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ABSTRACT

A valve device and method are provided that are operative to selectively divert
the flow of air within a pneumatic carrier within a pneumatic carrier system.
Generally, the device includes a pneumatic tube that 1s sized to permit the passage ot
pneumatic carriers. The pneumatic tube includes at least aperture in a sidewall of the
pneumatic tube, an outer sleeve, and an actuator. The actuator acts on the outer sleeve
to block and open the aperture to fluid flow in order to divert air in the pneumatic
system. In one embodiment, the valve 1s disposed 1n a pneumatic system 1in

conjunction with a pneumatic carrier handling device.
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AIR VALVE FOR PNEUMATIC TUBE CARRIER SYSTEM

FIELD OF INVENTION
The presented inventions relate generally to the field of pneumatic tube carrier
systems. More particularly, the presented inventions relate to systems and methods

for diverting air to and/or from pneumatic tubes that transport pneumatic carriers.

BACKGROUND

Pneumatic tube carrier systems are a well-known means for the automated
transport of materials between, for example, an origination location to any one of a
plurality of destination locations. A typical system includes a number of pneumatic
tubes interconnected in a network to transport carriers between a number of user
stations. Various blowers and transfer units provide the force and path control means,
respectively, for moving the carriers through and from tube-to-tube within the system.
Transfer units allow pneumatic carries to be moved from a first pneumatic tube to a
second pneumatic tube in order to route the pneumatic carrier between locations, or
stations, in the system/network.

The pneumatic tubes that connect the various system components may be
arranged in any manner that allows the carriers to be transferred between various
stations. These pneumatic tubes transmit air pressure or vacuum from the various
blowers to effectuate the movement of carriers through the system. If a carrier is
brought to a stop in the system to await transport through a subsequent portion of the

system, the stationary carrier may prevent operation of downstream system
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components.  Accordingly, while the carrier is stopped, it may be desirable or

necessary to route airflow around the carrier.

SUMMARY

One problem associated with diverting air out of a pneumatic tube, around a
blockage, (e.g., through a bypass duct) and back into the pneumatic tube 1s the
resulting air pressure drop that can compromise the operation of downstream system
components. To avoid this problem, pneumatic systems have previously placed
system components that may periodically impede airflow at the boundaries of airtlow
zones of the system. In such an arrangement, airflow on a first side of the system
component is provided by a first prime mover (e.g., blower, compressor, €tc) and
airflow on a second side of the system component is provided by a second prime
mover. That is, rather than diverting around the system component, separate blowers
are utilized to provide separate airflow streams. While avoiding the pressure drop
issue, this arrangement limits the configuration of the pneumatic system and/or
complicates the configuration of the system.

The present inventors have recognized that effective air tflow diversion 1n
pneumatic tube systems has previously been limited by diversion port and/or valve
sizing constraints. That is, previous diversion ports and/or valves that divert airtlow
out of or into pneumatic tubes have not provided flow paths of sufficient size to divert
air around an occupied system component (e.g., blockage). The inventors have
recognized that one drawback of prior devices is the inability to create a large enough
opening in a pneumatic tube sidewall to effectively divert airflow carried by the main
bore of the pneumatic tube without affecting passage of a pneumatic carrier through
the pneumatic tube.

In order to provide a valve that allows for effectively diverting most or all of
the typically high volume low pressure airflow out of a pneumatic tube and/or back
into that pneumatic tube with minimal airflow constriction/pressure loss, the present
inventors have developed novel systems and methods (i.e., utilities) that allow for
diverting more airflow into or out of a pneumatic tube without affecting passage of a
carrier through the tube. The utilities in one aspect are directed towards a valve that

utilizes a sleeve-in-sleeve valve arrangement that allows for increasing the cross-
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sectional area of a flow path through the diversion path of the valve without affecting
passage of a pneumatic carrier through the valve. Typically, such a valve utilizes a
pneumatic tube section having multiple fluid flow ports that are separated by
sufficient structure to support a carrier as it passes through.

According to a first aspect, the utility comprises a valve for a pneumatic tube
carrier system including a pneumatic tube having an internal bore extending between
a tube 1nlet a tube outlet where the internal bore has an internal diameter that is sized
to accommodate the passage of a pneumatic carrier. A sidewall of the pneumatic tube
includes a first plurality of apertures that extend through the sidewall. An outer
sleeve 1s disposed adjacent to an outside surface of the pneumatic tube such that the
outer sleeve circumferentially surrounds at least a portion of the pneurnatic tube (e.g.,
inner sleeve). An actuator i1s operative to selectively move the outer sleeve with
respect to the pneumatic tube from a first Open position to a second closed position.
When the outer sleeve 1s in the open position the outer sleeve allows for fluid passage
through the first plurality of apertures. When the outer sleeve 1s in the closed position
the outer sleeve limits or prevents fluid passage through the first plurality of apertures.

In one arrangement, the cross-sectional areca of the plurality of apertures
through the sidewalls of the inner and/or outer sleeves are sized in relation to the
cross-sectional area of the bore of the inner sleeve member. That is, the apertures
may be sized to accommodate the entire fluid flow passing through a pneumatic tube.
In one arrangement, the cross-sectional area of the plurality of apertures 1s at least
fifty percent or at least seventy percent of the cross-sectional area of the pneumatic
tube to which the valve may be interconnected. Accordingly, airflow may be diverted
out of the valve with reduced pressure losses.

In one arrangement, the outer sleeve 1s an arcuate member that partially
surrounds the inner sleeve. In another arrangement, the outer sleeve is a tubular
member that circumterentially surrounds the inner sleeve. In one arrangement the
outer sleeve has a solid sidewall and 1s adapted to move between open and closed
position where the outer sleeve overlays the plurality of apertures through the inner
sleeve 1n the closed position. In another arrangement, the outer sleeve includes a
plurality of apertures that may be aligned and misaligned with the apertures in the

inner sleeve.
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As noted, the actuator 1s operative to move th‘e outer sleeve relative to the
inner sleeve. Such movement may be axial movement (e.g., aligned with the central
axis of the inner sleeve) or radial movement where the outer sleeve rotates around the
inner sleeve.

The size and location of the apertures extending through the inner sleeve may
be sized to permit passage of a pneumatic carrier through the internal bore of the
pneumatic tube. That is, these apertures may be sized to reduce the likelihood that
wear bands on the carrier will engage the edge surfaces of the apertures. In this
regard, the arc length of the apertures is typically less than about 1.75 radians. That
is, the included angle of any aperture as measured from the center line of the bore of
the pneumatic tube is typically less than about 100 degrees and more preferably less
than about 70 degrees. In one arrangement, a plurality of the elongated apertures are
disposed adjacent to one another and may be evenly spaced around the circumference
of the inner sleeve. The portion of the sidewall of the inner sleeve through which the
apertures are formed and or the individual apertures themselves may have a length
that is less than about twice the diameter of the pneumatic tube and more preferably
less than about 1.5 times the diameter of the pneumatic tube.

A second aspect of the present invention includes a pass-through air valve for
use in a pneumatic carrier system. The utility includes a tube having an internal bore
extending between an inlet and an outlet. The internal bore of the tube has an inside
diameter sized to accommodate passage of a pneumatic carrier. At least first and
second apertures extend through a sidewall of the tube, where a combined area of
those apertures is at least half of the cross-sectional area of the internal bore. An
arcuate member 1s conformally positioned around at least a portion of an outside
surface of the tube. An actuator is operative to move the arcuate member between

open and closed positions, where the arcuate member covers the apertures in the

closed position.
Another aspect is directed towards an airflow by-pass or diversion system for

use in a pneumatic carrier system, which allows for diverting airflow around a

blockage within a pneumatic tube and/or around a system component. The system
includes a first ported pneumatic tube having an internal bore sized accommodate the

passage of a pneumatic carrier. The first ported pneumatic tube includes a plurality of
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ports extending through a first sidewall section. The system further includes a second
ported pneumatic tube having a second internal bore sized to accommodate the
passage of the pneumatic carrier. The second ported pneumatic tube also includes a
plurality of ports extending through a second sidewall section. Typically, these first
and second ported tubes are disposed on opposing sides of a pneumatic tube section or
a pneumatic system component which may periodically hold a pneumatic carrier or
otherwise prevent airflow there through. The ports within the first and second ported
tubes are interconnected by a bypass duct that fluidly interconnects the first and
second plurality of ports. A valve associated with the duct allows for selectively
permitting fluid flow through the duct. That is, the valve may be open and closed to
allow bypass airflow around a system component or tube section disposed between
the ported tubes.

Typically, the plurality of ports each has a combined cross-sectional area that
1s at least 50% of the cross-sectional area of the internal bore of their respective
pneumatic tube. More preferably, these ports have a combined cross-sectional area
that 1s at least 70% of the cross-sectional area of the internal bore of the tubes.

The valve may be any valve 1s operative to allow or prevent fluid flow through
the bypass duct. In one arrangement, the valve disposed on the surface of one of the
first and second ported pneumatic tubes. In such arrangement, the valve may be an
arcuate member or sleeve that fits around at least a portion of the pneumatic tube. In
another arrangement, the valve may be disposed within the bypass duct distally form
either of the ported pneumatic tubes. In one arrangement, the valve is a butterfly

valve.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a mechanical diagram for the pneumatic carrier system.

Fig. 2 illustrates a system diagram for the operation and monitoring of the

pneumatic carrier system.

Fig. 3 illustrates a view of the pneumatic carrier including an identification
chip.

Fig. 4 1llustrates a perspective view of a pneumatic tube incorporating a traffic

control device and a by-pass duct.
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Fig. 5 illustrates a perspective view of one embodiment of a variable diameter
traffic control unait.

Figs. 6A-6C illustrate a rotary air valve in accordance with various aspects of
the invention.

Fig. 6D illustrates a cross-section view of the inner sleeve of the air valve of
Fig. 6A-6C occupied by a carrier.

Figs. 7A and 7B illustrate a cross-sectional view of the sleeve-in-sleeve
arrangement of the rotary air valve of Figs. 6A-6C.

Fig. 8A illustrates a perspective view of another embodiment of an air valve.

Figs. 8B and 8C illustrate a cross-sectional view of the valve of Fig. 8A.

Fig. 9 illustrates a by-pass port and duct arrangement.

DETAILED DESCRIPTION

Reference will now be made to the accompanying drawings, which at least
assist in illustrating the various pertinent features of the present invention. In this
regard, the following description of one embodiment of a rotary air valve used in
conjunction with an in-line air brake is presented for purposes of illustration and
description. It will be appreciated that other embodiments and applications for the of
the air valve are possible and are considered within the scope of the present invention.
Consequently, variations and modifications commensurate with the following
teachings, and skill and knowledge of the relevant art, are within the scope of the
present invention. The embodiments described herein are further intended to explain
the best modes known of practicing the invention and to enable others skilled in the
art to utilize the invention in such, or other embodiments and with various
modifications required by the particular application(s) or use(s) of the present

invention.

Pneumatic carrier system overview

Fig. 1 illustrates a system diagram for a pneumatic carrier system 10 within

which the invention described herein is employable. In general, the pneumatic carner
system 10 transports pneumatic carriers between various user stations 16, 18, each

such transport operation being referred to herein as a “transaction”. At each of the
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user stations 16, 18, a user may insert a carrier, select/enter a destination
address/identification and a transaction priority, and then send the carrier. The system
determines an optimum path to route the carrier and begins directing the carrier
through the system.

Interconnected with each station 16, 18 1s a transfer unit 20 which orders
carriers arriving through different tubes from a different station 16, 18 into a single
pneumatic tube. This pneumatic tube 1s further in connection with a vacuum by-pass
transfer unit 21 (i.e., a turnaround transfer unit) and a blower 22 that provides the
driving pneumatic force for carrier movement. A set of transter units 20, 21, a blower
22 and one or more stations 16, 18 typically detine a single zone. Generally, the
blower 22 of each zone is operative to create pressure and/or vacuum (1.€., system
pressure) within the pneumatic tube(s) of that zone. This pressure/vacuum 1is
operative to create a pressure differential across a carrier disposed within the
pneumatic tubes and causes the carrier to move through the pneumatic tubes. That 1s,
the blower 22, transfer units and pneumatic tubes create a pneumatic circuit for use in
transporting carriers between first and second points within the system 10. Multiple
different zones may be interconnected (€.g., using a multi-linear transfer unit 12) to
collectively detine the pneumatic carrier system 10.

Within the system 10 itself, one or more devices are employable for ordering
and routing carriers to their selected destinations. One type of device 1s a traffic
control unit (TCU) 14 which is employable to receive, temporarily store and release a
number of carriers. This functionality allows for launching a carrier from a user
station 16, 18 prior to a path for a destination location being established. Likewise,
this allows carrier tubes interconnecting the user station 16, 18 to be cleared for
incoming traffic.

Also included in the system 10 are multi-linear transter units (MTUs) 12
which have functionality to direct carriers from one pneumatic tube to another
pneumatic tube (e.g., between tubes in single zone or between different zones). For
example, a MTU 12 may receive a carrier released by a TCU 14 1n a first pneumatic
tube and direct the carrier into a second pneumatic tube in the system 10 to complete a

given transaction.
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All of the components described in Fig. 1 are electronically connected to a
system central controller (SCC) 30 that controls their operation and which is disclosed
in the electrical system diagram of Fig 2. The system central controller (SCC) 30
provides centralized control for the entire pneumatic carrier system 10 and may
include a digital processor and memory/achieve 34. In addition to controlling the
operation of the carrier system 10 as depicted in Fig.1, the SCC 30 may provide
additional functionality.  Such functionality may include, without limitation,
interconnection to external systems 35 and/or use of multiple reader devices/antennas
40 that may allow for reading identification information from carriers within the
system 10. A system for RFID identification within a pneumatic carrier system 1s
described in U.S. Patent No. 7,243,002 entitled “System and Method for Carrier

Identification in a Pneumatic Carrier System’ having a filing date of November 17,

2004.

Connectable to the SCC 30 may be one or more user interfaces 32 through
which a system user may monitor the operations of the system and/or manually enter
one or more commands to control its operation. Typically, at least one user interface
32 is located at or within an area serviced by stations 16, 18. For example, 1n a
medical facility application, one or more user stations 16, 18 and at least one user
interface 32 may be provided within each emergency room, laboratory, nursing
station, etc. In this regard, the user interface may be contained in the stations 16, 18,
or be stand-alone units. Components 12, 14, 16, 18, 20, 21 and 22 shown 1n Fig. 2 are
representations of the various electrical and electro-mechanical systems that may be
employed by the pneumatic carrier system 10. Although in Fig. 2 they are
represented single blocks, one skilled in the art will realize that the block tfor each
type of device represents the electronics for a number of the same or similar type of
components positioned throughout the system which provides for 1ts operation.

One type of carrier 50 that may be utilized with the system 10 is illustrated in
Fig. 3 and includes first and second shell members 54 and 56 that collectively define
an enclosed space for use in carrying materials as they are transported through the
system 10. These shell members 54, 56 are adjoinably cylindrical in cross-section for
use in correspondingly cylindrical pneumatic tubes of the system 10. The shell

members 54 and 56 may be pivotably interconnected by a hinge member (not shown),
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and latches 58 may be provided for securing the first shell member to the second shell
member in a closed configuration. Also included as part of the carrier 50 are wear
bands 60, 62. The wear bands 60, 62 are sized to snuggly fit within the inside surface
of the pneumatic tubes in order to substantially block the passage of air across a
carrier 50 within such a pneumatic tube. Accordingly, this blockage results in a
pressure differential across the carrier 50 that results in the carrier 50 being pushed or
drawn through the pneumatic tube. In the illustrated embodiment, an ID chip 52 is
attached to one of the shell members 54. In this regard, antenna device/readers may
be incorporated into pneumatic tubes within the system 10 to monitor the location

and/or translocation of the carrier through the system.

Pneumatic tube brake

[n one arrangement, a pneumatic tube brake 100, which allows for temporarily
stopping a carrier in a pneumatic tube, is used as a tratffic control unit. In this regard,
the pneumatic tube brake may be disposed within a pneumatic system in order to
temporarily hold one or more carriers at predetermined locations within the system.
Furthermore, it will be appreciated that a plurality of such pneumatic tube brakes may
be stacked end-to-end to provide the ability to store a corresponding plurality of
carriers in-line in a pneumatic tube.

As shown in Fig. 4, the pneumatic tube brake 1s disposed in-line between first
and second pneumatic tubes 8a, 8b. Fig. 5 shows a partially exploded perspective
view of the pneumatic tube brake, which i1s operative to impede and/or stop the
passage of a pneumatic carrier passing through a pneumatic tube within the system
10. When interconnected in-line between first and second pneumatic tubes 8a, 8b, an
internal bore of the pneumatic tube brake 1s aligned with the internal bores of the first
and second pneumatic tubes 8a, 8b through which the pneumatic carrier 50 may be
transported.

The pneumatic tube brake 100 1s operative to arrest the movement of a
pneumatic carrier as it passes through the pneumatic system. In the present
embodiment, the pneumatic tube brake 100 utilizes a variable diameter pneumatic
tube 110 that may be selectively constricted by first and second constraint bands 114,

116. These bands are controlled by first and second actuators 120, 122, which reduce
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the inside diameter or bore of the pneumatic tube brake 100 when activated. That is,
the actuators 120, 122 are operative to apply a compressive force to one or more
locations of the pneumatic tube 100 in order to deflect a sidewall portion of the tube
110 inward. A plurality of deflectable splines are formed into the tube 110 to permait
deflection of the entire circumference of the sidewall of the tube 110. As illustrated,
these splines are formed into the tube 110 using a plurality of axial cuts formed
through a length of the sidewall of the tube. By controlling the amount of detlection
of these splines inwardly relattve to the bore of the variable diameter tube 110, a
partial or full braking action may be applied to the wear bands of the pneumatic
carrier 50 passing through the pneumatic tube brake 100.

To allow for in-line connection between first and second pneumatic tubes, the
device utilizes a pressure jacket 130. As best shown in Fig. 5, this pressure jacket 130
formed of the shell members that mate around the outside of the tube from a location
above the splines to a location below the splines. Accordingly, the pressure jacket
130 may be connected to the outside surface of the tube 110 utilizing any approprate
means. For instance, clamps or adhesives may be utilized. What 1s important 1s that
the pressure jacket 130 prevents significant leakage ot air through the device 100.

In order to utilize the pneumatic tube brake 100 as a TCU, it may be necessary
to duct air around the device when a carrier is being held by the device. That is, a
stationary carrier within the pneumatic tube brake 100 may result in a near complete
blockage of a pneumatic tube line, preventing airtlow through the tube and potentially
preventing operation of downstream system components. To permit fluid tlow around
the device a by-pass duct 80 is utilized as shown in Fig. 4. The by-pass dust 80 is

fluidly interconnected to the first and second tubes 8a, 8b at locations above and

below the end plates 104, 106 of the pneumatic tube brake 100. The by-pass duct
includes a valve 200 that allows for selective opening and closing airflow through the
by-pass duct. That is, the valve 200 may be opened when the pneumatic tube brake

100 holds a carrier to allow routing airflow around the stationary carrier.

Air Valve

One embodiment of an air valve in accordance with various aspects of the

present invention 1s provided in Figs. 6A-6C. As shown, the valve 200 1s a rotary

10
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valve assembly having an outer sleeve 220 that rotates around the outside surface of
an inner sleeve 210. The inner sleeve 210 is formed from a pneumatic tube section
having a diameter that is the same as the diameter of the pneumatic transport tubes of
the pneumatic tube system. In this regard, the internal bore 212 of the inner sieeve
210 shares a common diameter with the pneumatic tubes of the system 10. Likewise,
the internal diameter of the inner sleeve 210 is sized to permit the passage of a
pneumatic carrier 50 there through. The outer sleeve or rotary sleeve 220 has an
inside diameter that 1s slightly greater than the outside diameter of the inner sleeve.
As illustrated 1n Fig. 6C, the outer sleeve 220 is disposed around the outside surface
of the mner sleeve 210 when assembled. In one embodiment, the inner and outer
sleeves may both be formed of similar materials, for example, materials that are
utilized with the remainder of the pneumatic tube system (e.g., stainless steel).
However, it will be appreciated that in other embodiments the inner and outer sleeves
may be formed of other materials (e.g., plastics, composites, etc.) and/or dissimilar
materials.

The inner and outer sleeves each include a plurality of apertures or fluid flow
ports 214 and 224, respectively. As shown, these ports 214, 224 extend through the
sidewalls of the respective sleeve members 210, 220. In the present embodiment, the
ports 214, 224 are elongated and aligned with the central axes of the sleeves 210, 220.
It will be appreciated that in other embodiments other port/aperture configurations
may be utilized. For instance, a plurality of circular holes may be utilized. What is
important 1s that the ports 1n the inner sleeve 210 and outer sleeve 220 are aligned in a
first configuration and misaligned in a second configuration. That is, the valve may
be selectively opened and closed.

Figs. 7A and 7B illustrate a cross-sectional view of the inner and outer sleeves
210, 220 1n aligned and misaligned configurations, respectively. As shown in Fig.
7A, the inner sleeve 210 and its ports 214 are aligned with the ports 224 in the outer
sleeve 220. In this regard, 1t will be appreciated that air passing through pneumatic
tubes connected to the ends of the inner sleeve 210 may be exhausted through the
aligned ports and diverted, for example, around one or more components within the

pneumatic tube system.
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In contrast, when it i1s desirable to maintain air flow axially through the inner
sleeve 210 of the valve 200, the outer sleeve 220 may be rotated relative to the inner
sleeve 210 to misalign the corresponding ports 214, 224. See, Fig. 7B. As shown, the
solid sidewall sections (i.e., axial sidewall sections) between the ports 224 of the outer
sleeve are disposed over the ports 214 of the inner sleeve 210 in the misaligned or
closed position. In this regard, airflow passing through the valve 200 may be
prevented from exiting the valve and is directed through the internal bore 212 of the
internal sleeve 210. '

In the present embodiment, the fluid flow ports 214, 224 are elongated
apertures that extend along the length of the corresponding sleeves and are radially
spaced around a center axis of the valve 200. It will be appreciated that the size,
number and spacing of these apertures may be selected to allow for a desired fluid
flow through the valve 200. For instance, the size and number of the apertures may
be such that the valve is operative to divert all air flow around, for example, the brake
device described above or any other system component. Generally, to reduce pressure
losses, the combined area of the fluid flow ports or apertures may be at least fifty
percent of the cross sectional area of the bore that carries the system air flow. In this
regard, a braking device or other system component may hold a carrer stationary
within the flow path of the system and the valve may selectively divert air flow
around the stationary carrier with minimal pressure drop. Accordingly, airtflow may
continue to downstream components of the pneumatic system which may operate
normally.

While the size and spacing of the ports/apertures 214, 224 may be selected
based on fluid flow needs, it will be appreciated that such sizing and spacing may also
be dependent upon the dimensions of the carriers utilized by the system. For instance,
it may be desirable that the length of the apertures 214 within the inner sleeve 210 be
shorter than the length between the first and second wear bands 60, 62 ot the carrier.
In this regard, at least one wear band of the carrier (which typically has two wear
bands) will always be in contact with a solid portion of the inner sleeve when passing
through the valve. This lessens the likelihood of air passing around a carrier disposed

in the aperture/port section of the valve. Stated otherwise, limiting the axial length of
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the ports or apertures to less than the distance between the wear bands of a carrier
lessens the likelithood of the carrier becoming stuck 1n the valve.

It will be appreciated that pneumatic tube systems often come in standard
sizes. For instance, some standard pneumatic tubing sizes include 4 inch and 6 inch
diameter tubes/pipes. In these arrangements, the carriers used by the system are
typically between about 14 inches and about 18 inches in length and typically have
first and second wear bands having an axial spacing that is between about six and
eight inches. Accordingly, it 1s desirable that the axial length of the valve ports or
aperture be less than 8 inches or even less than 6 inches. Stated otherwise, the length
of the ports/apertures may be less than about twice the diameter of the pneumatic tube
or less than about one and a half times the diameter of the pneumatic tube. This
prevents airflow around the outside of the carrier (i.e., around the wear bands via the
ports) as the carrier passes through the valve.

In addition, it will be appreciated that the radial dimension of each port or
aperture may be limited. That is, if the width of the ports (1.e. arc length about the
periphery of the tube) is too large, the wear bands of a carrier can catch on the edges
of the port. To prevent such catching, it may be desirable that the ports have an arc
length that is less than about 1.75 radians (i.e. an arc with an included angle 0 of less
than about 100 degrees). See Fig. 6D. In an alternative embodiment, the ports may
have an arc length with and included angle 6 less than about 90 degrees. Further still,
the included angle 0 of the ports may be less than 70 degrees. Furthér, the edge
surfaces of the apertures may be rounded to facilitate carrier passage.

Generally, the limiting the width of the apertures or ports in the tubes permits
a carrier to pass through unobstructed because there is enough structure between the
multiple ports to maintain a proper orientation of a carrier contained therein. As
shown in Figure 6D the carrier 50 is typically concentrically located within the
pneumatic tube 110 when passing through the bore. By maintaining an aperture or
port arc length of having an included angle 0 of less than 90 degrees and more
preferably 70 degrees, an axial support 282 extends between adjacent apertures or
ports, which maintains the correct orientation of the carrier as it passes through the

ported section of the tube.
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It will be appreciated that the inside surface of the outer sleeve 220 and/or the
outside surface of the inner sleeve 210 may include a coating or gasket maternal to
provide an improved seal between the sleeves in the misaligned/closed position. For
instance, one or more of these surfaces may be coated with a rubberized or felt-like
material that improves sealing between the sleeves when in the closed position.
However, this is not a requirement.

In order to direct airflow out of the sleeve members, a housing 250 is
interconnected to the outside surface of the inner sleeve 210 at axial positions above
and below the apertures 224. The housing 250 forms an enclosure that houses the
outer/rotary sleeve 220 as well as the components that are utilized to eftect rotation of
the outer sleeve 220. In the present embodiment, this housing 250 is a sheet metal
housing having first and second lateral sidewalls 252A, 252B top and bottom plates
254A, 254B, and an end plate 256. The housing 250 directs airflow coming out of the
valve or into the valve, as the case may be, to/from a bypass duct 82. See e.g., Fig. 4.
In the present embodiment, inner sleeve 210 passes through the top and bottom plates
254A, 254B and these plates are disposed adjacent to the ends of the outer sleeve 210.
Accordingly, these plates may also maintain the axial positioning of the outer sleeve
relative to the inner sleeve. In addition, a baffle plate 248 directs airflow toward the
open end of the housing 250 and into the bypass duct 80. See Fig. 4.

In order to rotate the outer sleeve 220 relative to the inner sleeve 210, the
valve 200 utilizes a stepper motor 258. As shown in Figs. 6A-6C, the stepper motor
258 1is interconnected to the rotary/outer sleeve 220 via a mechanical linkage that
allows for selectively rotating the outer sleeve 220 to align or misalign the
corresponding apertures 214, 224.  Specifically, the stepper motor 258 1s
interconnected to a motor mounting bracket 260 that extends between the lateral
sidewalls 252A, 252B of the jacket/housing 250. An output shaft of the stepper motor
262 is fixedly interconnected to a cam member 264. During operation, selective
movement of the stepper motor 258 is operative to move the cam member 264 about
the rotational axis of the output shaft 262. Interconnected to a distal end of the cam
member 264 are first and second drive pins 266a, 266b. These drive pins are disposed
on opposite sides of a drive plate 216 that is fixedly connected to the outside surface

of the outer sleeve 220. Accordingly, when the stepper motor 260 is driven the output
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shaft 262 turns the cam member 264, which translates this rotational movement via
the drive pins 266a, 266b to the drive plate 216 and thereby rotates the outer sleeve
220. It will be appreciated that other drive mechanisms including, without limitation
linear drive, gear driven, belt driven and/or rotary drive mechanisms are possible and
within the scope of the present invention.

The present embodiment further includes a sensor (e.g., a Hall Effect sensor)
that is operative to monitor the positioning of the cam 264. Specifically, the sensor
270 1s mounted to a mounting bracket 272 that is disposed above the cam 264. In the
present embodiment, the cam 264 also includes a cam aperture 268. The sensor 270
1S operative to monitor the cam aperture 268. Upon identifying an end surface of the
aperture 268, the sensor 270 generates an output indicating that the outer sleeve 220 1s
one of open or closed. It will be further appreciated that the sensor may be utilized to
determine intermediate positions of the rotary outer sleeve 220 relative to the inner
sleeve 210. In this regard, the sensor 270 may be operative to provide an indication of
when the rotary sleeve 1s partially open or partially closed. As will be appreciated,
this may allow for providing partial fluid flow through the valve.

An alternative embodiment of a pass-through air valve 200 is depicted in Figs.
8A-8C. Again the air valve includes outer sleeve 220 disposed about a ported
pneumatic transport tube or inner sleeve 210. However, in the embodiment depicted,
the outer sleeve 220 1s disposed circumferentially around only a portion of the inner
sleeve 210. That 1s, the outer sleeve may be formed as a semi-cylindrical or otherwise
arcuate member. The inner sleeve may include a plurality of apertures 214 that
extend through a sidewall of the inner sleeve 210. In one embodiment, the combined
cross sectional area of the apertures 214 1s at least fifty percent of the cross sectional

area of the bore 212. In another embodiment, the cross sectional area of the apertures
214 1s more than about seventy percent of the cross sectional area of the internal bore
212.

The outer sleeve 220 of the illustrated embodiment form a solid sidewall
having an axial length that 1s equal to or greater than of the axial length of the
apertures 214, In an open position, the outer sleeve 220 1s positioned away from the
apertures 214 such that air may freely flow out of or into the inner sleeve. See Fig.

8B. In a closed position, the outer sleeve 220 may be moved adjacent to apertures
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214 such that it covers the apertures. See Fig. 8C. To this end, inner or outer sleeves
may include, adjacent to their mating surfaces a sealing member. The sealing
member may include felt, an elastomeric material, or any other suitable material
known in the art. The outer sleeve 220 is controllably rotated about the exterior of the
inner sleeve 210. In this regard, the outer sleeve 220 may circumferentially move
with respect to the inner sleeve 210 with the ends of the outer sleeve 220 traveling in
races 278 connected to the outside surface of the inner sleeve. An actuator eftfects this
movement of the outer sleeve 220. Examples of such actuators include, but are not
limited to eclectic motors, stepper motors, linear actuators, or the like. Shown in Fig.
8, the actuator is a stepper motor 258.

The stepper motor 258 may be controlled such that precise increments of the
movement of the output shaft 262 of the stepper motor 258 may be achieved. The
output shaft 262 may be coupled to a gear 274. Additionally, the outer sleeve 220
may have a plurality of gear teeth 276 provided circumferentially on an outside
surface. It is to be understood that the gear teeth 276 may be provided integrally with
the outer sleeve 220 or may be affixed to the outer sleeve 220 in any appropriate
fashion (e.g., adhered, riveted, etc.) as is known in the art. The gear 274 may be
provided in a meshed arrangement with the gear teeth 276 such that rotation of the
gear 274 produces circumferential movement of the outer sleeve 220. In this regard,
by controlling the stepper motor 258, power may be transmitted via the output shaft
262 to the gear 274 and further to the gear teeth 276 such that an output of the stepper
motor 258 produces relative movement of the outer sleeve 220 with respect to the
inner sleeve 210. As such, the stepper motor 258 may be used to selectively position
the outer sleeve 220 with respect to the inner sleeve 210.

Fig. 9 illustrates a further embodiment of an air diversion device in accordance
with various aspects of the present invention. As noted above, the ability to provide
multiple ports or apertures through a sidewall of a pneumatic tube (i.e., a multiple
ported pneumatic tube) allows for effectively directing air flow into and/or out of the
bore of such pneumatic tubes without significant pressure drop. In the embodiments
discussed above, a sleeve-in-sleeve arrangement is used to selectively open and close
the apertures of such multiple ported pneumatic tubes. However, it has also been

recognized that multiple ported pneumatic tubes may be utilized in conjunction with a

16



10

15

20

25

30

CA 02682014 2009-10-09

diversion or bypass duct where a valve is removed from the multiple ported
pneumatic tube(s).

As shown in Fig. 9, a pneumatic system component 162 (e.g., inline break,
TCU, MCU, etc) 1s disposed between first and second pneumatic tubes 8A, 8B. Each
of these tubes, 8A, 8B includes multiple ports 214 in perforated section. Again, the
size and orientation of these ports 214 may be such that the ports 214 are able to
divert all or most of the air flow flowing through the internal bores of the tubes 8A,
8B (i.e., through the system component) without significant pressure drop. In this
regard, 1t may be desirable that the combined area of the ports 214 through these tubes
be at least fifty-percent of the cross-sectional area of the bore of the pneumatic tubes,
8A or 8B. In addition to the overall combined area of the ports, it may again be
desirable that the axial length of the ports 214 is less than the distance between the
wear bands of the carrier designed to pass through the system. Likewise, it may be
desirable that the arc length of these ports (i.e., defined by the included angle thereof)
1s less than 90 degrees and more preferably less than about 70 degrees.

In any arrangement, the ports on the inlet tube 8A and outlet tube 8B are
surrounded by a housing that directs air flow into or out of the ports and into a bypass
duct 82. Located in the bypass duct between the inlet tube 8A and outlet tube 8B is a
valve 160 that 1s operative to open and close air flow through the bypass duct 82. In
this regard, 1t will be appreciated that when the valve 160 is closed, air flow is
directed through the internal bores of the inlet and outlet tubes and through the system
component 162 disposed there between. However, when the system component 162
i1s occupied by, for example, a pneumatic carrier the valve 160 may be opened to
allow fluid flow to continue around the obstructed system component 162 and
continue downstream. As will be appreciated, this permits downstream system
components to continue normal operation.

The foregoing description of the packaging design has been presented for
purposes of 1llustration and description. Furthermore, the description is not intended
to limit the invention to the form disclosed herein. Consequently, variations and
modifications commensurate with the above teachings, and skill and knowledge of the
relevant art, are within the scope of the invention. The embodiments described

hereinabove are further intended to explain best modes known of practicing the
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invention and to enable others skilled in the art to utilize the invention in such or other
embodiments and with various modifications required by the particular application(s)
or use(s) ot the invention. It 1s intended that the appended claims be construed to

include alternative embodiments to the extent permitted by the prior art
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What is Claimed 1s:

1. A flow diversion device for use in a pneumatic tube carrier system, the flow
diversion device comprising:

a first ported pneumatic tube having a first internal bore extending between a first end
and a second end wherein said first end is adapted for in-line connection with an internal
bore of first pneumatic tube of a pneumatic tube system, wherein said first internal bore 1s
sized to accommodate the passage of a pneumatic carrier there through, the first ported
pneumatic tube having a first plurality of ports extending through a first sidewall section,
wherein a combined cross-sectional area of said first plurality of ports 1s greater than fifty
percent of the cross-sectional area of the first internal bore;

a second ported pneumatic tube having a second internal bore extending between a
first end and a second end wherein said first end is adapted for in-line connection with an
internal bore of a second pneumatic tube of the pneumatic tube system, wherein said second
internal bore is sized to accommodate the passage of a pneumatic carrier there through, the
second ported pneumatic tube having a second plurality of ports extending through a second
sidewall section wherein a combined cross-sectional area of said second plurality of ports i1s
greater than fifty percent of the cross-sectional area of the second internal bore;

a pneumatic tube brake connected in-line between said second ends of said first and
second ported pneumatic tubes and having a third internal bore extending there between,
wherein a sidewall of said third internal bore is free of openings sized to allow removal of a
pneumatic carrier from said pneumatic tube brake, and wherein said pneumatic tube brake 1s
operative to selectively move an element relative to said third bore to selectively engage and
release a pneumatic carrier passing through said first and second ported pneumatic tubes

between said first and second plurality of ports;

a duct extending around the pneumatic tube brake and fluidly connecting the first

plurality of ports and the second plurality of ports; and

a valve for selectively permitting fluid flow through the duct, wherein in an open

position said valve permits fluid flow through the duct and around a carrier disposed 1n the

pneumatic tube brake.

2. The device of Claim 1, wherein at least one of the first and second plurality of

ports comprises at least first and second adjacent ports extending between first and second
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axial locations along a respective one of the ported pneumatic tubes, wherein the adjacent

ports are separated by an a sidewall portion that extends axially between the first and second

axial locations.

3. The device of Claim 1, wherein each of the plurality of ports has a maximum

arc length though its respective sidewall of less than about 1.75 radians.

4, The device of Claim 3, wherein the arc length 1s less than about 1.3 radians.

5. The device of Claim 1, wherein the valve 1s within the duct.

6. The device of Claim 5, wherein the valve 1s a butterfly valve.

7. The device of Claim 1, wherein the valve comprises an outer sleeve

circumferentially surrounding at least a portion of one of the first and second ported
pneumatic tubes.

8. The device of Claim 7, further comprising:

an actuator in operative communication with the outer sleeve and operative to move
the outer sleeve with respect to the ported pneumatic tube from an open position to a closed
position, wherein when the outer sleeve covers the plurality of ports in the closed position.

9. The device of Claim 7, wherein the outer sleeve has a second plurality of ports
extending through a sidewall of the outer sleeve, and wherein the plurality of ports in the
pneumatic tube are aligned with the second plurality of ports in the open position and
whereln the plurality of ports are misaligned with the second plurality of ports in the closed
position.

10.  The device of Claim 7, wherein the outer sleeve completely circumferentially

surrounds the inner sleeve.

11. The device of Claim 7, further comprising:

a housing disposed about an outside surface of the pneumatic tube and enclosing the
outer sleeve, the housing having an outlet, wherein the housing directs fluid flow out of the
plurality of ports and into the duct.

12.  The device of Claim 7, wherein an actuator moves the outer sleeve axially
with respect to the plurality of ports in the pneumatic tube.

13. The device of Claim 7, wherein an actuator moves the outer sleeve radially

with respect to the plurality of ports in the pneumatic tube.
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14.  The device of Claim 1, wherein the plurality of ports comprise a plurality of

elongate ports extending parallel to a center axis of the first bore.

15.  The device of Claim 1, wherein the first plurality of ports are shorter in axial

length than a span equal to twice the internal diameter.

16.  The device of Claim 1, wherein a maximum arc length of each of the ports

extending through the sidewall 1s less than about 1.75 radians.

17.  The device of Claim 16, wherein the arc length 1s less than about 1.3 radians.
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