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1

OBSTRUCTION SENSOR FOR PNEUMATIC DOOR
OPERATOR

This invention relates in general to pneumatic door
operators for opening and closing doors in a vehicle or
a building, and more particularly to an obstruction sen-
sor for a differential pneumatic door engine.

The present invention is particularly concerned with
door actuating systems where the doors are power
driven between open and closed positions in relation to
doorways through which persons are moving between
the inside and outside of a vehicle, a building, or the
like.

It has been well known to provide obstruction sensors
for door operators which reverse the closing cycle to
open a door or which otherwise stop a closing cycle. It
has also been well known to utilize pneumatic door en-
gines in door operators. In recent years, increased em-
phasis on more efficient operation of mass transit vehi-
cles has made entry and exit of passengers a critical op-
eration. Door systems have become highly complicated
and require more rapid door operation to satisfy these
requirements, door operators are necessarily designed
to generate greater forces in order to achieve the
higher door speeds.

Possibilities for injury to passengers passing through
the newer door system are substantially increased by
rapid operation and greater force characteristics. For
example, a passenger can be struck by the moving door
edge, and may be injured at the point of contact or in
a subsequent fall from the vehicle. A more sérious situ-
ation arises when a passenger is caught in the door and
dragged as the vehicle begins to move.

These factors have placed increased emphasis on ob-
struction sensing in order to allow door operation in a
reasonable time while minimizing possibilities for in-
jury to passengers. This is best done by rapidly sensing
the buildup or rate of change of force due to an ob-
struction in the door path and quickly removing the
force by reversing the door motion.

The present invention concerns an obstruction sen-
sor for a differential pneumatic door engine of the well
known type such as shown in U.S. Pat. No. 1,849,516.
It has also been well known to provide obstruction sen-
sors for such an engine responding to engagement be-
tween an obstruction and the door edges which actuate
controls, such as in U.S. Pat. No. 2,832,588. It is fur-
ther known to provide door edges with electrical
switches connected in the controls for a pneumatic
door engine. All such door edge sensors require con-
nections with the door engine controls.

The present invention provides an obstruction sensor
for a differential pneumatic engine which is built into
the controls of the engine and remote from the door
edge and depends only on the force-time relationship
of the door during the closing cycle when an obstruc-
tion is encountered. More specifically, a pressure sens-
ing switch monitors the closing pressure of an engine
during a door closing cycle such that when the closing
pressure rises above a given level due to the door en-
countering an obstruction, activation of the pressure
sensing switch causes the door to stop and move to a
fully open or partially open position as desired before
again commencing the closing cycie.

It is therefore an object of the present invention to
provide an improved obstruction sensor for a differen-
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tial pneumatic door engine which responds to the clos-
ing pressure of the engine during the closing cycle.
Another object of the present invention is to provide
a door obstruction sensor for a differential pneumatic
door engine wherein the pressure of the large cylinder
is monitored during the closing cycle and, if rising to a
given value, will actuate a pressure responsive switch to
reverse the movement of the door, and in so doing limit
the closing force developed by the door edge in both
magnitude and duration. greatly reducing possibilities
of injury to passengers who might be struck or caught

~ by the door during the closing cycle.

20

25

30

35

40

45

50

55

60

65

Other objects, features and advantages of the inven-
tion will be apparent from the following detailed disclo-
sure, taken in conjunction with the accompanying
sheets of drawings, wherein like reference numerals
refer to like parts, in which:

FIG. 1 is a somewhat diagrammatic view of a door
engine operating a door and which includes the ob-
struction sensor according to the present invention;

FIG. 2 is a piping schematic diagram of the pneu-
matic controls for the door engine shown in FIG. 1

FIG. 3 is an electrical schematic diagram of the con-
trols for the door engine; and

FIG. 4 is a piping schematic diagram of the pneu-
matic controls for a pair of door engines operating bi-
parting doors.

Referring now to the drawings and particularly to
FIG. 1, a door 10 is illustrated as being suspended from
a track 11 for sliding movement therealong in a side
wall 12 of a vehicle or building having an opening 13.
A differential pneumatic door engine 17 is illustrated
as being mounted laterally of the door opening for driv-
ing the door 10 between open and closed positions.

The door engine 17 is of the well known type as
shown in U.S. Pat. No. 1,849,516, wherein it includes
large and small cylinders 18 and 19 and an output shaft
20 driven by the cylinders. The output shaft is suitably
drivingly connected to the door 10, wherein it includes
a lever arm 21 connected at one end to the shaft 20 and
provided with a roller 22 at the other end engaging in
a vertical track 23 connected to the trailing edge of the
door 10. The position of the lever arm 21, as shown in
solid lines, disposes the door 19 in closed position rela-
tive the opening 13 and, as shown in dotted lines, where
the arm has oscillated counter-clockwise disposes the
door in open position relative to the door opening.

The invention concerns ‘the door leading edge en-
countering an obstruction during the closing cycle, so
that the door closing cycle can be reversed to prevent
injury to the obstruction or damage to the door operat-
ing system, especially where it may be a person, and
where reversing the closing cycle will allow the person
to move from the path of the -door before the door is
driven through another closing cycle. The obstruction
sensor of the invention is built into the controls for the
door engine such that there is no need to mount any de-
tector in the leading edge of the door.

The pneumatic piping circuit for the door engine 17
and applicable for the installation shown in FIG. 1 is il-
lustrated diagrammatically in FIG. 2, wherein a suitable
air supply or source 27 is directly connected to the
small cylinder 19 by a line 28. The large cylinder 18 is
connected through a line 29 to a three-way normally
open magnet valve 30, which is in turn connected
through a speed contro! valve 31 and line 32 to the air
supply 27. The closing speed of the engine may be ad-
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justed by the speed control-valve. A pressure switch .33
is connected to the line 29, thereby monitoring the
pressure in the large cylinder 18. The manner in which
the well known differential engine 17 operates is con-
ventional in that when the magnet valve 30, which in-

cludes a port 30a connected to the speed controlwalve; -

a port 30b connected to the line 29-and the large cylin-
der 18 and port 30c¢ connected to atmosphere, is'deen-
ergized as illustrated in FIG. 2, ports 30a and 30b are
connected to interconnect the air supply to the large
cylinder 18 which overcomes the force generated in the
small cylinder 19 to either cause a closing cycle if the
door had been in open position or to maintain the door
in closed position, as illustrated by the parts in solid
lines in FIG. 1. Energization of the magnet valve 30in-
terconnects the port 305 to port-30c¢ for exhausting the
air pressure from the large cylinder 18 whereirn the
force generated in the small cylinder 19 will-cause a
door opening cycle. During the closing cycle when the
magnet valve is de-energized, as illustrated in FIG. 2,
should the door encountér an obstruction sufficient to
cause the pressure in the large cylinder to rise above a
given point according to the'adjustment of the pressure
switch 33, the pressure switch 33-will be activated to
cause the reversing ¢ycle as will'be more“clear follow-
ing the description of the electrical diagram in FIG. 3.
While the pressure switch may be adjusted to activate
or trigger at any given level, it is preferably set to trig-
ger at about sixty percent of the lme pressure from the
arr supply.

Referring now to FIG: 3, an electrical schematic dia-

gram for controlling the magnet valve is illustrated
which includes a suitable power supply connected
across lines 37 and 38. The magnet valve 30 is con-
nected at oné end to line 38 and at the other énd to a
manually operable door control line 39, having a switch
40 which, when closed, will energize the magnet valve
and cause a door opening cycle and which, when
opened, will de-energize the magnet valve’ and cause a
door closing cycle.
. A reversing relay 41 is connected to cause energrza-
tion of the magnet valve 30 and reversal of the door
closing cycle in the event the pressure switch 33 is trig-
gered during a door closing cycle. The relay is. con-
nected at one end to the line 38 and at the other end
to the pressure switch line 42 having the pressure
switch 33 and a limit switch 43 therein. The limit switch
43 is suitably actuated by a cam (not shown) on the
output shaft of the door engine such that the . limit
switch is open, as illustrated when the doors are in
closed position, to prevent the pressure switch 33 with
its closed contacts from triggering the reversing relay,
as the pressure in the large cylinder will build up to line
pressure when the door is in closed position. During the
opening cycle of the door, when the pressure in the
large cylinder is exhausted to atmosphere, the pressure
switch will open and the limit switch 43 will be closed.
Accordingly, the limit switch 43 will be closed during
the closing cycle of the door until the door reaches fully
closed position when it will then open.

. The reversing relay 41 includes switch contacts 4la
and 41b. Contacts 41a are in a reversing line- 44, while
contacts 41b are in a “‘stick circuit’ line 45. Addition-
ally, limit switch 46 is in line 45:and operable, to open
when the door reaches fully open position or any par-
tial open position if desired.

3,916,567
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*Fhe contacts shown in FIG. 3:are illustrated in their
positionst when:=the door is fully closed. In operation,
normal opening and closing of the door is accom-
plished by actuation of the switch 40 for energizing the
magnet valve; 30 to cause an. opening cycle and de-

" energizing the magnet valve to cause a closing cycle.

10
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When the doors are in fully opened posmon and nor-
mally, during. the closing cycle, the lrmxt switch 43 will
be closed and the pressure switch contacts. will be open.
During the closmg cycle, the pressure in the large cylin-
der is less than line pressure and less than that which
would cause triggering of the pressure ‘switch due to the
pressure drop across the speed control valve. The limit
switch contacts 46 would be open at the full open posi-
tion or any partral open posltlon as desired. During the
closmg cycle when ‘the switch 40 is open, should an ob-
struction be encountered by the door thereby stopping
or, nearly ‘stopping thé door in the closing cycle, pres-
sure will build up in the large cylinder 18 and at the
given pressure value of the pressure swrtch 33 cause
trrggermg of the pressure swrtch to close the contacts
and energlze the reversmg relay 41 to reverse the clos-

~-ing cycle and cause the ‘door to move toward the open
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: posmon The forces produced at the door edge when

encouhtering an obstacle, therefore, have a controlled,
buildup 'and’ can’ easily be held to a safe maximum
valie. Also, the’ duratron of the peak force is onlya few
milliseconds’ smce ‘the reversal relay and ‘magnetic
valve 30 operate in milliseconds to é&xhaust the large
cylinder and open the door. It can be appreciated that
since charices of injury to passengers struck’ by ‘or
caughtin the door while exiting a vehicle is greatly min-
imized by the raprd decrease of door edge force. Ener-
gization of the ’reversmg relay energizes the magnet
valve 30 fo'exhaust the air from the large cylinder 18
whereby the pressure in the small cylindeér 19 will cause
the opening cycle. The contacts 41b close the'stick cir-
cuit line 45 so'that as the pressure switch releases and
opens its cofitacts in the opening cycle, the ‘Teversing
relay: will be ‘maintained 'in enérgized position to con-
tinue the opening cycle until the limit: switch 46 is
openéd. Thereafter, de-efiergization of the reversing
relay and the magnet. valve will again allow the door to
move to closed position. If the obstruction is then re-
moved from the path of the door, it will continue until
itiis in fully closed position. :

It will be appreciated the controls for sensing the ob-
struction, while described above ds applicable to a sin-
gle door engine for‘a single door, can also be -applied
to. biparting doors where each is driven by a door en-
gine. A piping diagram illustrating :the pneumatic cir-
cuit for such an arrangment is illustrated in FIG. 4
wherein door engines 50 and 51 have their small cylin-
ders connected directly-to-an air supply 52 and their
large cylinders connected to :the air supply through
flow.control valves 53-anid 54 and a three-way normally
open magnet valve.55. The flow control valves 5§3-and
54: are essentially the'same as the speed control valve
31 in'the embodiment of FIG. 2, while the magnet valve
55 is essentially-the same:as.that illustrated in the em-
bodiment-of FIG. 2. Pressure sensing switches 56 and
57 respectively monitor the pressure. in the large cylin-
ders of the door engines 50 and 51. The circuit of FIG.

3 would be modified by merely including another pres-

sure switch: line for the additional pressure switch and
which would be in parallel with the pressure switch line
42, A limit switch would also be provided in the addi- _
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tional pressure switch: line and it can be appreciated ’

that one of the pressure switch.lines would relate to the
pressure switch 56, while the other would relate to the
pressure switch 57. Further, it can be appreciated that
the door engines would operate together pursuant to
the operation of the single magnet valve 55 and should
one of the biparting doors sense an obstruction thereby
triggering one of the pressure switches, the reversing
relay would cause the magnet valve to reverse the clos-
ing cycle of both doors being driven by the door en-
gines 50 and 51. It can be appreciated that any number
of door engines may be included responding to a single
magnet valve and for obstruction sensing a pressure
switch would monitor the pressure in each of the large
cylinders of the door engines.

[t may be appreciated that adjustment of the pressure
switches will permit reversal of the door closing cycle
responsive to any given obstruction force. Preferably,
the switch is adjusted to close and reverse the door
closing cycle when the pressure in the large cylinder of
the engine is approximately sixty percent of available
line pressure. It may therefore be seen that the present
invention provides a foolproof and economical ar-
rangement for sensing door obstruction and reversing
the door closing cycle.

It will be understood that modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of the present invention, but it is
understood that this application is to be limited only by
the scope of the appended claims.

The invention is hereby claimed as follows:

1. In a system for operating a door between open and
closed positions and reversing a door closing cycle
upon sensing an obstruction at the door, a differential
pneumatic door engine having large and small cylinders
and an output shaft driven by the cylinders and driv-
ingly connected to the door, an air supply, means con-
necting the air supply directly to the small cylinder, an
electrically operable valve for selectively interconnect-
ing the large cylinder to the air supply to close the door
or to atmosphere to open the door, flow control means
between the air supply and the large cylinder, a nor-
maily open pressure switch monitoring the pressure in
the large cylinder and responding to an obstruction en-
countered by the door, a reversing cycle relay having
contacts for operating the valve to interconnect the
large cylinder to atmosphere, and said pressure switch
having contacts for operating said relay to close the
valve contacts and cause the valve to interconnect the
large cylinder to atmosphere for a door opening cycle,
wherein said pressure switch and said flow control
means coact with each other to respond to a predeter-
mined pressure in the large cylinder caused by an ob-
struction encountered by the door.

2. In a system as defined in claim 1, which further in-
cludes means for disabling the pressure switch when
the door is in closed position.

3. In a system as defined in claim 2, which further in-
cludes means for maintaining the relay conditioned to
hold the valve contacts closed until the door has
opened to a predetermined position.

4. In a system for operating a door between open and.

closed positions and reversing a door closing cycle
upon sensing an obstruction at the door, a differential
pneumatic door engine having large and small cylinders
and an output shaft drivingly connected to the door, an
air supply connected directly to the small cylinder, a
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two-position three-way normally open exhaust-type

magnet valve having a first port connected to the large

‘cylinder; a.second port connected to the air supply, and

a third port connected to atmosphere, wherein the
valve when de-energized interconnects said first and
second ports causing the engine to close the door and
when energized interconnects said first and third ports
causing the engine to open the door, a normally open
pressure switch connected to monitor the pressure of
said large cylinder, flow control means between said air
supply and said valve, a reversing cycle relay having
contacts for energizing the magnet valve, and said pres-
sure switch having contacts for energizing said relay
upon detecting a given pressure in the large cylinder
during the door closing cycle, wherein said pressure
switch and said flow control means coact with each
other to respond to a predetermined pressure in the
large cylinder caused by an obstruction encountered by
the door.

5. In a system for driving a door between open and
closed positions having a differential pneumatic door
engine, an air supply for driving said engine, said en-
gine having an output shaft and large and small cylin-
ders driving said shaft, and means drivingly connecting
the outputshaft to the door, the improvement being in
control means for said engine which senses a door ob-
struction and reverses the door closing cycle, said con-
trol means including means connecting the small cylin-
der directly to the air supply, a three-way magnet valve
connected between the air supply and large cylinder
interconnecting the large cylinder to the air supply
when de-energized to cause a door closing cycle and to
the atmosphere when energized to cause a door open-
ing cycle, a reversing cycle relay having normally open
contacts which close upon energization thereof to
cause energization of the magnet valve, a pressure sens-
ing switch monitoring the pressure in the large cylinder
having contacts which close in response to a given pres-
sure to cause energization of the reversing relay, and
flow control means between the air supply and the
large cylinder, wherein said pressure switch and said
flow control means coact with each other to respond to
a predetermined pressure in the large cylinder caused
by an obstruction encountered by the door.

6. In a system as defined in claim §, wherein said con-
trol means further includes a limit switch in series with
the contacts of the pressure sensing switch, and means
for opening the limit switch when the door reaches fully
closed position.

7. In a system as defined in claim 6, wherein said con-
trol means further includes a ‘“stick circuit” having
contacts which close upon the energization of the re-
versing relay and a normally closed limit switch and
means for opening same during the door opening cycle
to de-energize the reversing relay and cause a door
closing cycle.

8. In a system as defined in claim 7, wherein the pres-
sure sensing switch is set to operate and close its
contacts in response to detection of about sixty percent
line pressure. i

9. In a system for driving a door between open and
closed positions having a differential pneumatic door
engine, an air supply for driving said engine, said en-
gine having an output shaft and large and small cylin-
ders driving said shaft, and means drivingly connecting
the output shaft to the door, the improvement being in
control means for said engine which senses a door ob-
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struction. limits the door edge force in accordance with

the resistance of the obstruction before the large cylin-
der develops maximum force and reverses the door
closing cycle, said control means including orifice
means between said air supply and said large cylinder,
valve means for selectively interconnecting the large
cylinder to the air supply to close the door or to atmo-
sphere to open the door, and a pressure responsive
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8

means mbnitoring the pressure in the large cylinder for
controlling operation of said valve means, whereby said
pressure responsive means and said orifice means coact
with each other to respond to a predetermined pressure
in the large cylinder caused by an obstruction encoun-
tered by the door.



