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ABSTRACT

A braking device and method is provided that is operative to selectively slow
and/or stop a pneumatic carrier within a pneumatic carrier system. Generally, the
device includes a pneumatic tube that is sized to permit the passage of pneumatic
carriers. The pneumatic tube includes at least one braking element that may be
disposed into the bore of the pneumatic tube to at least partially impede the passage of
a pneumatic carrier through the bore. In one embodiment, the braking element 1s
formed as a variable diameter section of the pneumatic tube that may be selectively
constricted to change the diameter of the bore of the pneumatic tube. Such
constriction may slow and/or stop the passage of a pneumatic carrier through the bore

of the pneumatic tube.

25



10

15

20

25

30

CA 02682020 2009-10-09

VARIABLE DIAMETER PNEUMATIC TUBE BRAKE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Patent Application No. 12/574,909
entitled “VARIABLE DIAMETER PNEUMATIC TUBE BRAKE” having a filing
date of October 7, 2009, and claims the benefit of the filing date under 35 U.S.C. 119
to U.S. Provisional Application No. 61/104,455 entitled “VARIABLE DIAMETER
PNEUMATIC TUBE BRAKE” filed on October 9, 2008, the contents of which are

incorporated herein as if set forth in full.

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 slowing and/or stopping a pneumatic carrier at a location within in a pneumatic

tube carrier system.

BACKGROUND OF THE INVENTION

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 pneumatic tubes 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 locations may be arranged in any
manner that allows the carriers to be transferred between various stations. Generally,
an 1ndividual station 1s interconnected to the network by a single pneumatic tube. In
this arrangement, such a single pneumatic tube is utilized to carry carriers to and from
the station. Other locations within the system may be interconnected with dedicated

pneumatic tubes. That 1s, two locations within the system may be interconnected by
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two dedicated pneumatic tubes where a first tube carries outgoing pneumatic carriers
and a second tube (e.g., a parallel tube) carries incoming pneumatic carriers.

More commonly, however, two locations are interconnected by a single
pneumatic tube that can only carry a pneumatic carrier in a single direction at a time.
That is, while a pneumatic tube is transporting a carrier, a route to an intended
destination utilizing the pneumatic tube may not be immediately available for another
carrier. Accordingly, it may be necessary or desirable to temporarily stop and store
such a carrier until the carrier can be processed and sent to its intended destination.

In instances where a carrier is stopped within a pneumatic system between
locations (e.g., between stations) and/or at a destination location, significant forces
can be applied to the carrier. That is, some carrier stopping mechanisms include a
stop element that is positioned into the bore of a pneumatic tube. A carrier passing
through such a tube hits the stop element and comes to an immediate stop. Likewise,
carriers arriving at user stations often hit an end stop with considerable force. In both

instances, significant impact forces may be applied to the carrier and its contents.

SUMMAR Y

One objective of the presented inventions is to provide means for reliably
arresting movement of a pneumatic carrier in a pneumatic tube carrier system without
imparting significant impact forces to the carrier and its contents.

Another objective of the presented inventions is to provide means for
temporarily storing one or more carriers within a pneumatic tube carrier system.

These and additional objectives are achieved by the presented inventions
where pneumatic tube braking devices are operative to impede and/or stop a
pneumatic carrier within a pneumatic carrier system. Such pneumatic tube braking
devices utilize a variable bore that allows selectively constricting a passageway (e.g.,
bore) through which a carrier passes. The devices allows for gradually slowing and/or
stopping a carrier thereby reducing impact forces applied to the carrier and its
contents.

According to a first aspect, a pneumatic braking device is provided. The
device includes a pneumatic tube having a sidewall that at least partially defines an

internal bore, which extends between an inlet and an outlet. The internal bore has a
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first cross-dimension (e.g., diameter) that is sized to permit the passage of a carner.
The device further includes a deflectable sidewall portion that i1s selectively
deflectable relative to the internal bore to establish a second cross-dimension at least
at one axial location along a length of the pneumatic tube between the inlet and the
outlet. This second cross dimension 1s generally less than the first cross-dimension,
which allows the deflected portion to impede movement of a pneumatic carrier
through the internal bore of the pneumatic tube. An actuator in operative
communication with the deflectable sidewall portion is operative to displace at least a
portion of the deflectable sidewall portion relative to internal bore of the pneumatic
tube.

Variations and refinements exist to the subject aspect of the invention. Such
variations and refinements may exist in any combination. For instance, the internal
bore is typically has a circular cross-section and the internal cross-dimension is
typically a diameter. However, any cross-section may be utilized that accommodate
the passage of a correspondingly-shaped pneumatic carrier. In any arrangement, the
cross-dimension of the bore may correspond to a minimum chord distance between
two opposing points of the bore and the first and second cross-dimensions are
typically measured along the same chord. Such opposing points may lie collinearly
with each other and the center point of the bore.

The detlectable sidewall portion may be any element that 1s operative to move
into and out of the internal bore of the pneumatic tube in order to at least partially
engage a pneumatic carrier passing there through. For instance, the sidewall of the
pneumatic tube may comprise a first portion and a second portion. The first portion
may have a first thickness and the second portion may have a second thickness less
than the first thickness. In this regard, the thinner second portion may define the
deflectable sidewall portion that may be deflected by an actuator relative to the
internal bore. Alternatively, the sidewall of the pneumatic tube may be elastically
detormable allowing the sidewall to be partially compressed into its static bore (e.g.,
non-deflected bore). In another arrangement the detlectable sidewall portion may
include a cantilevered tab, wherein the actuator displaces a portion of the cantilevered
tab at least partially into the internal bore. The tab (e.g., a cantilevered element) may

be defined by a cut or slit through the sidewall (e.g., a “U” shaped slit). In another
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arrangement, the deflectable member may be formed as a strip or spline defined by
two adjacent slits or apertures formed through the sidewall. In one arrangement, a
plurality of strips or splines defines the deflectable sidewall member. In such an
arrangement, such splines may be evenly spaced about a periphery ot the tube
sidewall. These splines may be arranged such that they extend parallel to the axis of
the bore or may be arranged in some other manner. The plurality of splines may
allow for constricting the diameter of the tube about the entire periphery thereof.

The actuator of the first aspect may be any actuator that is operative to
mechanically displace a portion of the sidewall directly or via a mechanical lineage.
Such actuators may include linear actuators, stepper motors or any other like actuator
known 1n the art. In one arrangement, the actuator includes an electric motor that
engages a compression band to produce compression of the deflectable sidewall
portion.

In another arrangement, the actuator may include a first actuator at a first axial
location along the length of the pneumatic tube and a second actuator at a second
axial location along the length of the pneumatic tube. Furthermore, the first and
second actuators may be independently controlled. This may allow for multi-stage
breaking with each actuator producing different amounts of detlection of the
deflectable sidewall portion or different deflectable sidewall portions.

In other arrangements, the actuator may include, for example, a pressurized
elastic protrusions (e.g., bladders), twistable elements operative to constrict the
deflectable sidewall. For example, the deflectable sidewall portion may be defined by
a thinned sidewall portion of an elastically deformable tube (€.g., polymeric tube). By
way of example, this thinned or deflectable sidewall portion may be surrounded by a
pressure jacket or bladder that is operative to increase pressure surrounding the
sidewall portion with respect to the pressure within the pneumatic tube. As a result,
an increased pressure may be generated exterior to the deflectable sidewall portion,
causing the sidewall portion to deflect toward the center of the bore under the force
generated by the increased pressure.

The first aspect may further include a pneumatic carrier identifier adjacent to
the pneumatic tube that 1s operative identify a pneumatic carrier traveling through the

deflectable sidewall portion. The pneumatic carrier identifier may be an RFID reader
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or an optical reader and may be in communication with a controller for controlling the
actuator of the first aspect based on the pneumatic carrier identifier. The device may
utilize an at least partially translucent tube to facilitate use of various reading devices
(e.g., bar code readers, optical scanners etc.)..

The first aspect may further include a connector at either or both ends of the
tube. These connectors may facilitate interconnection of the brake to adjacent tubes
in the pneumatic system. The connectors may be bands (e.g., pipe fittings), clamps,
or other means of connecting the brake to pneumatic tubing.

In another aspect, a method 1s provided for slowing a pneumatic carrier
passing through a bore of a pneumatic tube within a pneumatic carrier system. The
method includes deflecting a first section of a sidewall of a pneumatic tube, relative
to the internal bore of the tube, from a first cross dimension to a deflected second
cross dimension where the second cross dimension is less than the first cross
dimension. Further, the method may include contacting the pneumatic carrier passing
through the tube with at least a portion of the deflected first section such that the
contacting causes the pneumatic carrier to slow to a second speed less than the first
speed. Such sidewall deflection may allow for applying braking forces and/or
stopping forces to the wear band(s) of a pneumatic carrier.

Varnations and refinements exist to the subject aspect of the invention. Such
variations and refinements may exist in any combination. For instance, the method
may include deflecting a second section of the sidewall of the pneumatic tube relative
to the bore. Furthermore, the method may include contacting the pneumatic carrier
with at least a portion of the second section such that the contacting causes the
pneumatic carrier to further slow or stop.

In any case, the deflectable member is operative to impede and/or stop passage
of a pneumatic carrier through the internal bore of the pneumatic tube when deflected
into the static bore of the tube, which is sized to permit transit of a pneumatic carrier
there through. Further, by utilizing multiple deflectable sidewall portions ovér the
length of a pneumatic tube, the deceleration profile of a carrier may be controlled.
For instance, a first section of the sidewall may be deflected to provide an initial
arresting of the carner (e.g., slow the carrier from a first speed to a second slower

speed). Likewise additional sidewall sections may be deflected to further slow the
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carrier. In one arrangement, the detlection of the sidewall section(s) may be based on
the weight and/or velocity of the carrier. Further, the speed of the carrier may be

monitored (e.g., using RFID devices) to dynamically adjust the sidewall deflection.

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.

Figs. 4A-C illustrates perspective views of one embodiment of a variable
diameter pneumatic tube brake device.

Figs. SA-E illustrate the brake device arresting the movement of a pneumatic
carrier.

Figs. 6A-D illustrate various embodiments of a cross sectional area of a
variable cross-dimension pneumatic tube.

Fig. 7 illustrates cross sectional view taken along the length of a 'pneumatic
tube showing one embodiment of a deflectable sidewall portion according to one
aspect of the present invention.

Fig. 8 1s a perspective view of the embodiment of Fig. 7.

Fig. 9 illustrates cross-sectional and perspective views of another embodiment
of a variable diameter tube.

Fig. 10 1illustrates a perspective view of one embodiment of a pneumatic tube
with a deflectable sidewall portion.

Figs. 11A and 11B illustrate a carrier station utilizing a variable diameter air

brake.

DETAILED DESCRIPTION
Reterence will now be made to the accompanying drawings, which at least
assist in 1llustrating the various pertinent features of the present invention. In this
regard, the following description of a pneumatic brake device utilizing a variable

diameter bore is presented for purposes of illustration and description. Furthermore,
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the description is not intended to limit the invention to the form disclosed herein.
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 an exemplary pneumatic carrier system
10 within which the braking devices described herein are employable. In general, the
pneumatic carrier system 10 transports pneumatic carriers between various user
stations 16, 18, each such transport operation being referred to herein as a

y

“transaction.” At each of the 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 is 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 is 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 transfer units 20, 21, a blower
22 and one or more stations 16, 18 typically define a single zone. Generally, the
blower 22 of each zone 1s operative to create pressure and/or vacuum (i.e., system
pressure) within the pneumatic tube(s) of that zone. This pressure/vacuum is
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 (e.g., using a multi-linear transfer unit 12) to

collectively define the pneumatic carrier system 10.
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Within the system 10 itself, one or more devices are employable for ordering
and routing carriers to their selected destinations. One type of device is 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 tratfic.

Also included in the system 10 are multi-linear transfer 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 in a first pneumatic
tube and direct the carrier into a second pneumatic tube in the system 10 to complete a
given transaction.

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 antennas or readers 40
(¢.g., optical readers, radio frequency identification readers, etc.) that may allow for
identification of carriers within the system 10. In the latter regard, a system for RFID
identification within a pneumatic carrier system is described in U.S. Patent No.
7,243,002 entitled “System and Method for Carrier Identification in a Pneumatic
Carrier System” having an issue date of July 10, 2007, the contents of which are
incorporated by reference herein.

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 1s located at or within an area serviced by stations 16, 18. For example, in a

medical facility application, one or more user stations 16, 18 and at least one user
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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 in 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 for 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 its 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 cyl'indrical 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),
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

A problem particular to conventional pneumatic tube systems is the shape of
the deceleration profile when stopping a carrier. Most conventional systems bring a
moving carrier to rest by (a) inserting a finger, dog or pal into the direction of carrier
travel, or (b) creating a closed chamber whereby the moving carrier creates a positive

pressure ahead of itself with a “bicycle pump” effect. Deceleration forces under these
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conditions can exceed 30-50g’s, potentially harming the carrier, the payload and
requiring the supporting equipment to be large to survive repeated impacts and jerks.

In the baking devices presented herein, the diameter of a pneumatic tube or
pipe can be changed in one or more locations perpendicular to the carrier travel path.
In this regard, a plurality of actuators or force generators may be positioned along the
length of the tube to selectively alter (e.g., deflect) the inside cross-dimension of the
tube. Each actuator may create a slightly different tube cross-dimension (e.g.
diameter) allowing the inside surface of the deflected tube to contact the wear bands
of a carrier passing though the tube. By using two or more deflected locations along
the length of a tube a gradual braking or slowing of the carrier may be achieved
reducing the deceleration forces applied to the carrier and its contents. This allows
the deceleration profile to be shaped and manipulated. This is a valuable feature,
enabling the system to dynamically adapt its braking characteristics in response to
carrier weight, payload sensitivity, or any combination thereof.

When placed under computer control 1n sufficiently long transport tubes, the
braking system described can move a carrier peristolically, allowing the system to
move other transactions at high or very high speeds, while allowing other carriers
within the brakes domain to move limited distances at the same time and within the
same blower cycle.

Fig. 1 illustrates one system embodiment where an in-line deflectable brake
device 100 1s used in conjunction with high speed express lines. However, 1t will be
appreciated that the in-line brake may be utilized at other system locations. In any
application, the tube brake device 100 is operative to slow or stop a carrier traveling
within a tube by altering the dimension of the tube to at least partially contact a carrier
passing through the tube.

Fig. 4A shows a partially exploded perspective view of one exemplary
pneumatic tube brake device that 1s operative to impede and/or stop the passage of a
pneumatic carrier passing through a pneumatic tube within the system 10. As shown
in Figs. 1 and 6, the pneumatic tube brake device 100 may be interconnected in-line
between first and second pneumatic tubes 8a, 8b within the system 10. In such an
arrangement, the internal bore of the pneumatic tube brake is aligned with the internal

bores of the first and second pneumatic tubes 8a, 8b through which the pneumatic
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carrier 50 may be transported. Alternatively, the pneumatic tube brake device 100
may be positioned proximate to the inlet tube 70 leading into a user station as
1llustrated in Figs. 11A and 11B.

In any application, the pneumatic tube brake device 100 is operative to arrest
the movement of a pneumatic carrier as it passes through a tube of the pneumatic
system. More importantly, the pneumatic tube brake device 100 is selectively
operative to partially or fully arrest the movement of a carrier over a distance such
that impact forces applied to the carrier are reduced. In the present embodiment, the
pneumatic tube brake device 100 utilizes a variable diameter pneumatic tube 110 that
may be selectively constricted by first and second constraint bands 114, 116
(controlled by first and second actuators 120, 122) to reduce the inside diameter of the
internal bore 102 of the pneumatic tube brake device 100. See Figs 4A-4C. This
reduced diameter allows for engaging the wear bands of a carrier passing through the
variable diameter pneumatic tube and thereby applying a braking force to the carrier.

As shown 1n Figs. 5SA-5E, the actuators 120, 122 are operative to apply a
compressive forces to separate locations of the pneumatic tube 110 of the brake
device 100 1n order to deflect a sidewall portion of the tube 110 inward (e.g., relative
to the internal bore). For instance, as shown in Fig. SA, the first and second actuators
120, 122 may apply a first force at a first location and a second force at a second
location along the length of the tube 110. As shown, the upper actuator 120 may be
operated to apply a smaller deflection force to the variable diameter tube 110. In
contrast, the lower actuator 122 may be operated to apply a greater deflection force,
which results in a greater inward deflection of the sidewall of the variable diameter
tube 110.

- By controlling the amount of deflection of the sidewall portions inwardly into
the static internal 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. For instance, as shown in Fig. 5B, as a carrier 50
approaches the first inwardly deflected section of the pneumatic tube brake 100 (i.e.,
caused by the first actuator 120), the first wear band 60 of the carrier 50 is
compressed. However, as long as the deflection at the first section is not great enough

to stop the movement of the carrier 50, the carrier may continue passage through the
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variable diameter tube as shown in Fig. 5C. While not stopping the carrier 50, it will
be appreciated that by reducing the diameter of the tube 110 kinetic energy may be
removed from the moving carrier 50 thereby slowing the carrier. Further, reduction
of the tube diameter typically results in application of braking forces to the phable
wear bands 60, 62 of the carrier 50. This may reduce the forces applied to the
generally rigid carrier and any contents within the carrier.

In the present embodiment, variation of the diameter of the tube 110 may
accomplished by forming a plurality of individual strips (e.g., splines) 112 into the
sidewall of the tube 110. As illustrated in Fig. 4C, these splines 112 are formed into
the tube 110 using a plurality of axial slits (e.g. cuts or apertures) formed along a
portion of the length of the tube. While shown in Fig. 4C as a plurality of axial cuts,
it will be appreciated that other arrangements are possible and considered within the
scope of the present invention. By way of example, the cuts may extend axially and
radially such that a candy stripe pattern is created in the sidewall defining a plurality
of twisting splines.

In any arrangement, each individual spline may be partially displaced relative
to the non-detlected (e.g. static) internal bore 102 of the device 100. In the present
arrangement, the actuators 120, 122 are operative to equally deflect all of the splines
112 relative the static internal bore. In this regard, the compression bands 114, 116
are disposed around the outside perimeter of the tube 110. See Fig. 4B. These
compression bands 114, 116 are interconnected to the actuators 120, 122, which are
operative to tighten and loosen the bands. In one embodiment, stepper motors are
utilized as the actuators 120, 122. Such stepper motors provide highly controlled
deflection of the splines into the internal bore 102 of the tube 110.

In the current embodiment, conventional rotary electric motors (e.g., stepper
motors) drive screws or other mechanical elements that apply a force typically
perpendicular to carrier motion (i.e., the central axis of the bore). These forces deflect
the sidewall or a deflectable portion of the sidewall into the carrier path. However,
any coupling between the sidewall and an actuator/prime mover may provide the
same or similar function. A whiffletree (or plurality thereof) may allow application of
various degrees of force along the tube length, effectively dividing the output of a

single prime mover (or plurality thereof) into variable forces along the length of the
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brake. The use of different linkages may also provide one or more degrees of
separation between the sidewall and a prime mover to provide the same etfect. The
prime movers could be any of these typically used as actuators; rotary motors, linear
motors, pneumatic actuators, magnetic field. Any means for creating a controlled,
directed force, e.g., radial cams, sliding wedges, solenoids, pneumatic actuators, etc.,
would apply and is considered within the scope of the present disclosure.

The ability of the braking device 100 to reduce the internal diameter of the
tube to engage the wear bands of a carrier passing through the tube also allows for a
multiple stage braking. As shown in Fig. 5D, after passing through the first reduced
diameter section caused by the first actuator 120 and compression band, the first wear
band 60 of the carrier may engage the second inwardly deflected section caused by
the second actuator 122 and the second compression band. In the present
embodiment, the second actuator may apply a greater detlection force to the tube 110
to further apply a greater braking force to the carrier 50. Even if the first wear band
60 passes though the second reduced diameter/inwardly deflected section of the tube
110, the second wear band 62 may then engage the first reduced diameter inwardly
deflected section as shown in Fig. SE. Accordingly, in the present embodiment, first
and second stages of braking may be applied to the first wear band 60 by the first and
second reduced diameter sections of the tube 110. Additionally, a third and fourth
braking stage may be applied to the second wear band 62 of the carrier 50. It will be
appreciated that, based on the deflection of the first and second sections of the
variable diameter tube, the carrier may be brought to a stop before all the braking
stages are applied. For instance, the device 100 may be utilized to apply first stage
braking using the first reduced diameter section and halt the carrier using the second
stage braking. See for example, Fig. 5D. However, this is not a requirement.

It will be further appreciated that additional actuators or fewer actuators may
be utilized. For 1instance, a device including a single actuator may be operative to
apply first and second stage braking to the first and second wear bands of a carrier. In
further embodiments, additional braking devices may be placed along a pneumatic
tube. This may allow for providing additional braking stages at different locations
along travel path of a carrier. In this regard, such braking devices may be utilized to

controllably decelerate a carrier to reduce forces applied to the carrier and its contents.
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That is, a deceleration profile may be provided for a carrier to substantially reduce or
eliminate impact forces applied to the carrier.

To allow for in-line connection between first and second pneumatic tubes, the
device utilizes a pressure jacket 130. As best shown in Figs. 4A, and 4B, shell
members that mate around the outside of the tube 110 and which extend from a
location above the splines 112 to a location below the splines 112 form the pressure
jacket. The pressure jacket forms a housing that reduces or eliminates air loss through
the cuts or apertures in the tube 110. The pressure jacket 130 may be connected to the
outside surface of the tube 110 utilizing any appropriate means. For instance, clamps,
adhesives and/or various sealants may be utilized. What is important i1s that the
pressure jacket 130 prevents significant leakage of air through the device 100 though
it will be appreciated that the pressure jacket need not be airtight.

As shown in Fig. 4A, the present embodiment of the device further includes
first and second end plates 104, 106 that are interconnected to the first and second
ends of the variable diameter tube 110. These end plates 104, 106 may be
interconnected to adjacent pneumatic tubes and/or user stations. Furthermore, 1t will
be appreciated that the surfaces of these end plates may be recessed to accommodate
one or more seals or gaskets. In other embodiments, the first and second ends of the
tube 110 may form pipe stubs which may be connected to interfacing pipes using
standard piping couplers.

In one embodiment, the variable diameter tube 110 1s formed from a
nonmetallic element. For instance, the tube may be formed of a clear polycarbonate
or other polymeric material to allow, for example, reading of bar codes or other
identification devices through the tube. In such an arrangement, the tube may be at
least partially translucent. However, it will be appreciated that the tube may.be
opaque if the reading device is formed of a RFID device. Such an RFID reader
device/band 134 is illustrated in Fig. 4A. Preferably, such a band or other reading
device may be positioned along the length of the tube 110 to ensure that an
identification element of a carrier may be read while the carrier 1s passing through the
pneumatic tube brake 100 and/or 1s held stationary by the pneumatic tube brake 100.
In other embodiments steels (e.g. spring steels, etc.) may be utilized to form the

variable diameter tube 110.
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It may be desirable that the material selected for the variable diameter tube be
elastically deformable. This allows for deflecting of a portion of the sidewall from a
static position to a deflected position where the deflected sidewall portion protrudes
into the static (1.e., non-deflected) internal bore of the tube in response to an applied
force. Upon releasing the applied force, the elastically deformable material may relax
from the deflected position to a static position. However, other materials may be
utilized. Further, other embodiments may utilize a positive displacement device that
deflects and retracts a portion of the sidewall (or other element) into and out of the
static bore of the tube.

It may be further desirable that the length of the axial cuts in the tube 110 that
define the splines be less than the distance between wear bands 60, 62 of a carrier 50
utilized with the pneumatic system. This 1s may prevent air from bypassing around a
stationary carrier through the cuts and thereby facilitate the re-mitiation of carrer
movement upon the actuator(s) releasing the splines. That 1s, upon releasing the
actuators the sidewall may relax to an undeflected state and the air pressure within the
system may reinitiate movement of the carrier.

Though discussed above, where the entire circumference of the tube varies in
diameter, alternative embodiments are hereby contemplated that incorporate alterative
deflectable sidewall portions. In any embodiment, the actuator deflects an element
relative to the bore and thereby reduces the cross dimension of the bore relative to the
cross dimension of the pneumatic tube through which the carrier passes unrestricted.
Cross dimension may be defined by the minimum chord length between two opposing
points of the bore connected by a reference line that also passes through the center
point of the cross section of the bore. To illustrate the concept of the cross dimension,
Fig. 6B-D depicts several embodiments of the cross section of the deflectable sidewall
portion 1n a deflected state.

Fig. 6A 1s a depiction of the cross section of a pneumatic tube 110 where the
sidewall 108 1s undetlected and through which the pneumatic carrier is free to pass.
The undetlected sidewall defines a cross dimension 140 that corresponds to the static
diameter of the pneumatic tube 110. The undetlected sidewall 108 further establishes
a static bore through which a carrier freely passes. Turning to Fig. 6B, the sidewall
108 has been partially deflected by an actuator 120 that pushes a portion of the
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sidewall into the static bore of the tube to define a deflected sidewall portion 106. In
Fig. 6B, a cross dimension 142 is shown between the deflected portion 106 and the
opposite section of the sidewall 110. In this regard, the cross-dimension 142 of the
deflected tube 1s less than the cross-dimension 140 of the undeflected tube 110. The
actuator 120 may be a linear actuator that may also include a plunger that is operative
to impinge on the sidewall 110 to produce the deflected portion 106 of the sidewall.

With similar reference to Fig. 6C, a deflected portion 106 is shown. Again the
pneumatic tube sidewall 108 is represented by a broken line and shows the
predeflected state of the deflected sidewall 106. A cross dimension 142 is established
as the mimimum chord distance passing through the center of the bore 102. As can be
appreciated the bore 802 in Fig. 6C has a smaller cross sectional area than the bore
102 1n Fig. 6A. Turning to Fig. 6D, an embodiment is shown wherein the deflected
sidewall portion 106 1s deflected such that the deflected sidewall portion 106 is
circular.  Again, the pneumatic tube sidewall 108 is shown in broken line for
comparison with regard to the deflected sidewall portion 102. The deflected sidewall
portion 106 establishes a cross dimension 142. It will be appreciated that in this
regard, where the deflected sidewall portion 106 forms a circular cross section, the
cross dimension 142 corresponds with the diameter of the deflected portion (not to
scale). Also, the deflected bore 102 of Fig. 6D is less than the undeflected bore 102
as depicted 1n Fig. 6A.

Figs. 7 and 8 depicts another embodiment of a tube where an internal cross-
dimension may be varied for braking purposes. As shown, the internal bore 102 of
the tube is such that it accommodates the passage of a pneumatic carrier there
through. Again, the sidewall 110 includes a selectively deflectable sidewall portion
108 that 1s at least partially deflectable into the internal bore 102. As depicted in Figs.
7 and 8, the deflectable sidewall portion 108 may be a cantilevered tab. While in Fig.
8, the tab 1s depicted as a “U” shaped cut or aperture in the sidewall 110, it is to be
understood that the tab may be formed by other means and take other shapes other
than the “U” shaped tab depicted.  Alternately, the deflectable sidewall portion may
be defined as a single spline defined between two adjacent cuts in or though the

sidewall as shown in Fig. 9. In either case the actuator may deflect a portion of the
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sidewall 108 proximate to the cut or apertures relative to the internal bore 102 of the
stdewall 110.

The tab or spline may be in communication with an actuator (not shown) that
1s operative to detlect the detlectable element at least partially into the bore. The
actuator may be of any kind that is operative to produce relative motion of the
detlectable element with respect to the remainder of the sidewall such that the element
at least partially intrudes into the internal bore. In this regard, the actuator may be a
linear actuator, such as a hydraulic cylinder, pneumatic cylinder, electrical solenoid,
or other known linear actuator capable of producing linear movement. Alternatively,
the actuator may include an electric motor, a radial or linear cam, sliding wedges, or
the like. Moreover, while a single tab and spleen are shown in Figs. 8 and 9,
additional detlectable elements may be provided as well. This may include elements
at the same or different axial location and/or in 'the radial direction from, the
1llustrated elements.

In one arrangement, the pneumatic tube brake 100 may be utilized as a traffic
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 store a corresponding
plurality of carriers in-line in a pneumatic tube. However, 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 results in a near complete blockage of a pneumatic tube line
affecting operation of downstream components.

As shown 1n Fig. 10, the pneumatic tube brake is disposed in-line between
first and second pneumatic tubes 8a, 8b. To permit fluid flow around the device 100
to permit operation of downstream system component, a by-pass duct 80 is utilized.
As show, the by-pass dust 80 1s fluidly interconnected to the first and second tubes 8a,
8b at locations above and below the plates 104, 106 of the pneumatic tube brake 100.
At least one end of the by-pass duct includes a valve 82 that allows for selective

opening and closing airflow through the by-pass duct. That is, the valve 82 may be
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opened when the pneumatic tube brake 100 holds a carrier permitting airflow to
continue around the carrier.

As illustrated in Figs. 11A and 11B, the pneumatic tube brake 100 may also be
utilized proximate to a user station 16. In this regard, the pneumatic tube brake 100
may be utilized to provide braking for incoming carriers. That is, instead of carriers
entering the station and dropping into a bin or hitting an end-stop 6, the pneumatic
tube brake 100 may slow or stop the carrier prior to the carrier entering the station 16
to reduce input forces applied to the carrier. For instance, a carrier may be slowed or
stopped (€.g., utilizing two or more braking stages) above the station 16. The
pneumatic tube brake 100 may then release the carrier which may fall into the
recerving mechanism of the station 16. It will be appreciated that such braking may
reduce the velocity of the carrier entering the station and thereby reduce impact forces
applied to the carrier and 1ts content when the carrier contact an end stop of the station

In another arrangement, the pneumatic tube brake 100 may be utilized in high
speed and/or long distance pneumatic transfer applications. In such applications,
pneumatic carriers may be accelerated to high speeds to quickly transport time
sensitive contents. Reducing the speed of such carriers has heretofore been
problematic. However, the pneumatic tube brake 100 of the present inventor allows
for bleeding off kinetic energy of such high speed carriers near their destination
locations. For example, in Fig. 1 one or more pneumatic tube brake’s 100 may be
incorporated 1nto the express lines.  Accordingly, the carriers may be sent at
increased velocities through such lines with the assurance that one or more in-line
pneumatic tube brake’s will reduce the speed of the carrier prior to its arrival at a
destination location where it must come to a complete stop. That is, braking may be
speed over a distance thereby reducing the magnitude of the impact applied to the
carrier and its contents.

The foregoing description of the packaging design has been presented for
purposes of illustration and description. Furthermore, the description is not intended
to limit the inventions to the forms disclosed herein. Consequently, variations and
modifications commensurate with the above teachings, and skill and knowledge of the
relevant art, are within the scope of these inventions. For instance, it will be

appreciated that a pneumatic tube of a braking device may have multiple separate
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detlectable sidewall portions and that the length of such tubes may be varied. The
embodiments described hereinabove are further intended to explain 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 invention. It i1s intended that the
appended claims be construed to include alternative embodiments to the extent

permitted by the prior art.
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CLAIMS

1. A brake for use in a pneumatic tube carrier system, comprising:

a pneumatic tube having a sidewall that at least partially defines an internal
bore extending between an inlet and an outlet, wherein said internal bore has a first
cross dimension sized to accommodate the passage of a pneumatic carrier there
through;

a deflectable sidewall portion of said pneumatic tube, wherein said deflectable
sidewall portion 1s selectively deflectable relative to the internal bore to establish a
second cross dimension at least at one axial location along a length of the pneumatic
tube between the inlet and the outlet, wherein the second cross dimension is less than
the first cross dimension; and

an actuator in operative communication with the deflectable sidewall portion,
wherein the actuator is operative to displace at least a portion of the deflectable
sidewall portion relative to internal bore of the pneumatic tube.

2. The apparatus of Claim 1, wherein said actuator is operative to
displace the detlectable portion from a first position associated with said first cross
dimension to a second position associated with said second cross dimension.

3. The apparatus of Claim 1, wherein the first cross dimension is a static
diameter of the pneumatic tube and the second cross dimension is a deflected
diameter of the pneumatic tube.

4. The apparatus of Claim 1, wherein the pneumatic tube comprises a first
portion and a second portion, the first portion having a first thickness and the second
portion having a second thickness less than the first thickness , where the second
portion defines the deflectable sidewall portion.

5. The apparatus of Claim 1, wherein the deflectable sidewall portion
includes an aperture extending through the sidewall, wherein the actuator deflects a
portion of the sidewall proximate to the aperture.

6. The apparatus of Claim 1, wherein the deflectable sidewall portion
comprises a cantilevered tab, wherein the actuator displaces a portion of the

cantilevered tab at least partially into the internal bore.
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7. The apparatus of Claim 6, wherein said tab i1s defined by a
substantially “U” shaped slit extending through the sidewall.

8. The apparatus of Claim 1, wherein the deflectable sidewall portion is
disposed between first and second slits extending through the sidewall of the
pneumatic tube, wherein the slits define a deflectable strip there between and wherein
the actuator operative to at least partially deflect the deflectable strip into the internal
bore.

0. The apparatus of Claim 1, wherein the deflectable sidewall portion
COMprises:

a plurality of deflectable sidewall portions defined by a plurality of slits
extending through the pneumatic tube and defining a plurality of deflectable strips.

10.  The apparatus of Claim 9, wherein the plurality of slits are parallel to a
central axis of the internal bore.

11.  The apparatus of Claim 9, wherein the plurality of slits are evenly
spaced about the circumference of the internal bore.

12.  The apparatus of Claim 9, wherein the plurality of slits extend for a
distance less than twice the first cross dimension of the pneumatic tube.

13.  The apparatus of Claim 1, further comprising:

a housing disposed around and engaging an exterior surface of the pneumatic
tube, wherein said deflectable sidewall portion i1s disposed within said housing.

14.  The apparatus of claim 1, wherein the actuator is a linear actuator.

15.  The apparatus of claim 1, wherein the actuator further comprises a
compression band disposed around the pneumatic tube, wherein the actuator is
operative to constrict the compression band.

16. The apparatus of claim 1, wherein the actuator is a stepper motor.

17.  The apparatus of claam 1, wherein the actuator comprises a first
actuator at a first axial location along the length of the pneumatic tube and a second
actuator at a second axial location along the length of the pneumatic tube.

18.  The apparatus of claim 17, wherein the first actuator and the second
actuator are independently controlled.

19.  The apparatus of claim 18, wherein the first actuator produces a first

displacement of the deflectable sidewall portion and the second actuator produces a
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second displacement of the deflectable sidewall portion, wherein the first
displacement is different than the second displacement.

20.  The apparatus of Claim 1 further comprising:

a pneumatic carrier identifier adjacent to the pneumatic tube and operative

1identify a pneumatic carrier traveling through the detlectable sidewall portion.

21.  The apparatus of claim 1, further comprising;

a first connector for attaching said inlet to a first adjacent pneumatic
tube; and

a second connector for attaching the outlet to a second adjacent
pneumatic tube.

22. A method for slowing a pneumatic carrier passing through a pneumatic
tube of a pneumatic tube carrier system, the method comprising:

deflecting a sidewall of a pneumatic tube at a first axial location from a first
cross dimension to a deflected second cross dimension, wherein the second cross
dimension 1s less than the first cross dimension; and,

contacting a pneumatic carrier passing through the first axial location of the
tube with at least a portion of the deflected sidewall at the first axial location, wherein
contacting causes the pneumatic carrier to slow from a first speed to a second slower
speed.

23.  The method of claim 22, further comprising:

detlecting the sidewall at a second axial location,

contacting the pneumatic carrier with at least a portion of the deflected
sidewall at the second axial location, wherein such contacting causes the pneumatic
carrier to slow to a third speed less than the second speed.

24. A brake for use in a pneumatic tube carrier system, comprising:

a sidewall defining a bore extending between an inlet and an outlet and, the
bore having a first cross dimension and having a plurality of slits extending through
the sidewall defining a selectively deflectable sidewall portion, the bore being in
communication with a length of pneumatic tubing; .

a first compression band circumferentially arranged exterior to the selectively

detlectable sidewall portion at a first location along the sidewall; and,
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a first actuator engaged with the first compression band and operative to
selectively tighten and loosen the compression band, wherein tightening the
compression band compresses the deflectable sidewall portion to define a deflected
bore having a second cross dimension at the first location, wherein the second cross
dimension i1s less than the first cross dimension.

25.  The apparatus of Claim 24, wherein the plurality of slits are parallel to
a central axis of the bore.

26.  The apparatus of Claim 25, wherein the plurality of slits are evenly
spaced about the circumference of the bore.

27.  The apparatus of Claim 24, wherein the plurality of slits extend axially
for a distance less the for less than twice the diameter of the first cross dimension.

28.  The apparatus of claim 24, further comprising:

a housing extending around the deflectable sidewall portion and enclosing said
slits.

29.  The apparatus of claim 24, wherein the first actuator 1s a stepper motor.

30.  The apparatus of claim 24, further comprising;:

a second compression band circumferentially arranged exterior to the
selectively deflectable sidewall portion at a second location along the sidewall; and

a second actuator engaged with the second compression band and operative to
selectively tighten and loosen the second compression band.

31.  The apparatus of claim 30, wherein the first actuator and the second
actuator are independently controlled.

32.  The apparatus of claim 31, wherein the first actuator produces a first
displacement of the selectively deflectable sidewall portion and the second actuator
produces a second displacement of the selectively deflectable sidewall portion,
wherein the first displacement is different than the second displacement.

33. A method for slowing a pneumatic carrier in a pneumatic tube carrier
system, comprising:

passing a pneumatic carrier through a first portion of pneumatic tubing having
a first diameter;

reducing a second diameter of a second portion of pneumatic tubing to less

than said first diameter; and,
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contacting the second diameter of the second portion of pneumatic tubing to
the pneumatic carrier to slow the pneumatic carrier as it passes through the second
portion of pneumatic tubing.

34.  The method of claim 33, further comprising:

reducing a third diameter of a third portion of pneumatic tubing to less than
said first diameter; and,

contacting the third diameter of the third portion of pneumatic tubing to the
pneumatic carrier to slow the pneumatic carrier as it passes through the third portion
of pneumatic tubing.

35. The method of claim 33, wherein the third diameter is less than the second

diameter.
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