. Photorelay operat 
ing circuit 230 controls the operation of the photorelay 
whereby upon the light beam being interrupted the 
relay is de-energized and after re-establishment of the 
beam, the relay is re-energized after a predetermined 
time. The predetermined time is controlled by the dis 
charging of capacitor 236 which is fully charged by in 
terruption of the light beam. Switch 82 which is con 
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trolled by treadle relay 70 shorts capacitor 236 each 
time the treadle relay is operated in order to fully dis 
charge capacitor 236, thereby assuring that photorelay 
210 is in its actuated condition. When capacitor 236 is 
discharged, the door close delay system is in its rest 
condition. 
Several manually operated switches are provided to 

compliment and augment the automatic operation of 
the controller. Some of these switches have already 
been discussed, however, each will be mentioned here 
for completeness. Switch 240 is the power on-off 
switch and connects manual stop switch 254 and thus 
hot power bus 266 to the main source of power. This 
switch may be used to stop the door at any point, how 
ever, it is preferable to use the manual stop switch 254. 
A manual do-not-close switch 242 connects conduc 

tor 262 to conductor 264. Opening this switch prevents 
a close pre-set relay from being energized and thus pre 
vents the door from being automatically closed. 
Switch 244 is a photo-override switch which when 

operated disables interlock relay 160 and prevents it 
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20 

from opening switch 166, when the photorelay would 
otherwise energize the interlock relay. This allows the 
door to be manually controlled in the event that the 
light source burns out so that no beam strikes the 
photo-cell 30. 
Switch 246 is a night switch which turns off treadle 

switch 36 so that cars driving over the bell hose 34 will 
not cause the door to open, even though the control 
system is on. 
Switch 248 is a manual door close switch which when 

closed energizes the close door energization relay 200. 
In the event that the light source is burned out, this 
switch must be actuated in combination with switch 
244 is order to close the door. 
Switch 250 is a manual door open switch which when 

closed energizes the door open motor energization 
relay to energize winding 20 to open the door. 
Switch 252 is a manually operated emergecy reverse 

switch which may be used to energize the emergency 
reverse relay to cause the closing door to instanta 
neously reverse and open. 
Switch 254 is a manually operated stop switch which 

stops the door in whatever position it is in when the 
switch is pressed. 
OPERATION OF THE PREFERRED EMBOOMENT 

The operation of the preferred embodiment of the 
invention will now be explained by following, step-by 
step, a complete cycle of door operation. 
At the beginning of the door operation cycle every 

switch is in its normal position, the power switch 240 
being closed to energize the control system and the 
night switch 246 being closed to energize the treadle 
switch 36. 
The door operation cycle is initiated by a vehicle 

driving across treadle hose 34. The weight of the vehi 
cle's wheels on hose 34 actuates treadle switch 36, clos 
ing the switch and thereby forming a complete circuit 
from the hot power line bus 266 through treadle switch 
36, night switch 246, treadle relay operating winding 
72 and back to the grounded power bus 268. The cur 
rent through operating winding 72 creates a magnetic 
field which attracts the moving contacts 78 and 84 of 
the single pole, double throw switches 76 and 82. 
Contact 84 completes a circuit through its normally 
open contact thus shorting the photorelay control cir 
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6 
cuit capacitor 236, thus assuring that photorelay 210 is 
in its normal operated condition. 
Moving contact 78 connects open signal conductor 

260 to the hot power bus 266 upon making contact 
with its normally open contact. This completes a circuit 
through operating winding 122 of re-open delay relay 
120 and open limit switch 60 back to the grounded 
power supply bus 268. This actuates re-open delay 
relay 20, closing switch 24 and establishing a holding 
circuit for relay 120. This initiates a delay re-open tim 
ing cycle controlled by delayed switch 02. 
Close limit switch 62 is open since door 12 is fully 

closed, therefore no current flows through operating 
winding 142 of delay selection relay 140 and delay by 
pass switch 44 is closed. This switch connects conduc 
tor 260 directly to the operating winding 42 of open 
motor energizing relay 40 to complete a circuit through 
the operating winding and open limit switch 60. The 
current which consequently flows through operating 
winding 42 immediately builds a magnetic field which 
attracts the moving contacts of single pole, single throw 
switches 46 and 54. Closing of switch 54 creates a hold 
ing circuit from hot power bus 266 through normally 
closed switch 186, switch S4, operating winding 42 and 
open limit switch 60. This holding circuit will hold relay 
40 energized until switch 186 is opened or limit switch 
60 is opened by the door being fully opened. While 
relay 40 was being energized through switch 44 and 
the holding circuit through switch 54 was being estab 
lished, current was flowing through heater 108 of ther 
mal delay switch 102. After the delay time of switch 
102 (a few seconds) delay switch 102 closes, energizing 
the circuit formed by switch 224, thermal delay switch 
102 through its terminal 64, switch 126, operating 
winding 42 of relay 40 and close limit switch 60. There 
fore, even if switch 286 is opened prior to door 12 
being fully opened so that limit switch 66 opens, a hold 
ing circuit for relay 40 is maintained through the re 
open delay relay 20. 
The establishment of the above described circuits is 

unaffected by the length of time that treadle switch 36 
is closed, so long as it is closed for a sufficient time to 
actuate relay 70, since relay 7 upon actuation remains 
operated long enough to actuate reopen delay relay 
120 and open motor energizing relay 40. 
The operation of relay 40 energizes motor 18 to open 

door 12. As the door opens, close limit switch 62 
changes from its normally open position to a closed 
condition within the first few inches of door travel. This 
causes current to flow through operating winding 142 
of delay selection relay 40 thus opening switch 144. 
This removes the energization circuit for relay 40 
which by-passes reopen delay relay 20, however, at 
this point the relay holding circuit through switch 54 
has been established and assures the continued actua 
tion of relay 40 until delay switch 102 actuates to pro 
vide an alternate energization circuit. 
Once treadle switch 36 is no longer actuated by the 

weight of the vehicle in travel lane a 4, treadle relay 70 
is de-energized and switches 76 and 82 return to their 
normal conditions. Switch 82 reconnects timing capac 
itor 236 in the timing circuit of the photorelay control 
circuit 230. The shorting of capacitor 236 by switch 82 
has assured that photorelay 280 is now in its actuated 
condition, even if it was de-actuated previously. 
When the light beam is interrupted, photosensor 30 

becomes a high impedance, thus allowing a high volt 
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age to be impressed across capacitor 236. Capacitor 
236 is charged so that its upper plate is positive with re 
spect to its lower plate. Charging current through ca 
pacitor 236 is restricted to unidirectional flow by tube 
234 during the period the light beam is interrupted. 
The charging of capacitor 236 drives the grid of tube 
232 negative beyond cutoff, thereby cutting off the op 
erating current for photorelay 210. This deactuates the 
relay. 
When the light beam is re-established, photosensor 

30 once again becomes a low impedance for voltage 
which tends to retain capacitor 236 charged. The ca 
pacitor discharges through its parallel resistor, which is 
made variable to control the discharge time of the ca 
pacitor. Once capacitor 236 discharges to less than the 
cutoff voltage of tube 232, tube 232 begins conducting 
again, thus re-actuating relay 210. 
The discharge time of capacitor 236 is preferably set 

to assure that photorelay 210 cannot be de-actuated 
and re-actuated during the period of time it takes door 
12 to open fully. The importance of this feature will be 
discussed hereinafter in connection with the closing of 
the door. 
Four different situations can arise while door 12 is 

opening. First, no external stimuli may be impressed on 
the control circuitry until after the door is fully opened. 
In that event, motor relay 40 is de-actuated by the 
opening of limit switch 60 and subsequent events must 
be awaited to initiate the closing of the door. The clos 
ing of the door will be discussed hereinafter. 
Second, another vehicle or another set of wheels on 

the same vehicle may cross treadle hose 34 while the 
door is still opening. This reactuates treadle switch 36 
and treadle relay 70 which again actuates switches 76 
and 82. The actuation of switch 76 has no effect on the 
control circuitry since relay 120 is held actuated by its 
holding circuit through switch 124 and switch 144 is 
now open. The operation of switch 82 again shorts ca 
pacitor 236, assuring that photocontrol circuit 230 is in 
its rest condition. After release of treadle switch 36 and 
de-actuation of relay 70 the situation is one in which 
the door is continuing to open as above. 
Third, a vehicle may pass through the doorway inter 

rupting the light beam from light source 32 to photocell 
30. This causes capacitor 236 to charge, which as dis 
cussed above cuts tube 232 off and interrupts the flow 
of current through the operating winding 212. This 
causes photorelay 210 to de-actuate so that switches 
214 and 218 change states. When switch 218 changes 
states, it connects the hot power line bus 266 to con 
ductor 264 and to the moving contact 216 of switch 
214. The connection of the hot power line to conductor 
264 creates an actuation circuit for close preset relay 
180 in which current flows through switch 218, do-not 
close switch 242, operating winding 182, photo 
override switch 244 and close limit switch 62 to the 
grounded power supply bus 268. Actuation of relay 
180 attracts the moving contacts of switches 184 and 
186, thus closing switch 184 and opening switch 186. 
The opening of switch 186 breaks the holding circuit 
for relay 40 which is formed through switch 54 and 
186. However, as noted above, re-open delay relay 120 
forms another holding circuit for relay 40. 
Closing of switch 184 connects conductor 262 to the 

normally closed contact of switch 76. If the treadle 
relay 70 is unactuated, this connects hot power supply 
bus 266 to conductor 262 and forms a holding circuit 

10 

15 

20 

25 

35 

40 

45 

SO 

55 

60 

65 

8 
for close pre-set relay 180. This holding circuit will be 
retained until treadle relay 70 is operated, manual stop 
switch 254 is actuated or close limit switch 62 opens as 
a result of the door closing fully. 
Turning now to the effects of switch 214 changing 

states upon de-actuation of photorelay 210, it can be 
seen that an energization circuit for interlock relay 160 
is formed by conductor 266, switch 218, conductor 
264, switch 214, operating winding 162 of relay 160, 
photo-override switch 244 and close limit switch 62. 
Actuation of relay 160 attracts the moving contacts of 
switches 164 and 166, thus closing switch 164 and 
opening switch 166. The opening of switch 166 renders 
manual close switch 248 ineffective to cause the door 
to close. This is to prevent the door from closing while 
an object is obstructing the light beam. The closing of 
switch 164 produces no effect in the rest of the control 
circuitry, since relay 120 which it would actuate is . 
being held actuated by its holding circuit through 
switch 124. X 

Even if the photobeam is re-established prior to the 
door becoming fully open, photorelay 210 will not be 
re-actuated until after the door is fully opened, since 
capacitor 236 has a discharge time which is greater 
than the length of time it takes the door to open. There 
fore, the door will continue to open without further ef 
fect from the photorelay. 

Fourth, after the light beam has been interrupted and 
re-established, but while door 12 is still opening, trea 
dle switch 36 can be re-actuated by another vehicle. 
This actuates switches 76 and 82. Re-actuation of 
switch 82 once again shorts timing capacitor 236 to re 
turn photorelay control circuit 230 to its rest condition 
as described above. Re-actuation of switch 76 inter 
rupts the holding circuit for relay 180 which is formed 
through switch 184. However, this has no significant 
effect, since relay 180 is still held operated by switch 
218 of photorelay 210. 
No matter which of the above sequence of events oc 

curs, open limit switch 60 opens when the door be 
comes fully opened, thus interrupting the current flow 
through operating winding 42 of relay 40 to de-actuate 
the relay and de-energize motor 18's open winding 20. 
The opening of limit switch 60 also breaks the current 
flowing through reopen delay relay 120, thus causing it 
to de-actuate. 
The door close cycle will depend on which of the four 

different situations arose during the opening of door. 
12. The operation as a result of the first and second sit 
uations differs only in when timing-capacitor 236 will 
become discharged. Since this effects the timing, but 
not the sequence of events these two situations can be 
handled here without differentiating between them. 
Once the door has become fully open without the light 
beam being interrupted, the door will remain open until 
the light beam is interrupted and re-established. If a ve 
hicle should actuate treadle switch 36 before the light 
beam has been interrupted, its only effect is to short ca 
pacitor 236 to completely discharge it. Switch 76 
causes no effect in reopen delay relay 120 since open 
limit switch 60 is open. 
Now assume that a vehicle passes through the door 

way, thus interrupting the light beam. This causes pho 
torelay 210 to de-actuate as explained above. This de 
actuation of photorelay 210 produces the same effects 
as were described above in situation three of the door 
opening cycle. Thus, relay 180 is actuated to establish 
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its holding circuit through switches 184 and 76, and in 
terlock relay 160 is actuated to render manual close 
switch 248 ineffective and to close switch 164 which 
however, produces no effect on reopen delay relay 120 
since open limit switch 60 is open. No further signifi 
cant events will occur until the light beam is re 
established. Once the light beam is re-established, tim 
ing capacitor 236 begins to discharge. When capacitor 
236 becomes sufficiently discharged, tube 232 con 
ducts heavily enough to re-actuate photorelay 210. Re 
actuation of photorelay 210 opens switch 218 and 
causes switch 214 to return to its normal position. 
Opening switch 218 removes the circuit path from hot 
power bus 266 to conductor 264 which passes through 
switch 218. Return of switch 214 to its normal position 
connects conductor 264 to one end of operating wind 
ing 202 of close motor energizing relay 200. This con 
nects the hot power line bus 266 to operating winding 
202 through a path comprised of switch 76, switch 184, 
do-not-close switch 242 and switch 214. This actuates 
relay 200 closing switch 204 to energize the motor 
close winding 22. 
The operation of the close timing circuitry as a result 

of the occurrence of either the third or fourth situation 
during the door opening cycle is similar to that just dis 
cussed, except that the light beam has also been inter 
rupted and re-established prior to the door becoming 
completely opened and therefore, only the discharging 
of capacitor 236 must be awaited before photorelay 
210 will re-actuate to energize motor close relay 200. 
The closing of door 12 having been initiated in the 

manner just described, all the control circuitry is in its 
normal condition except close limit switch 62 is closed 
and close preset relay 180 and close motor energizing 
relay 200 are both actuated so that switches 184 and 
204 are closed and switch 186 is open and finally cur 
rent flows through actuating winding 142 of delay se 
lection relay 140 so that switch 144 is open. As can be 
seen from the diagram, the only holding circuit which 
holds close preset relay 180 actuated is composed o 
switch 76, switch 184, operating winding 182, photo 
override switch 244 and close limit switch 62. The 
holding circuit for motor close relay 200 is comprised 
of switch 76, switch 184, conductor 262, do-not-close 
switch 242, conductor 264, switch 214, operating 
winding 202 and close limit switch 62. 
Four different situations can arise while the door 12 
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is closing. First, no control events may occur while the 
door is closing. In this event, close limit switch 62 
opens when the door becomes fully closed thereby 
breaking the holding circuits for relays 180 and 200 
and de-actuating them to de-energize motor close 
winding 22. - 
Second, a vehicle may drive over treadle hose 34 

while the door is closing. This actuates treadle switch 
36 which energizes treadle relay 70 to attract moving 
contact 78 of switch 76. Movement of moving contact 
78 breaks the holding circuit for relays 180 and 200, 
thus de-energizing motor close winding 22 to stop the 
door's motion. When moving contact 78 makes contact 
with its normally open contact, it connects the hot 
power bus 266 to the open signal conductor 260. This 
provides an actuation circuit for reopen relay 120 
which is comprised of switch 76, operating winding 122 
and open limit switch 60. Relay 120 is thus actuated at 
tracting the moving contacts of switches 124 and 126. 
Switch 124 when closed forms a holding circuit to 
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maintain relay 120 energized. Switch 126 connects ter 
minal 104 of delay switch 102 to the high side of oper 
ating winding 42 of open motor energizing relay 40. It 
is noted at this point that since switch 144 is open, relay 
40 is not immediately energized as was the case when 
the door was fully closed. The connection of the hot 
power line to conductor 260 causes current to flow 
through heater 108 of delay switch 102. This heater 
heats the bimetallic contact 10 which at the end of the 
prescribed delay period closes an energizing circuit for 
relay 40. This energizing circuit is composed of switch 
124, terminal 106, contact 10, terminal 104, switch 
126, operating winding 42 and open limit switch 60. 
The completion of this energizing circuit actuates the 
relay to energize the open motor winding 20. The door 
is therefore caused to reopen. For all relevant pur 
poses, once relay 40 has been actuated the door is now 
in a door open cycle as was discussed above. Thus, a 
door reversal operation has taken place in which the 
closing door was stopped by de-actuation of close 
motor relay 200 and de-energization of close windings 
22 of the motor and then after a predetermined delay 
of a few seconds the door was reopened. Thus the ob 
ject of reversing the door's motion without jerking the 
door has been accomplished. 
The third situation which may arise is that while the 

door is closing an object may obstruct the light beam 
from light source 32 to photocell 30. In response to 
such an obstruction of the light beam, photorelay con 
trol circuit 230 de-actuates photorelay 210 causing 
switches 214 and 218 to switch. Switching of switch 
214 opens the energization circuit for close motor en 
ergizing relay 200 to open switch 204, and de-energize 
motor close winding 22, thus stopping the door. Switch 
218 connects the hot side of the power supply to con 
ductor 264 and to the moving contact 216 of switch 
214. Moving contact 216 of switch 214 which is now 
in contact with the normally open contact of switch 
214 completes an energization circuit for interlock 
relay 160 which actuates that relay. This energization 
circuit is composed of switch 28, conductor 264, 
switch 214, operating winding 62, photo-override 
switch 244, and close limit switch 62. Actuation of in 
terlock relay 160 closes switch 164 which connects the 
hot side of the power supply to open signal conductor 
260. Thereafter, the operation of the reopen delay 
relay and delay switch is the same as it was in the sec 
ond situation above in which it was the treadle relay 
switch which initiated the reversal of the door. It is to 
be noted, however, that close preset relay 180 is still 
actuated, since switch 76 has not been switched. How 
ever, as discussed in connection with the opening cycle 
of the door the photorelay control circuit 230 will not 
re-actuate the photorelay 210 until after the door is 
fully opened. Thus, close motor relay 200 will not be 
re-actuated until after the door is fully opened. 
The fourth situation which may occur while the door 

is closing is that the safety edge 38 on the bottom of 
door 12 may strike an object. Safety edge 38 then oper 
ates the safety edge switch 39 to generate an emer 
gency reverse signal. Actuation of switch 39 actuates 
emergency reverse relay 30 by forming an actuation 
circuit from the hot side of the power line through 
switch 39, operating winding 132 and close limit switch 
62. Actuation of relay 130 closes switches 134 and 136. 
Switch 134 closes an actuation circuit for treadle relay 
70, thereby operating switches 76 and 82. Switch 76 
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breaks the holding circuit for the close pre-set relay 
180 and close motor relay 200 while switch 82 dis 
charges capacitor 236. This stops the door's downward 
movement. Simultaneously with the actuation of trea 
dle relay 70, the closure of switch 136 completes an en 
ergization circuit for open motor relay 40. This circuit 
extends from the hot side of the power line through 
switch 136, operating winding 42 and open limit switch 
60. This immediately energizes the motor in the open 
direction. Thus, the closure of switches 134 and 136 
produce an instantaneous reversal of the direction of 
rotation of motor 18, thereby stopping the door in the 
minimum distance and causing it to reopen. It is noted 
that when relay 40 actuates, it completes a holding cir 
cuit comprised of open limit switch 60, switch 54 and 
switch 186 which is now closed since close pre-set relay 
180 has been de-actuated by treadle relay 70. 

In the second and fourth situations which may arise 
while the door is closing, the light beam must be inter 
rupted and re-established before the door can be re 
closed, since deactuation of photorelay 210 is neces 
sary in order to actuate close pre-set relay 180. In the 
third situation, that in which the door reversal was initi 
ated by interruption of the light beam, the light beam 
only needs to be re-established and capacitor 236 dis 
charged to cause the door to close again. Thus, once 
the door has fully reopened the situation is similar to 
that where the door started to open from the fully 
closed position. w 
Once the door has fully closed as in the first situation 

for the closing door, the door is ready to be reopened 
in the same fashion as occurred initially. That is the 
door will open immediately upon actuation of the trea 
dle switch 36, since switch 144 will be closed (close 
limit switch 62 being open). 
On additional situation needs to be considered for a 

full understanding of the operation of the preferred 
controller. That is a situation where the door is fully 
closed and someone inside the garage obstructs the 
light beam. This will cause photorelay 210 to de 
actuate, thus, connecting the hot side of the power line 
to conductor 264 through switch 218 to moving 
contact. 216 of switch 214 and thus, to the operating 
winding 162 of interlock relay 160. Since door 12 is 
fully closed, close limit switch 62 is open and no ener 
gizing current flows through interlock operating wind 
ing 162. Therefore, switch 164 does not close and door 
12 remains closed. Thus, when the door is fully closed 
traffic attempting to pass through the doorway in the 
wrong direction does not initiate a door open cycle. 
While a thermal delay switch is preferred as delay 

timer 102, other types of timers may be employed. If 
the timer used deteriorates with use, delay by-pass 
switch 144 may be changed from a single pole single 
throw (SPST) switch to a single pole double throw 
switch (SPDT). The SPDT switch is wired so that re 
open delay relay 120 is actuated only when the door is 
partially open. This saves delay timer 102 from actua 
tion when the door opens from the fully closed posi 
tion. 
While the invention has been described in terms of 

the operation of the preferred embodiment, it will be 
understood by those skilled in the art that variations 
may be made in this embodiment without departing 
from the spirit and scope of the invention. 
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1. An automatic door control system for controlling 

a door, said door being located in a doorway having 
first and second sides, one side being an entrance side, 
the other side being an exit side, and having a travel 
lane passing through the doorway, said door being 
driven by an instantaneously electrically reversible mo 
tor, said door control system comprising: 
a treadle switch which is operated by a bell hose in 
response to a vehicle driving over the hose in the 
travel lane; 

treadle relay means having an actuation circuit which 
is completed by operation of the treadle switch; 

door open motor energizing relay means having a 
relay operated switch which completes an energi 
zation circuit for energizing the motor to open the 
door; 

reopen delay relay means having an actuation circuit 
which is completed by operation of the treadle 
relay except when the door is fully opened; 

a delay switch connected to the reopen delay relay to 
be energized by the operation of the reopen delay 
relay, said delay switch completing an actuation 
circuit for the open motor relay upon expiration of 
its delay period; 

a relay by-pass switch connected to the treadie relay 
and the open motor relay for immediately complet 
ing an energization circuit for the open motor relay 
when the delay by-pass switch is closed and the 
treadie relay operates, said delay by-pass switch 
being operated by a delay selection relay, said 
switch being closed when the door is fully closed 
and open at all other times; 

a light source means located on the first side of the 
doorway, said light source producing a beam of 
light extending across the travel lane to be inter 
rupted by an object passing through the doorway; 

a photocell on the first side of the doorway and 
across the travel lane from the light source and po 
sitioned to receive the light beam; 

a photorelay control circuit for controlling a photore 
lay in response to the presence or absence of the 
light beam at the photocell, said photorelay control 
circuit being in a rest condition and the photorelay 
is actuated and the light beam is present at the pho 
tocell, said photorelay being de-actuated upon in 
terruption of the light beam, said photorelay con 
trol circuit containing a timing device which pre 
vents the photorelay from re-actuating in response 
to re-establishment of the light beam until after the 
expiration of a delay period, said timing device 
being reset to its rest condition by the operation of 
the treadle relay during the delay period; 

a close preset relay having an actuation circuit which 
is completed by de-actuation of the photorelay, 
and having a holding circuit which is broken by 
operation of the treadle relay; 

door close motor energizing relay means having an 
actuation circuit which is completed by re-action 
of the photorelay while the close preset relay is ac 
tuated, said actuation circuit being interrupted by 
de-actuation of the close preset relay and by de 
actuation of the photorelay; 

a safety edge on the leading edge of the door for sens 
ing the presence of an obstruction in the path of the 
closing door, said safety edge operating an emer 
gency reverse switch upon striking an object; 
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emergency reverse relay means having an actuating 
circuit which is completed by operation of the 
emergency reverse switch, said emergency reverse 
relay actuating the treadle relay to break the hold 

14 
ation circuit for the reopen delay relay, except 
when the door is fully open, 

a close preset relay having an actuation circuit which 
is completed by de-actuation of the photorelay, 

ing circuits of the close preset relay and the close 5 and having a holding circuit which is broken by 
motor relay to de-energize the motor from its door operation of the treadle relay; 
close condition, said emergency reverse relay also door close motor energizing relay means having an 
completing an actuation circuit for the open motor actuation circuit which is completed by re 
relay to instantaneously reverse the motor and re- actuation of the photorelay while the close preset 
open the door; 1.O relay is actuated, said actuation circuit being inter 

an interlock relay having an actuation circuit which 
is completed by de-actuation of the photo-relay, 
except when the door is completely closed, said in 

rupted by de-actuation of the close preset relay and 
by de-actuation of the photo-relay. 

3. The apparatus of claim 2 wherein the motor is in 
stantaneously electrical reversible and the motor con 

15 trol circuit further comprises: 
an emergency reverse sensor on the door for sensing 

terlock relay operating an interlock switch which 
when closed completes an actuation circuit for the 
reopen delay relay, except when the door is fully 
open, whereby interruption of the light beam while 
the door is closing breaks the operating circuit for 
the close motor relay and operates the reopen 
delay relay to energize the delay switch to energize 
the open motor relay after a predetermined delay 
time whereby the closing door is stopped for a mo 
ment and then reopened. 

20 

the presence of an obstruction in the path of the 
closing door, said sensor operating an emergency 
reverse switch upon sensing an object; 

emergency reverse relay means having an actuating 
circuit which is completed by operation of the 
emergency reverse switch, said emergency reverse 
relay actuating the treadle relay to break the hold 
ing circuits of the close preset relay and the close 
motor relay to de-energize the motor from its door 
close condition, said emergency reverse relay also 
completing an actuation circuit for the open motor 
relay to instantenously reverse the motor and re 
open the door. 

4. An automatic door control system for controlling 
a door, said door being located in a doorway having 
first and second sides, one side being an entrance side, 
the other side being an exit side, and having a travel 
lane passing through the doorway, said door being 

35 driven by an electrically reversible motor, said door 
control system comprising: 
a treadle switch which is operated by a sensor in re 
sponse to a vehicle driving in the travel lane; 

treadle relay means having an actuation circuit which 

2. An automatic door control system for controlling 
a door, said door being located in a doorway having 25 
first and second sides, one side being an entrance side, 
the other side being an exit side, and having a travel 
lane passing through the doorway, said door being 
driven by an electrically reversible motor, said door 
control system comprising: 3O 
a treadle switch which is operated by a sensor in re 
sponse to a vehicle driving in the travel lane; 

treadle relay means having an actuation circuit which 
is completed by operation of the treadle switch; 

door open motor energizing relay means having a 
relay operated switch which completes an energi 
zation circuit for energizing the motor to open the 
door; 

reopen delay relay means having an actuation circuit 

device being reset to its rest condition by the oper 
ation of the treadle relay during the delay period; 
de-actuation of the photorelay completing an actu 

which is completed by operation of the treadle 40 is completed by operation of the treadle switch; 
relay except when the door is fully opened; door open motor energizing relay means having a 

delay means connected to the reopen delay relay to relay operated switch which completes and energi 
be energized by the operation of the reopen delay zation circuit for energizing the motor to open the 
relay, said delay means completing an actuation door; 
circuit for the open motor relay upon expiration of 45 reopen delay relay means having an actuation circuit 
its delay period; which is completed by operation of the treadle 

a light source means located on the first side of the relay except when the door is fully opened; 
doorway, said light source producing a beam of delay means connected to the reopen delay relay to 
light extending across the travel lane to be inter- be energized by the operation of the reopen delay 
rupted by an object passing through the doorway; 50 relay, said delay means completing an actuation 

a photocell on the first side of the doorway and circuit for the open motor relay upon expiration of 
across the travel lane from the light source and po- its delay period; 
sitioned to receive the light beam; . a light source means located on the first side of the 

a photorelay control circuit for controlling a photore- 55 doorway, said light source producing a beam of 
lay in response to the presence or absence of the light extending across the travel lane to be inter 
light beam at the photocell, said photo-relay con- rupted by an object passing through the doorway; 
trol circuit being in a rest condition when the pho- a photocell on the first side of the doorway and 
torelay is actuated and the light beam is present at across the travel lane from the light source and po 
the photocell, said photorelay being de-actuated to sitioned to receive the light beam; 
upon interruption of the light beam, said photore- a photorelay control circuit for controlling a photore 
lay control circuit containing a timing device which lay in response to the presence or absence of the 
prevents the photorelay from re-actuating in re- light beam at the photocell, said photorelay control 
sponse to re-establishment of the light beam until circuit being in a rest condition and the photorelay 
after the expiration of a delay period, said timing is being actuated when the light beam is present at 

the photocell, said photorelay being de-actuated 
upon interruption of the light beam, said photore 
lay control circuit containing a timing device which 
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prevents the photorelay from re-actuating in re 
sponse to re-establishment of the light beam until 
after the expiration of a delay period, said timing 
device being reset to its rest condition by the oper 
ation of the treadle relay during the delay period; 

a close preset relay having an actuation circuit which 
is completed by de-actuation of the photorelay, 
and having a holding circuit which is broken by 
operation of the treadle relay; 

door close motor energizing relay means having an 
actuation circuit which is completed by re 
actuation of the photorelay while the close preset 
relay is actuated, said actuation circuit being inter 
rupted by de-actuation of the close preset relay and 
by de-actuation of the photorelay; 

an interlock relay having an actuation circuit which 
is completed by de-actuation of the photo-relay, 
except when the door is completely closed; said in 
terlock relay operating an interlock switch which 
when closed completes an actuation circuit for the 
reopen delay relay, except when the door is fully 
open; whereby interruption of the light beam while 
the door is closing breaks the operating circuit for 
the close motor relay and operates the reopen 
delay relay to energize the delay switch to energize 
the open motor relay after a predetermined delay 
time whereby the closing door is stopped for a mo 
ment and then reopened. 

S. The apparatus of claim 4 wherein the motor is in 
stantaneously reversible and the door control system 
further comprises: 
an emergency reverse switch; 
emergency reverse relay means having an actuating 
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circuit which is completed by operation of the 
emergency reverse switch, said emergency reverse 
relay actuating the treadle relay to break the hold 
ing circuits of the close-preset relay and the close 
motor relay to de-energize the motor from its door 
close condition, said emergency reverse relay also 
completing an actuation circuit for the open motor 
relay to instantaneously reverse the motor and re 
open the door. 

6. An automatic door control system for controlling 
a door, said door being located in a doorway having 
first and second sides, one side being an entrance side 
and the other side being an exit side, and having a 
travel lane passing through the doorway, said door con 
trol system comprising: 
an instantaneously reversible electric motor for 
opening and closing the door; 

a treadle switch for providing an electrical open door 
command signal, said switch being operated by a 
car driving in the travel lane; 

a motor energizing door opening relay operated by 
the open door command signal to energize the 
motor to open the door, said relay having a holding 
circuit for retaining the relay energized after the 
door open command signal has terminated, 

an open limit switch for interrupting the relay holding 
and energizing circuits when the door is fully open, 
thereby de-energizing the motor and preventing 
the motor from being energized in the open direc 
tion until the door is partially closed; 

a light source located on the first side of the doorway, 
said light source producing a beam of light extend 
ing across the travel lane to be interrupted by an 
object passing through the doorway; 
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a photocell on the first side of the doorway and 

across the travel lane from the light source and po 
sitioned to receive the light beam; 

delay means for initiating automatic closing of the 
door, said delay means having a rest condition and 
while in said rest condition being responsive to in 
terruption and reestablishment of the light beam to 
initiate a delay period, said delay means producing 
a close door command signal at the end of the 
delay period, 

reset means responsive to actuation of the treadle, 
said reset means resetting the delay means to its 
rest condition in response to a door open command 
signal which is received while the delay means is in 
the delay period; 

a door close relay operated by the door close com 
mand signal for energizing the motor to close the 
door; 

a close limit switch responsive to the door closing 
completely for interrupting the door-close relays' 
energization circuit; 

door reversing means, said door reversing means 
being responsive, while the door is closing, to actu 
ation of a treadle or interruption of the light beam 
to terminate the close door command signal and 
de-energize the door close relay and the motor, 
said reversing means producing an open door.com 
mand signal a predetermined time later to energize 
the door open relay and the motor to reopen the 
door, said reversing means being responsive to an 
emergency reverse command signal to instanta 
neously reverse the energization of the motor by 
terminating the close door command signal and 
producing a door open command signal to immedi 
ately reverse the direction of door travel to reopen 
the door. 

7. An automatic door control system for controlling 
a door which controls passage through a doorway, said 
door being powered by a reversible electric motor, said 
control system comprising: 

treadle switch means operated by a sensor in re 
sponse to an object approaching the door; 

treadle relay means actuated by the treadle switch 
means; the door; 

door open motor energizing relay means having a 
relay operated switch which completes an energi 
zation circuit for energizing the motor to open 
the 1door; 

a reopen delay relay having an actuation circuit 
which is completed by operation of the treadle 
relay except when the door is fully opened; 

a delay means connected to the reopen delay relay to 
be energized by the operation of the reopen delay 
relay, said delay means completing an actuation 
circuit for the open motor relay upon expiration of 
its delay period; 

presence sensor means responsive to the presence of 
an object in the doorway, said presence sensor as 
suming a first condition when no object is in the 
doorway and a second condition when an object is 
in the doorway; 

presence relay means assuming a first condition when 
the presence sensor is in its first condition and as 
suming a second condition when the presence sen 
sor is in its second condition; 

close preset relay means having an actuation circuit 
which is completed by the presence relay assuming 
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its second condition, and having a holding circuit 
which is broken by operation of the treadle relay; 

door close motor energizing relay means having an 
actuation circuit which is completed by the pres 
ence relay assuming its first condition while the 
close preset relay is actuated, said actuation circuit 
being interrupted by de-actuation of the close pre 
set relay means and by the presence relay assuming 
its second condition. 

8. The apparatus of claim 7 wherein the motor is in 
stantaneously reversible and the door control system 
further comprises: 
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an emergency reverse switch; 
emergency reverse relay means having an actuating 

circuit which is completed by operation of the 
emergency reverse switch, said emergency reverse 
relay actuating the the treadle relay to break the 
holding circuits of the close-preset relay and the 
close motor relay to de-energize the motor from its 
door close condition, said emergency reverse relay 
also completing an actuation circuit for the open 
motor relay to instantaneously reverse the motor 
and reopen the door. 
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