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(57) Abstract: A multi-part drive shaft for a transit vehicle
door comprises an upper drive shaft connected to a door
operating mechanism and having a door panel operating arm
extending therefrom, a lower drive shaft journaled for rotation,
a door panel operating arm extending therefrom and a flexible
drive shaft secured at one end to the upper drive shaft and at
the other end to the lower drive shaft. Rotation of the upper
drive shaft will transfer torque to the lower drive shaft at the
same angular speed.
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DRIVE FOR TRANSIT DOOR

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] This invention relates to the operation of transit doors.
Description of Related Art
[0002] There are several conventional approaches to vehicular door systems (of the type
typically used in bus or rail mass-transit systems). Commonly used approaches include the
following.
[0003]) Swing doors: These are simple double panel doors which swing outward.

[0004] . Slide-glide doors: Alternatively known as “inward retracting™ doors, slide-guide

doors have a mechanism that rotates the double door panels outward (similarly to the “swing
doors”) but simultaneously retract the door panels into the vehicle. The ideal result is that the
door panels are seated flat against the entryway perimeter but with the interior surface of the
doors exposed rather than the outside surface (allowing handrails and other “interior”
hardware to be accessible when the vehicle is stopped and the doors are in the open position,
but not exposed on the exterior of the vehicle when the vehicle is in operation).

[0005] In each type of door, along each vertical door frame is positioned driven door shafts
which through various linkages drive the opening and closing of the adjacent door panels. A
number of transit buses have a significant curve back at the top of the front end of the bus
such that the upper end of the forward most door panel must also be curved back. In the past,
in order to accommodate the curve back of the door, the driven door shaft is comprised of
two offset vertical drive shafts 20, 21 joined by an intermediate shaft 23 that has universal
joints 24, 25 at each end as shown in Fig. 1. The intermediate shaft 23 has a sliding spline 26
on one end that interfaces a complementary spline on one of the universal joints. This allows
the two universal joints to be installed at various distances from each other, thereby
accounting for the production tolerances present in the frame of the bus. Arms 27 fixed to the
drive shafts 20 operate the door panels to open and close.

[0006] There are also situations wherein rectangular doors have two coaxial drive shafts
due to the configuration of the walls adjacent the door and/or obstructions between the upper
and lower shafts.

[0007] Referring to Fig. 2, a rotary actuator 30 drives connecting rods 31, 32 which drive

door shaft levers 33, 34 to open and close the doors.
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[0008] Unfortunately, each universal joint and the spline connection are sources of backlash
which must be accounted for in the design of the door. Moreover, each of these elements must be

periodically lubricated.

SUMMARY OF THE INVENTION
[0008a] According to an aspect of the present invention, there is provided a multi-part drive
shaft for a transit vehicle door including:
an upper substantially vertical drive shaft journaled for rotation and being connected
to a door operating mechanism and having a door panel operating arm extending therefrom;
a lower substantially vertical drive shaft being journaled for rotation, offset from the

upper drive shaft and having a door panel operating arm extending therefrom; and

a flexible drive shaft secured at one end to the upper drive shaft and at the other end to

the lower drive shaft,

whereby rotation of the upper drive shaft will transfer torque to the lower drive shaft
at the same angular speed.
[0009] It is an advantage, according to this invention, to provide a drive for a curved back
transit vehicle door opening having offset shafts and rectangular doors having coaxial drive shafts.
The offset or coaxial drive shafts are not joined by an intermediate shaft and two universal joints.
According to one embodiment of this invention, a multi-part drive shaft for a transit bus door
comprises an upper drive shaft journaled for rotation and being connected to a door operator
mechanism and having a door panel operating arm extending therefrom, a lower drive shaft being

journaled for rotation and having a door panel operating arm extending therefrom. A flexible drive

shaft is secured at one end to the upper drive shaft for rotation with the drive shaft and at the other end

similarly secured to an output fitting arranged to be clamped and keyed onto the lower drive shaft.
Rotation of the upper drive shaft will transfer torque to the lower drive shaft at the same angular
speed. Preferably, one or both ends of the flexible drive shaft are releasably secured to the adjacent

drive shafts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Further features and other objects and advantages will become apparent from the
following detailed description made with reference to the drawings in which:

[0011] Fig. | is a view of a prior art transit bus door having two slide-glide door panels;
[0012] Fig. 2 is a perspective view of an operator and connectors for opening and closing a
prior art door shown in Fig. 1 ;

[0013] Fig. 3 is a perspective view illustrating one embodiment of this invention; and




07 Nov 2012

2008317292

[0014] Fig. 4 is an inside elevation view of a transit bus door according to one embodiment

of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0015] Typical applications for entryway systems assume a rectangular door opening shape.
However, there are special conditions which require more customized door shapes. As an example,
some transit buses have significant curvature at the front of the bus, adjacent to the location of the
entryway door.
[0016] It is desirable for any inwardly-retracting door system, such as a slide-glide system, to

conform as closely as possible to the available entryway opening to maximize the clear
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opening available for passenger ingress/egress. In such a situation, the door may be
essentially vertical in the closed position, but may, for example, need to tilt inward at the top
by a number of degrees when the door is open in order to best fit the available opening.
[0017] Referring now to Figs. 1 and 2, a slide-glide door is shown at the front of a transit
bus that is curved back near the roof of the bus. The door comprises two panels 10, 11 that
can move independently of each other although they are normally actuated at the same time.
The panels fit within the door opening defined by the frame surrounding the door opening.
[0018] The panels illustrated in Figs. 1 and 2 are typical having two opposed lateral edges
16L, 171, 16R and 17R. Note that while lateral edges may be parallel to each other, it is not
uncommon for one lateral edge to have portions that are not parallel to the opposed edge as
shown for edge 16L. This is to accommodate the curvature of the front end of the bus. The
invention disclosed herein enables the use of slide-glide door panels where a lateral edge is
not straight but curves into the door opening at the top. In such a case, as the door panel
rotates and retracts inward, it must tilt into the door opening so as not to conflict with the
curvature of the door frame. The doors also have opposed end edges.

[0019] For slide-glide doors, an essential mechanical feature is the vertical drive shaft
alongside the outer edge of the door panel and the door jamb. The drive shafts 20 have a
lever secured at the top end that, via connecting rods, is connected to a rotary actuator in a
manner well known in the art. Rotation of the drive shaft causes the opening and closing of
the door panels, usually through operating arms that swing upon rotation of the drive shaft.
[0020]) Referring to Fig. 3, this invention relates to operation of transit doors wherein an
upper and lower drive shaft is offset or separated but coaxial. According to a preferred
embodiment of this invention, the upper solid rod drive shaft 40 and lower solid rod drive
shaft 41 are connected by a flexible core shaft 42 crimped at an upper end into the upper
drive shaft. The lower end of the flexible core shaft is crimped into an output fitting 43.
[0021] Typically, the flexible core shaft 42 comprises a plurality of coils of closely
wrapped wire; the first core member being wrapped on a central mandrel core, and then
additional layers are wrapped on one another in alternately opposite helical directions to a
desired diameter enabling the transmitting of torque in either direction. A flexible outer tube
protects the coils but plays little, if any, role in transmitting torque.

[0022] The flexible core shaft 42 is permanently crimped on to the upper drive shaft 40
with a tubular structure that transfers torque between the upper drive shaft and the plurality of
coils comprising the flexible core shaft 42. The lower end of the flexible core shaft 42 is

likewise crimped to the output fitting 43. The output fitting 43 is releasably attached to the
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lower drive shaft 41. The output fitting has a keyway for the purpose of relative shaft alignment
between upper and lower drive shafis.

[0023] The upper drive shaft 40 is held in position by a bearing block (not shown) and is only
allowed to rotate. The upper drive shaft 40 is turned by a door operating system of the type well
known in the art, thereby turning the flexible core shaft 42. Torque is transferred through the flexible
core shaft to the output fitting 43, so the output fitting rotates with the same angular displacement and
angular velocity as the upper drive shaft. When the drive shafts rotate, they cause operating arms 45
connected at the top and bottom ends of the drive shafts to move the door panels between open and
closed positions. The operating arms are shown in Fig. 4. The straps 45' securing the lower operating
arms are also shown in Fig. 4.

[0024] The above-described embodiment of this invention has the following advantages over
the prior art system comprising two universal joints. There are fewer parts. The installation is
simplified. There is less backlash from the driving shaft to the driven shaft. The flexible shaft's
flexibility replaces the sliding spline connection used with the universal joints. The universal joint's
output speed varies sinusoidally with the input speed. This is a source of vibration. The flexible shaft's
speed, on the other hand, stays linear in relation to the input speed. Universal joints require lubrication
which means periodic maintenance. A flexible drive shaft requires no lubrication.

[0025] It will be understood that the term “comprise” and any of its derivatives (eg.
comprises, comprising) as used in this specification is to be taken to be inclusive of features to which
it refers, and is not meant to exclude the presence of any additional features unless otherwise stated or
implied.

[0026] The reference to any prior art in this specification is not, and should not be taken as,
an acknowledgement of any form of suggestion that such prior art forms part of the common general
knowledge.

[0027] It will be appreciated by those skilled in the art that the invention is not restricted in its
use to the particular application described. Neither is the present invention restricted in its preferred
embodiment with regard to the particular elements and/or features described or depicted herein. It will
be appreciated that various modifications can be made without departing from the principles of the

invention. Therefore, the invention should be understood to include all such modifications in its scope.
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CLAIMS:

1. A multi-part drive shaft for a transit vehicle door including:

an upper substantially vertical drive shaft journaled for rotation and being connected to a door
operating mechanism and having a door panel operating arm extending therefrom;

a lower substantially vertical drive shaft being journaled for rotation, offset from the upper
drive shaft and having a door panel operating arm extending therefrom; and

a flexible drive shaft secured at one end to the upper drive shaft and at the other end to the
lower drive shaft,

whereby rotation of the upper drive shaft will transfer torque to the lower drive shaft at the

same angular speed.

2. The multi-part drive shaft according to claim 1, wherein the flexible drive shaft is releasably

secured to at least one of the upper and lower drive shafts.

3. The multi-part drive shaft according to claim 1, wherein the flexible drive shaft includes of a

plurality of closely wrapped helical coils wrapped in opposite directions.

4, The multi-part drive shaft according to claim 1, wherein the flexible drive shaft is permanently
crimped to the upper drive shaft and permanently crimped to an output fitting arranged to be clamped

and keyed to the lower drive shaft.

S. A multi-pant drive shaft substantially as herein described with reference to the accompanying

drawings.




WO 2009/055107 PCT/US2008/071013

1/4

3
|
el ]e 16R
S | B e ]
7 N <27
R T 5 5 6 5|
| . 0

FIG.1

PRIOR ART



PCT/US2008/071013

WO 2009/055107

2/4

30

34

37

i

—

FliG.2
PRIOR ART



PCT/US08/71013 22-01-2009 PCT/US2008/071013 24.09.2010

Replacement Sheet

3/4
45
T
40 =] U .
o |
.y
[
//
Lol | gl
Y3~ St— | i
N /
G s "vu - -

FIG.3

AMENDED SHEET - IPEA/US



WO 2009/055107 PCT/US2008/071013

L{"‘;f = ’ . . e ._L/l/lflal
I &

FiG.4



