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3,619,946 
AUTOMATIC DOOR OPERATOR 

Thomas H. Crocker, Niles, Mich, assignor to American 
Metal Climax, Inc., New York, N.Y. 
Filed Nov. 27, 1970, Ser. No. 93,093 

Int, C. E05f. I3/04 
U.S. C. 49-264 10 Caims 

ABSTRACT OF THE DISCLOSURE 
An automatic door operator for a door mounted upon 

a door frame for sliding movement in a vertical plane be 
tween open and closed positions includes a drive cylinder 
to open and close the door by means of a drive piston 
slidably movable within the drive cylinder between air in 
lets located at each end of the cylinder. In reponSSe to 
the movement or absence of traffic adjacent the door, a 
control valve supplies compressed air to one of the air 
inlets and exhaust the other air inlet so that the drive 
piston is moved toward the other air inlet, and the door 
is advanced toward its open or closed position. As the 
door nears either of its positions, a cushion assist Switch 
is maintained in an operative condition for a short period 
of time, during which time the control valve reverses the 
air flow in the drive cylinder to assist in bringing the 
door to a gentle stop at its open or closed position. 

This invention relates to automatic door operators, and 
more particularly, to a new and improved cushioning 
assist device for use with an automatic door operator that 
automatically opens and closes a door that is mounted 
upon a door frame for sliding movement in a vertical 
plane. 
Commercially available automatic door operators are 

used to open and close a door which is mounted upon a 
door frame for sliding movement in a vertical plane be 
tween open and closed positions. One such type of auto 
matic door operator is normally mounted in the transom 
bar of the door frame above the door and utilizes a drive 
piston which is connected to the door and which is slid 
ably movable within a drive cylinder between air inlets 
located at each end of the cylinder. Upon the actuation of 
a suitable sensing device, such as a treadle mat or a photo 
electric cell, by the movement of traffic adjacent the door, 
a control valve supplies compressed air to one of the air 
inlets and exhausts the other air inlet. The resulting air 
flow within the drive cylinder causes the drive piston to 
move toward the other air inlet, and the door is slidably 
moved toward its open position. Similarly, in response 
to the absence of traffic near the door, the control valve 
supplies air to the drive cylinder in such a manner that the 
drive piston moves the door toward its closed position. 

In these types of door operators, the amount of air 
supplied to the drive cylinder must be of Sufficient mag 
nitude to rapidly accelerate the drive piston toward the 
other end of the drive cylinder so that the door is opened 
or closed in a minimal amount of time. If it were not for 
the rapid opening of the door, the sensing device, such as 
the treadlemat, would have to be located at a substan 
tial distance from the door to allow ample time for Open 
ing the door before the traffic which had activated the 
sensing device reaches the door. However, the rapid speed 
of the door while being opened or closed necessitates the 
use of some type of cushioning device to decelerate the 
door as the door reaches its fully open or closed position. 
Commercially available cushioning devices are of the 

pneumatic type in which a pneumatic cylinder is pro 
vided into which is forced a spring biased piston as the 
door reaches its fully open or closed position. The re 
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sulting force applied to the door by the spring and the 
pneumatic pressure formed within the cylinder deceler 
ates the door in the required distance, but normally causes 
some type of oscillation of the door after the door reaches 
its fully open or closed positioned so that the door is not 
brought to a gentle stop. 

Accordingly, one object of the present invention is to 
provide a new and improved automatic door operator 
for sliding doors. 
Another object is to provide a new and improved cush 

ioning assist device for automatic door operators used 
with sliding doors. 

In accordance with these and many other objects, an 
embodiment of the present invention comprises an auto 
matic door operator to open and close a sliding door 
which is connected to a drive piston slidably movable 
within a drive cylinder and which is mounted upon a 
door frame for sliding movement in a vertical plane be 
tween open and closed positions. Upon the actuation of a 
suitable sensing device, such as a treadle mat, by the 
movement of traffic adjacent the door, a control valve 
supplies compressed air to a first air inlet located at one 
end of the drive cylinder and exhausts a second air inlet 
which is located near the other end of the cylinder. The 
force of the compressed air in the cylinder causes the 
drive piston to move toward the second air inlet, and the 
door is moved toward its open position. As the door nears 
its open position, an opening cushion assist switch is main 
tained in an operative condition for a short period of 
time, during which time the control valve supplies the 
compressed air to the second air inlet and exhausts the 
first air inlet. The diversion of air flow in the drive cylin 
der assists a first pneumatic cushioning device to rapidly 
decrease the speed of the drive piston and the door so 
that the door is brought to a gentle stop at its open posi 
tion. 

After the traffic adjacent the door has been absent 
for a specified period of time, the control valve supplies 
compressed air to the second air inlet and exhausts the 
first air inlet to the atmosphere. The resulting move 
ment of the drive piston toward the first air inlet causes 
the door to move toward its closed position. As the 
door nears its closed position, a closing cushion assist 
Switch is activated which again causes the control valve 
to reverse the air flow to the first air inlet and exhausts 
the Second air inlet to the atmosphere for a short period 
of time. The reversal of air flow in the drive cylinder 
assists a second pneumatic cushioning device to gently 
stop the door at its closed position. 
Many other objects and advantages of the present in 

vention will become apparent from considering the foll 
lowing detailed description in conjunction with the draw 
ings in which: 

FIG. 1 is a perspective view of a door frame or en 
trance embodying the present invention; 

FIG. 2 is a cross sectional, fragmentary view of the 
door frame taken along line 2-2 in FIG. 1; 

FIG. 3 is a plane view of the top portion of the door 
frame shown in FIG. 1 with the front portion of the 
door frame removed; 
FIG. 4 is a cross sectional view of the door frame 

taken along line 4-4 in FIG, 3; 
FIG. 5 is a cross sectional view of the door frame 

taken along line 5-5 in FIG. 3; 
FIG. 6 is a partially schematic diagram of the elec 

trical and pneumatic circuits of an automatic door 
operator embodying the present invention; and 

FIG. 7 is an enlarged plane view of a portion of 
the automatic door operator shown in FIG. 6. 

Referring now more specifically to FIGS. 1-5 of the 
drawings, therein is illustrated a door frame or entrance 
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which is indicated generally as 20 and which embodies 
the present invention. The door frame 20 includes a 
door 22 which has a glass panel 23 secured by glass 
stops 24 and 25 and which is mounted upon the door 
frame 20 for sliding movement in a vertical plane be 
tween open and closed positions. Upon actuation of a 
suitable sensing device, such as treadle mat 26 or 27 
by traffic adjacent the door 22, the door 22 is moved to 
its open position in front of a sidelite 28 by an auto 
matic door operator 30 that is substantially located in an 
overhead transom bar 32 which forms a part of the door 
frame 20. In absence of actuation of either of the treadle 
mats 26 or 27 for a specified period of time, the door 
operator 30 returns the door 22 to its normally closed 
position as shown in FIG. 1. 
The door 22 is slidably mounted on the door frame 20 

by a door carriage 34 having a pair of wheels 36 and 38 
to allow the movement of the door 22 along a track 
40 located in the overhead transom bar 32. In order 
to maintain the door 22 in a stable vertical plane as 
it is being opened or closed by the door operator 30, 
a guide wheel 42 is attached to a base section 44 of the 
door 22 and rides within a recess 46 in a base Section 
48 of the sidelite 28. 

If the door entrance or frame 20 is used as an outside 
entrance into and out of a building rather than an 
entrance in an internal portion of the building, a Weather 
strip 50 is connectable to the base section 44 of the 
door 22 and makes sealing contact with a threshold 52 
over which the door 22 is located. In addition, a weather 
strip 54 is connectable to the overhead transom bar 
32 to insure the proper sealing of the door frame 20 
along its top portion. 
The door operator 30, as can be best seen in FIG. 3 

of the drawings, includes a drive cylinder 56 which is 
located in the overhead transom bar 32 and which has 
air inlets 60 and 62 at either end. A drive cable 64 
extends through and along the length of the drive cyl 
inder 56 and is connected to the door carriage 34 by a 
drive yoke 66. The drive cable 64 is guided for move 
ment in and around the drive cylinder 56 by a pair of 
guide rollers 68 and 70 which are located adjacent the 
air inlets 60 and 62, respectively. By simply connecting 
an auxiliary or slave cable to the yoke 66, the door 
operator 30 can be used to open bi-parting sliding 
doors as well as the illustrated door 22. 

Without the utilization of cushioning devices, the 
door 22 would impact against the door frame 20 upon 
opening and closing. To provide Some type of cushion 
ing for the opening and closing the door 22, pneumatic 
cushioning devices 72 and 74 are mounted at either end 
of the door carriage 34. As the door 22 approaches 
its open position, the cushioning device 72 decelerates 
the door 22 by applying a force against the door carriage 
34. The force applied is the result of driving a piston 
76 into a cylinder 78 against the force of a spring 80 
and the pneumatic pressure that is built up within the 
cylinder 78 as the piston 76 is inserted further into the 
cylinder 78. By adjusting an exhaust control Screw 82 
on the cylinder 78, the amount of force or cushioning 
supplied to the door 22 by the cushioning device 72 
can be varied. Likewise, as the door 22 is being closed 
by the door operator 30, the cushioning device 74 pro 
vides a certain amount of cushioning to the door 22 
by the forcing of a spring biased piston 84 into a 
pneumatic cylinder 86. 
The cushioning devices 72 and 74 are not capable 

by themselves of properly cushioning the opening and 
closing of the door 22, for the speed attained by the 
door 22 as it is opened or closed must be of Sufficient 
magnitude to open or close the door 22 in a minimal 
amount of time. If it were not for the rapid opening of 
the door 22, the treadle mats 26 and 27 would have 
to be located at a substantial distance from the door 
22 to allow ample time for the opening of the door 
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4. 
22 before the traffic which had activated the treadie 
mat 26 or 27 reaches the door 22, 

In order to assist the cushioning device 82 in gently 
Stopping the door at its open position, a normally open 
cushion switch 88 is activated by an opening cushion 
assist cam 90 located on the door carriage 34. The 
activation of the switch 88, as will be hereinafter more 
fully explained, enables the necessary cushioning assist 
to be applied to the door 22 as it is opened by the 
door operator 30. Similarly, as the door 22 is being 
closed by the door operator 30, a normally closed cush 
ioning assist Switch 92 is operated by a closing cushion 
assist can 94 that is located near the cushioning device 
74 on the door carriage 34. The operation of the switch 
92 enables the door 22 to be brought to a gentle stop 
at its closed position. 
The actual operation of the automatic door operator 

30 can be more fully explained by reference to FIGS. 6 
and 7 of the drawings. As is shown in FIG. 6, the door 
22 is held in its normally closed position by maintaining 
near the air inlet 60 a drive piston 96 to which is con 
nected the drive cable 64 and which is slidably movable 
within the drive cylinder 56. Upon activation of either 
of the treadle mats 26 or 27, a control valve 98 supplies 
compressed air to the drive cylinder 56 in such a man 
ner that the drive piston 96 is moved towards the air 
inlet 62. As the piston 96 advances toward the air inlet 
62, the drive cable 64 is moved about the guide rollers 
68 and 70 causing the movement of the door 22 toward 
its open position. After a specified period of time has 
elapsed in which neither of the treadle mats 26 or 27 
has been actuated, the control valve 98 supplies com 
pressed air to the drive cylinder 56 in Such a manner 
that the drive piston 96 moves toward the air inlet 60, 
and the door 22 is returned to its closed position by the 
movement of the drive cable 64 about the guide rollers 
68 and 70. 
More specifically, the operation of the door operator 

30 is controlled by a time-delay master relay unit 100. 
The master unit 100 is mounted adjacent the drive cylin 
der 56 in the overhead transom bar 32 and is coupled to 
an appropriate power supply through a transformer 102. 
Upon actuation of either of the treadle mats 26 or 27 
by the movement of traffic adjacent the door 22, a sig 
nal may be transmitted through a key switch 104 to the 
master unit 100. However, the key switch 104 may be 
turned off to prevent signals from being transmitted from 
the treadle mats 26 and 27 to the master unit 100 so 
that the door 22 is essentially locked in its closed posi 
tion. On the other hand, the key switch 104 may be set 
to a hold open position, in which case a signal is con 
tinuously transmitted to the master unit 100 and the door 
22 is maintained in its open position. Alternately, the key 
switch 104 may be so set that only one of the treadle 
mats, Such as mat 26, is capable of transmitting a signal 
to the master unit 100 to open the door 22. 

In response to a signal actually being transmitted 
through the key switch 104 to the master unit 100, a con 
tinuous actuating signal or potential is transmitted by the 
master unit 100 to a controller 106 on the control valve 
98. The control valve 98 supplies compressed air through 
a port 108 and an air line 110 to the air inlet 60 on the 
drive cylinder 56. At the same time, the control valve 
98 exhausts the air inlet 62 to the atmosphere by con 
necting the air inlet 62 through an air line 112 and a 
port 114 to an exhaust assembly 116 having a muffler 118. 
The control valve 98 receives compressed air from an 

appropriate air supply line 120 which is connected to the 
control valve 98 by means of an air filter 122 and a pres 
Sure regulator 124. The air filter 122 purifies the air 
supplied to the control valve 98 from the line 120 so that 
impurities in the air do not hinder the operation of the 
door operator 30. By adjusting the pressure regulator 124 
and an opening speed control 126 in the control valve 96, 
the amount of air supplied to the air inlet 60 can be 
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controlled, and the speed at which the door 22 is opened 
may be readily adjusted. Likewise, an adjustment of a 
closing speed control 128 on the control valve 96 enables 
the variance of the speed of the door 22 as it is being 
closed by the door operator 30. 
The compressed air actually supplied by the control 

valve 98 to the air inlet 60 in response to the actuating 
signal transmitted by the master unit 100 forces the piston 
96 toward the air inlet 62. The drive cable 64 is pulled 
about the guide rollers 68 and 70 so that the door car 
riage 34 is pulled by the drive yoke 66 toward the left, 
as viewed in FIG. 6. The movement of the door carriage 
34 advances the door 22 toward its open position in front 
of the sidelite 28. 
As the door 22 nears its open position, the opening 

cushion assist cam 90 on the door carriage 34 makes 
contact with a roller lever 130, and the normally open 
switch. 88 is closed. The closing of the Switch 88 causes 
the master unit 100 to discontinue transmitting the ac 
tuating signal to the controller 106 on the control valve 
98. In absence of the actuating signal, the control valve 
98 supplies compressed air through the port 114 and the 
air line 112 to the air inlet 62 and exhausts the air inlet 
60 to the atmosphere through the air line 110 and the 
port 108. 
The reversal of air flow within the drive cylinder 56 

in response to the closing of the switch 130 causes the 
drive piston 96 to be rapidly decelerated. As the speed 
of the drive piston 96 is decreased, the speed of the door 
22 as it nears its open position is also decreased which 
enables the opening cushioning device 72 to bring the 
door 22 to a gentle stop at its open position in front of 
the sidelite 28. Without the assistance of the reversal of 
the air flow within the drive cylinder 56, the opening 
cushion device 72 could not bring the door 22 to Such a 
gentle stop at its open position. 
As long as the opening cushion assist cam 90 main 

tains the switch 88 closed, the control valve 98 supplies 
the air to the air inlet 62 and exhausts the air inlet 60 
to the atmosphere. By varying the length of time that 
the switch 88 is closed, the amount of deceleration of the 
door 22 caused by the reversal of air flow in the drive 
cylinder 56 may be adjusted. To allow for Such adjust 
ment, the cam 90 is pivotally mounted on the door car 
riage 34 by a pair of screws 132 and 134. As is evident 
from FIG. 7 of the drawings, the rotating of the can 90 
about the screws 132 and 134 not only allows the adjust 
ment of the point in time during the opening of the door 
22 at which the cam surface 136 contacts the roiler lever 
130, but also the length of time during which the Sur 
face 136 is maintained in contact with the roller lever 130. 
With this adjustment to the closing of the switch 88 and 
the adjustment to the cushioning device 72, the appro 
priate amount of cushioning of the door 22 as it reaches 
its open position is provided. 
As soon as the cam surface 136 no longer is making 

contact with the roller lever 130, the Switch 88 is allowed 
to open and the master unit 100 again transmits an 
actuating signal to the control valve 98. Compressed air 
is supplied to the air inlet 60, and the air inlet 62 is ex 
hausted to the atmosphere so that the control valve 98 
maintains the drive piston 96 at a position adjacent the 
air inlet 62, and the door 22 is maintained at its open 
position. 
Once a sufficient time has elapsed in which the master 

unit 100 has received no signals from either of the mats 
26 or 27, the master unit 100 again discontinues trans 
mitting the actuating signal to the controller 106 on the 
control valve 98. The control valve 98 Supplies com 
pressed air through the port 114, and the air line 112 to 
the air inlet 62 on the drive cylinder 56 and exhausts 
the air inlet 60 through the air line 110 and the port 108 
to the exhaust assembly 116. The flow of air within the 
drive cylinder 56 causes the drive piston 96 to move 
toward the air inlet 60 which forces the drive cable 64 
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6 
about the guide rollers 68 and 70 so that the door car 
riage 34 is moved toward the right, as viewed in FIG. 6, 
and the door 22 is advanced toward its closed position. 
As the door 22 nears its closed position, the cam 94 

makes contact with a roller lever 140 which opens the 
normally closed switch 92. In response to the opening 
of the switch 92, the master unit 100 again transmits 
an actuating signal to the controller 106. The control 
valve 98 again supplies air through the port 108 and the 
air line 110 to the air inlet 60 and exhausts air inlet 62 
through the air line 112 and the port 114 to the exhaust 
assembly 116. As was the case during the opening of 
the door 22, the reversal of the air flow within the drive 
cylinder 56 causes the deceleration of the drive piston 
96 and thereby rapidly decreases the speed of the door 22 
as it nears its closed position. 
The cam 94 is pivotally mounted on the door carriage 

34 so that the amount of time during which a cam sur 
face 142 on the cam 94 is making contact with the roller 
lever 140 and the switch 92 is maintained opened readily 
can be adjusted. As long as the switch 92 is opened, the 
control valve 98 maintains the reversal of the air flow in 
the drive cylinder 56 and provides the necessary cushion 
assist for the cushioning device 74 to bring the door 22 to 
a gentle stop at its closed position. 
Once the switch '92 is allowed to close by the release 

of the roller lever 140 from the cam 94, the master unit 
100 discontinues the transmission of the actuating signal 
to the controller 106. The control valve 98 again supplies 
air to the air inlet 62 and exhausts the air inlet 60 to the 
atmosphere so that the drive piston 96 is maintained at 
a position adjacent the air inlet 60 and the door 22 re 
mains in its closed position until the actuation of either 
of the treadle mats 26 or 27. 

Although the present invention has been described by 
reference to only a single embodiment thereof, it will 
be apparent that numerous other modifications and em 
bodiments may be devised by those skilled in the art, and 
it is intended by the appended claims to cover all modi 
fications and embodiments which will fall within the true 
spirit and scope of the present invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. An automatic door operator used in opening and 

closing a door which is mounted upon a door frame for 
sliding movement in a vertical plane between open and 
closed positions in response to movement of traffic adja 
cent the door, said door operator comprising: 

a drive cylinder mounted in said door frame and hav 
ing first and second air inlets; 

a piston slidably movable within said drive cylinder 
between said first and second air inlets; 

a drive means connecting said piston to said door; 
a controlled source of compresed air connected to said 

first and second air inlets and operable to supply the 
compressed air to either of said first and second air 
inlets; 

a control means coupled to said controlled source of 
compressed air and rendering said controlled source 
effective to Supply compressed air to said first air 
inlet to move said piston toward said second air inlet 
in response to said traffic; and 

cushioning assist means coupled to said control means 
and operable to render said controlled source ef 
fective to supply said air to said second air inlet to 
retard the movement of said drive piston for a short 
period of time. 

2. The door operator as set forth in claim 1 wherein 
said drive means is a cable connected to said door by a 
drive yoke. 

3. The door operator as set forth in claim 1 wherein 
said drive cylinder is mounted in an overhead transom 
bar that forms a part of said door frame. 

4. The door operator as set forth in claim 1 wherein 
said control means renders said source of air effective 
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to supply compressed air to said second air inlet 
to move the piston toward said first air inlet in the 
absence of traffic adjacent the door, and 

said cushioning assist means rendering said controlled 
source effective to supply said air to said first air inlet 
to retard the movement of said piston for a short 
period of time. 

5. The automatic door operator as set forth in claim 
1 wherein said door is moved toward its open position as 
said piston is moved toward said second air inlet. 

6. The door operator as set forth in claim 1 including 
pneumatic cushioning devices connectable to said door, 
said pneumatic cushioning devices stopping said door in 
its open or closed position. 

7. An automatic door operator used in opening and 
closing a door which is mounted upon a door frame for 
sliding movement in a vertical plane between open and 
closed positions in response to movement of traffic adja 
cent the door, said door operator comprising: 

a drive cylinder mounted in said door and having first 
and second air inlets at either end; 

a drive piston slidably movable within said drive 
cylinder between said first and second air inlets; 

a drive cable connecting said drive piston to said door; 
a source of compressed air; 
a control valve coupling said source to each of said 

first and second air inlets; 
a sensing device actuable by said traffic; 
a control means coupled to said sensing device and 

said control valve and controlling said control valve 
to supply the air to said first air inlet upon actuation 
of said sensing device to move said drive piston 
toward said second air inlet; and 

cushioning assist means controlled by the movement 
of said door, said cushioning assist means enabling 
said control valve to supply the air to said second 
air inlet as said drive piston nears said second air 
inlet. 

8. The door operator as set forth in claim 7 wherein 
said control means enables said control valve to 

supply the air to said second air inlet whenever said 
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sensing device is not actuated for a predetermined 
time in order to move said drive piston toward said 
first air inlet, and 

Said cushioning assist means enables said control valve 
to Supply said air to said first air inlet as said drive 
piston nears said first air inlet. 

9. An automatic door operator used in opening and 
closing a door which is mounted upon a door frame for 
sliding movement in a vertical plane between open and 
closed positions in response to movement of traffic adja 
cent the door, said door operator comprising: 

a drive cylinder; 
a drive piston slidably movable in said drive cylinder; 
connecting means connecting said piston to said door; 
a control means actuable by said traffic; 
a source of compressed air controlled by said control 

means and connected to said drive cylinder, said 
Source supplying compressed air to said drive cylin 
der upon actuation of said control means to move 
said drive piston and open said door; and 

a cushioning assist means coupled to said control 
means and controlled by said door to assist in bring 
ing said door to a gentle stop at said open position 
by reversing the supply of air to said drive cylinder. 

10. The door operator as set forth in claim 9 including 
a pneumatic cushioning means connected to said door 

to aid Said cushioning assist means to bring said 
door to a gentle stop at its open position. 
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