EP 1 258 591 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
20.11.2002 Bulletin 2002/47

(21) Application number: 02291153.1

(22) Date of filing: 07.05.2002

(11) EP 1 258 591 A1

EUROPEAN PATENT APPLICATION

(51) Intcl.”. EOSF 15/12, EO5F 15/10

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 07.05.2001 US 289219 P
(71) Applicant: Westinghouse Air Brake Technologies

Corporation
Wilmerding, PA 15148 (US)

(72) Inventor: Pagowski, Stefan
Glen Ellyn, lllinois 60137 (US)

(74) Representative: Le Bras, Hervé et al
Cabinet Beau de Loménie,
158, rue de I’Université
75340 Paris Cedex 07 (FR)

(54) Electric door operator

(57)  An electric door operator is provided for con-
trolling the opening and closing of a door pivotally
mounted to a door frame of a multi-passenger mass
transit vehicle. The electric door operator comprises a
pinion and an energy source for rotating or driving this
pinion in opposite directions through opening and clos-
ing cycles of the door. A gear sector is also provided
which is mounted for rotation in an opposite direction
from the pinion. The gear sector is engageable with the

pinion and capable of being driven by the pinion such
that it rotates in one of an opening and closing direction
upon rotation of the pinion. A shaft member having a
first and second end is provided. The first end of the
shaft member is secured to the gear sector and the sec-
ond end of the shaft member is engageable with one of
a base plate and a wall portion of the vehicle. A push
bar is suspended from the gear sector for one of opening
and closing the door upon rotation of the gear sector in
one of the opening and closing directions.
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Description
Field of the Invention

[0001] This invention relates generally to power oper-
ators for multi-passenger mass transit vehicles, more
particularly to an electrically driven rotary door operator
for opening and closing dual leaf swing doors such as
used in multiple passenger vehicles including airport
utility transports, school, and small transit buses.

Background of the Invention

[0002] Prior to the use of power operated door open-
ers, doors of mass transit vehicles were manually
opened and closed, typically by the vehicle operator.
The strain of actuating these door openings and clos-
ings often led to long term medical difficulties for the ve-
hicle operators. The need for power operated door
openers led to the development of largely pneumatically
actuated operators since in most large vehicles, use of
air brake systems provides a reliable and convenient
source of operating air at controlled pressures. U.S. Pat-
ent Numbers 4,490,941 and 4,134,231 show examples
of pneumatic powered door operators. However, these
types of vehicles typically incorporate hydraulic brake
systems. Therefore, no air supply is available, and hy-
draulic door drives are high in cost and involve exces-
sive maintenance in order to prevent leaks and loss of
brake system integrity. A growing need for a reliable low
cost electric bus door operator now exists.

[0003] A power door operator for multi-passenger
mass transit vehicles is disclosed in U.S. Patent Number
5,332,279, the specification of which is hereby incorpo-
rated by reference. This type of prior art system incor-
porates an electrically driven gear motor operating drive
arms rotating approximately 160° in order to open and
close a dual panel swing door set. A gear motor drive
shaft operating through a sleeve clutch operates indi-
vidually adjustable length drive arms of a drive bar in
order to effect approximately 90° rotation of each door
from open to closed and closed to open. The operating
door shafts located at the outer edges of each panel
have door arms affixed thereto for connection to the
above-mentioned reciprocating drive arms through door
drive rods. Each door drive rod end is interfaced be-
tween its respective drive arm and door arm with a
spherical rod end.

Summary of the Invention

[0004] The presentinvention is directed to an electric
rotary door operator for controlling the opening and clos-
ing of a door pivotally mounted to a door frame of a multi-
passenger mass transit vehicle. The electric door oper-
ator comprises a pinion and a means for rotating or driv-
ing this pinion in opposite directions through opening
and closing cycles of the door. A gear sector is also pro-
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vided which is mounted for rotation in an opposite direc-
tion from the pinion. The gear sector is engageable with
the pinion and capable of being driven by the pinion such
that it rotates in one of an opening and closing direction
upon rotation of the pinion. A shaft member having a
first and second end is provided. The first end of the
shaft member is secured to the gear sector and the sec-
ond end of the shaft member is engageable with one of
a base plate and a wall portion of the vehicle. A push
bar is suspended from the gear sector for one of opening
and closing the door upon rotation of the gear sector in
one of the opening and closing directions.

Objects of the Invention

[0005] Itis a primary object of the invention to provide
an electric rotary door operator for opening and closing
at least one door of a mass transit vehicle.

[0006] It is another object of the invention to design
an operator which may be fully removed from the vehicle
to facilitate maintenance and/or replacement thereof.
[0007] It is another object of the invention to provide
an electric rotary door operator which requires minimal
maintenance and is economically produced.

[0008] Itis yet another object of the invention to pro-
duce an electric door operator which is capable of car-
rying a much higher force than in existing models with-
out the necessity of mechanical force balancing via us-
ing two pushing bars acting in opposite directions.
[0009] It is still another object of the invention to pro-
vide an electric door operator which has a stiffer struc-
ture which is necessary for proper meshing between the
driving pinion and the driven sector.

[0010] Itis further object of the invention to provide an
electric door operator which is slimmer than existing
pneumatic door operators.

[0011] Inadditiontothe objects and advantages listed
above, various other objects and advantages of the
latch door operator disclosed herein will become more
readily apparent to persons skilled in the relevant art
from a reading of the detailed description section of this
document.

Brief Description of the Drawings
[0012]

Figure 1 shows a perspective view of the electric
door operator of the invention.

Figure 2 shows a cross-sectional side view of the
electric door operator of the invention.

Figures 3-5 show the electric door operator system
of the invention mounted on a door frame.

Figures 6-10 show the electric door operator sys-
tem from several different angles showing the var-
ious components involved in the mechanism.
Figure 11 shows a top view of the gear sector.
Figure 12 shows an exploded partial side view of
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the connecting rod secured to the gear sector as
shown in Figure 10.

Figure 13 shows a front view of the electric door op-
erator of the invention.

Figures 14A-14C show the electric door operator of
the invention mounted above a door of a vehicle in
sequential stages of the door opening operation.

Detailed Description of the Invention

[0013] The following background information is pro-
vided to assist the reader to understand the environment
in which the invention will typically be used. The terms
used herein are not intended to be limited to any partic-
ular narrow interpretation unless specifically stated oth-
erwise in this document.

[0014] Referring now to Figures 1-2, 13 and 14A-14C,
there is shown the electric door operator, generally in-
dicated as 10, for controlling the opening and closing of
a door, 12 pivotally mounted to a door frame 14 of a mul-
ti-passenger mass transit vehicle. The inventive door
operator comprises a pinion 16 and a means, such as
a gear motor, 18 for rotating or driving this pinion 16 in
opposite directions through opening and closing cycles
of the door 12. A gear sector 20 is also provided which
is mounted for rotation in an opposite direction from the
pinion 16. The gear sector 20 is engageable with the
pinion 16 and capable of being driven by the pinion 16
such that it rotates in one of an opening and closing di-
rection upon rotation of the pinion 16. A shaft member
18 having a first 24 and second 26 end is provided. The
first end 24 of the shaft member 22 is secured to the
gear sector 20 and the second end 26 of the shaft mem-
ber 22 is engageable with one of a base plate 28 and/
or a wall portion 30 of the vehicle. The base plate 28
may be a separate plate member of which the shaft
member 22 is engageable with and which is conse-
quently secured to the wall 20 of the vehicle. Alterna-
tively, the shaft member 22 may be engageable directly
with the wall 30 of the vehicle. A push bar 32 is suspend-
ed from the gear sector 20 for one of opening and clos-
ing the door 12 upon rotation of the gear sector 20 in
one of the opening and closing directions.

[0015] The leverage of the mechanism and the ratio
between the pinion 16 and gear sector 20 allows the use
of maximum torque and maximum current within the
gear motor 18 as a signal switching of the driving motor
[0016] In an emergency situation and/or in the case
of electrical failure, the pinion 16 is capable of being dis-
engaged from the gear sector 20 to enable manual
opening of the door 12. Disengagement of the pinion
can be achieved by means of a handle 34, as shown in
Figure 13. The Figure shows this handle 34 being ca-
pable of moving the pinion in a vertical direction. How-
ever, the door operator may be modified so that the han-
dle 34 is capable of moving the pinion in a horizontal
direction to achieve disengagement of the pinion 16
from the gear motor 18.
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[0017] A support plate 36 is mounted between the
gear sector 20 and one of the base plate 28 and the wall
portion 30 of the vehicle. Screws/nuts 37 are also pro-
vided along the perimeter of the support plate 36 for se-
curing the support plate 36 to the base plate 28 and/or
the vehicle wall 30. The support 36 is formed as an in-
tegral part, such as from one piece of a sheet metal,
such that a flat portion 38 is close to the pinion 16 and
another flat portion 40 supports the shaft member 22
such that under the gear sector 20 there is created a
space having a predetermined size for the positioning
of the push bar 32 therein.

[0018] The shaft member 22 is rigidly secured, as
generally indicated by 35 in Figure 2, to the support plate
36. Any well known means can be used for securing the
shaft member 22 to the support plate 36 such as weld-
ing, brazing, and the like.

[0019] A connecting means, such as a screw 42, is
provided which extends through the shaft member 22 to
threadedly engage one of the base plate 18 and/or wall
portion of the vehicle 20. Consequently, the second end
26 of the shaft member 22 is threadedly engageable as
shown at 43 with one of the base plate 28 and/or the
wall portion 30 of the vehicle. This threaded engage-
ment by the shaft member 22 enables complete removal
of the door operator from the vehicle for maintenance
and/or replacement. A nut 64 is provided at the bottom
of the base 28, 30 for attachment to the screw 42 ex-
tending out there from.

[0020] This particular design wherein the shaft mem-
ber 22 of the gear sector 20 is rigidly connected to the
support plate 36 and is threadedly connected to the
base plate 28 and/or vehicle wall 30 allows for bending
action from the shaft member 22 to be transferred into
two shearing forces within the base plate 28,30 and the
support plate 36. This particular design also reinforces
the support of the door opening and vice-versa, resulting
in a much stiffer system which is capable of carrying high
forces along the push bar 32 without high stresses/fa-
tigue and strains in the support plate 36 or the base plate
28,30.

[0021] Figure 12 shows an exploded partial side view
of the push bar 32 secured to the gear sector 20 as
shown in Figure 10. The push bar 32 is secured to the
gear sector 20 by means of a pin 48. Bearings and bush-
ings 49 are also provided as needed. The push bar 32
has a first end 50 which is suspended from the gear sec-
tor 20 and a second end 52 which is connected to brack-
ets 54 mounted on the door frame 14, see Figures 14A-
14C. A connecting means 56 is secured to a second
door 58 for one of opening and closing this second 58
door upon movement of the push bar 32. This connec-
tion means 56 can comprise any well known means
such as a rod, cable, and the like.

[0022] The push bar 32 is suspended from the gear
sector 20 as close as possible in order to minimize bend-
ing action within the shaft member 22 supporting the
gear sector 20.



5 EP 1 258 591 A1 6

[0023] Figure 11 shows a top view of the gear sector
20 wherein a stop member 44 is provided for halting the
motion of the gear sector 20. This prevents movement
of the push bar 32 over a "dead line". This stop means
44 cooperates with at least one limit switch 60, as shown
in Figure 13, for transmitting a signal to the gear motor
18. A second limit switch 62 may also be provided to
transmit a signal to the gear motor 18. The limit switches
send signals to the gear motor 18 that the opening and/
or closing operation of the door 12 is complete and that
the direction of the motor should be changed so that the
pinion 16 rotates in an opposite direction.

[0024] Figures 3-5show the operator system 10 of the
invention mounted on a door system. As illustrated in
Figure 4, in order to make it possible to open the door
12 by pushing its panel, eccentric "e" has to be positive.
If not, then the emergency release would be useless.
[0025] Figures 6-10 show the operator system from
several different angles showing the various compo-
nents involved in the mechanism. Figure 7 shows a
spring 66, an actuator 68, and a nut handle 70 which
cooperate with handle 34. A collar is also shown at 72.
[0026] With respect to the electrical aspects of the in-
ventive operator 10, when the motor is started, the full
voltage is switched on. This results in a high current oc-
curring before the door starts moving. A thermal protec-
tion is provided to help the control system to distinguish
between a high motor current at the start of the stroke
of the door and a high motor current at the end of the
stroke. During the start time, the spike time is on the
range of a couple of milliseconds, at the end of the mo-
tion, the time is in the range of hundreds of milliseconds
which causes a heating effect which is capable of ener-
gizing a bi-metal switch.

[0027] It is noted that the Figures show the door op-
erator in connection with a pair of pivotally mounted
swing doors. However, one having ordinary skill in the
art would recognize that the door operator of the inven-
tion may be used to open a single plug door.

[0028] The invention has been described in such full,
clear, concise and exact terms so as to enable any per-
son skilled in the art to which it pertains to make and use
the same. It should be understood that variations, mod-
ifications, equivalents and substitutions for components
of the specifically described embodiments of the inven-
tion may be made by those skilled in the art without de-
parting from the spirit and scope of the invention as set
forth in the appended claims. Persons who possess
such skill will also recognize that the foregoing descrip-
tion is merely illustrative and not intended to limit any of
the ensuing claims to any particular narrow interpreta-
tion.

Claims

1. An electric door operator for controlling the opening
and closing of a door pivotally mounted to a door
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frame of a multi-passenger mass transit vehicle,
said electric door operator comprising:

(a) a pinion;

(b) a means for rotating said pinion in opposite
directions through opening and closing cycles
of such door;

(c) a gear sector mounted for rotation in an op-
posite direction from said pinion, said gear sec-
tor being engageable with said pinion and ca-
pable of rotating in one of an opening and clos-
ing direction upon rotation of said pinion;

(d) a shaft member having a first and second
end, said first end of said shaft member se-
cured to said gear sector and said second end
of said shaft member being engageable with
one of a base plate and a wall portion of such
vehicle; and

(e) a push bar suspended from said gear sector
for one of opening and closing a door upon ro-
tation of said gear sector in one of said opening
and closing directions.

An electric door operator as recited in claim 1
wherein said pinion is capable of being disengaged
from said gear sector to enable manual opening of
such door.

An electric door operator as recited in claim 2 further
including a handle for moving said pinion in one of
a vertical and horizontal direction for disengage-
ment of said pinion with said gear sector.

An electric door operator as recited in claim 1
wherein said second end of said shaft member is
threadedly engageable with one of said base plate
and such wall portion of such vehicle.

An electric door operator as recited in claim 1 further
including a support plate mounted between said
gear sector and said one of said base plate and
such wall portion of such vehicle.

An electric door operator as recited in claim 5
wherein said shaft member is rigidly secured to said
support plate.

An electric door operator as recited in claim 6 in-
cluding a screw member extending through said
shaft member to threadedly engage one of said
base plate and such wall portion of such vehicle.

An electric door operator as recited in claim 5
wherein a space having a predetermined size is
provided between said gear sector and said support
plate.

An electric door operator as recited in claim 8
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wherein said push bar is positioned within said
space.

An electric door operator as recited in claim 1 further
including a stop member for limiting the rotation of
said gear sector.

An electric door operator as recited in claim 1
wherein said means for rotating said pinion com-
prises a gear motor.

An electric door operator as recited in claim 11 fur-
ther including at least one limit switch for transmit-
ting a signal to said gear motor.

An electric door operator as recited in claim 1
wherein said push bar has a first end which is sus-
pended from said gear sector and a second end
which is connected to brackets mounted on such
door frame.

An electric door operator as recited in claim 13 fur-
therincluding a connecting means secured to a sec-
ond door for one of opening and closing such sec-
ond door upon movement of said push bar.

An electric door operator as recited in claim 14
wherein said connecting means comprises one of
arod and a cable.
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