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Description
BACKGROUND OF THE DISCLOSURE

[0001] The present disclosure generally relates to a
device and a system for routing and managing cables
coupled to communication connectors, adapters, and/or
ports. More particularly, the present disclosure relates to
cable routing and management systems for patch panel
devices.

[0002] In communications cabinets and racks, a mul-
titude of cables are interconnected to one another
through connectors, e.g., adapters. A cable organization
unit typically has a tray or a shelf or a similar platform,
which supports the connectors. Examples of cable or-
ganization units include patch panels.

[0003] A patch panel houses cable connectors and in
the majority of cases is rack mounted. The patch panel
typically is two-sided; the front of the patch panel provides
for connections to relatively short wires or cables, and
the rear of the patch panel usually provides for connection
to relatively long wires or cables. This setup facilitates
the performance of temporary alterations to the front of
the patch panel without disturbing the connections in the
rear. Sometimes, the cables connected to the front of the
patch panel may interconnect different patch panels and
may be relatively short or may be part of longer cables.
The patch panel facilitates interconnecting, monitoring,
and circuit testing of equipment without necessitating
costly switching equipment.

[0004] Early applications for patch panels were for tel-
ephone exchanges, where they are still used albeit in a
more automated form. Patch panels are also used ex-
tensively in the entertainment industry, e.g., in recording
andtelevision studios. They are also used in concert halls
to manage connections among equipment, e.g., micro-
phones, speakers, and other electronic equipment.
Patch panels are valued for such purposes not only for
their convenience and relative cost effectiveness, but al-
so because they make it easier to identify problems such
as feedback, ground loops, and static.

[0005] Traditional fiber optic cable organization units
include fiber optic shelves having a single patch panel or
multiple modular panels on the front patching side of the
shelf. It is desirable to provide patch panels having in-
creased connector port density, i.e., the number of loca-
tions or ports per unit volume of area for providing con-
nections. To this end, smaller sized connectors are in-
creasingly being utilized.

[0006] A variety of optical fiber connectors are availa-
ble, with the Subscriber Connector (SC) and the Lucent
Connector (LC) being the most common. The differences
among the types of connectors include dimensions and
methods of mechanical coupling. For instance, SC con-
nectors use a round 2.5 mm ferrule to hold a single fiber
and use a push-on/pull-off mating mechanism. The fer-
rule of an LC connector is half the size as that of an SC
connector, measuring only 1.25 mm. LC connectors use

(]

10

15

20

25

30

35

40

45

50

55

a retaining tab mechanism, which is similar to that found
on a household phone connector.

[0007] Indata communication and telecommunication
applications, small connectors, e.g., LC, are increasingly
replacing traditional connectors, e.g., SC. The main ad-
vantage of small connectors over larger sized connectors
is the ability to provide a higher number of fibers per unit
of rack space. Since the LC connector is roughly half the
size as the SC connector, the placement of almost twice
the number of connectors is possible within the same
amount of space by using the LC connector instead of
the SC connector.

[0008] However, there are disadvantages associated
with using smaller connectors. As more connectors are
placed within the same amount of space, accessing the
connectors which is often performed by hand may
present a challenge. Adult fingers typically have a diam-
eter of 16 mm to 20 mm. Some people may have larger
or misshapen fingers. Therefore, the use of small con-
nectors, such as the LC having a 1.25 mm diameter fer-
rule, may be especially problematic for technicians hav-
ing larger or less dexterous hands. Commonly, LC con-
nectors are held together in a duplex configuration with
a plastic clip. While holding smaller sized connectors in
aduplex configuration may make it easier for a technician
to access and/or remove LC connectors, it also means
thattwo connectors are necessarily affected by any given
servicing procedure.

[0009] There is a continuing need for new devices and
systems to facilitate accessing communication adapters
and/or cables supported by communication patching de-
vices and systems. For example, U.S. Patent No.
9,851,523 describes a communication system having a
hanger plate assembly with hanger plates hingedly cou-
pled to side walls on an inner housing of the system.

BRIEF SUMMARY

[0010] According to one aspect of the disclosure, a
communication system includes an outer housing, an in-
ner housing, a hanger plate assembly, and a plurality of
hangers. The outer housing has first and second side
walls. The inner housing is at least partially positioned
within the outer housing and has first and second side
walls and is configured to receive a plurality of patch pan-
el devices therein in a stacked arrangement. The hanger
plate assembly includes a plurality of hanger plates, the
plurality of hanger plates having opposing first and sec-
ond surfaces and including a first hanger plate hingedly
coupled to the first side wall of the inner housing. At least
one additional hanger plate is hingedly coupled to the
first hanger plate, and a terminal hanger plate is operably
coupled to the at least one additional hanger plate and
has a free edge. The plurality of hangers is connected to
the first surface of one of the plurality of hanger plates in
a stacked arrangement, each hanger adapted to support
a cable thereon. The hanger plate assembly has a pulled
out condition in which the hanger plate assembly is at
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least partially positioned outside the outer housing, and
a stored condition in which the hanger plate assembly is
fully positioned within the outer housing and the second
surface of the terminal hanger plate confronts the first
side wall of the inner housing.

[0011] The inner housing may include a plurality of
slots, each slot configured to receive one of the patch
panel devices therein. The hanger plate assembly may
include a number of hangers equal to or greater than a
number of patch panel devices received in the plurality
of slots. A plurality of cable retainers may be connected
to the first surface of a selected at least one of the plurality
of hanger plates excluding the first hanger plate. The
cable retainers may include a rounded portion extending
transversely from the first surface of the selected hanger
plate. The cable retainers may include a flat portion cou-
pled to and extending transversely from the rounded por-
tion. The selected hanger plate may be the terminal hang-
er plate. A cover may be hingedly coupled to the terminal
hanger plate, the cover being pivotable from a first posi-
tion exposing the cable retainers to a second position
overlying the cable retainers. The at least one additional
hanger plate may include an opening extending from the
first surface of the second surface of the at least one
additional hanger plate to allow a cable to pass through
the at least one additional hanger plate. A cable support
may have a first end coupled to the first surface of one
of the plurality of hanger plates and a second free end,
the second free end spaced a first distance from the first
surface of the one hanger plate when the hanger plate
assembly is in the pulled out condition, and a second
distance from the first surface of the one hanger plate
when the hanger plate assembily is in the stored condi-
tion, the first distance being greater than the second dis-
tance. The first end of the cable support may be rotatably
coupled to the first surface of the one hanger plate. The
cable support may have a telescopic configuration so
that the second free end of the cable support is translat-
able toward or away from the first end of the cable sup-
port. The selected hanger plate may include a first edge
that is translatable relative to a second edge of the se-
lected hanger plate. The cable retainers may be trans-
latable along the first surface of the selected hanger plate
from a first position to a second position, the cable re-
tainers being nearer a first edge of the selected hanger
plate in the first position, and nearer a second edge of
the selected hanger plate in the second position.
[0012] According to another aspect of the disclosure,
a communication system includes a housing, a hanger
plate assembly, and a plurality of hangers. The housing
has an open proximal face configured to receive a plu-
rality of patch panel devices therein in a stacked arrange-
ment. The hanger plate assembly includes a hanger plate
having opposing first and second surfaces, the hanger
plate extending from a first edge hingedly coupled to the
housing to a second free edge. The plurality of hangers
is connected to the first surface of the hanger plate in a
stacked arrangement, each hanger adapted to support

10

15

20

25

30

35

40

45

50

55

acable thereon. The hanger plate assembly has a stored
condition in which the first surface of the hanger plate at
least partially covers the open proximal face of the hous-
ing and an installation condition in which the first surface
of the hanger plate does not cover the open proximal
face of the housing.

[0013] The housing may include a plurality of slots,
each slot configured to receive one of the patch panel
devices therein. The hanger plate assembly may include
a number of hangers equal to or greater than a number
of patch panel devices received in the plurality of slots.
A plurality of cable retainers may be connected to the
first surface of the hanger plate between the hangers and
the second free edge of the hanger plate. The cable re-
tainers include a rounded portion extending transversely
away from the first surface of the hanger plate. The cable
retainers may include a flat portion coupled to the round-
ed portion extending toward a top or bottom edge of the
hanger plate. The hanger plate may include at least one
vertical slot in a top or bottom edge of the hanger plate
configured to allow cables to pass from the first surface
to the second surface of the hanger plate. The vertical
slot may be positioned between the plurality of hangers
and the first edge of the hanger plate, or between the
plurality of hangers and the second free edge of the hang-
er plate. In the stored condition of the hanger plate as-
sembly, the housing and the hanger plate may be collec-
tively substantially cylindrical. The hanger plate assem-
bly may include an additional hanger plate having oppos-
ing first and second surfaces, the additional hanger plate
extending from a first edge hingedly coupled to the hous-
ing to a second free edge, the first edge of the hanger
plate and the first edge of the additional hanger plate
being positioned on opposite sides of the open proximal
face of the housing. In the stored condition of the hanger
plate assembly, the first surface of the additional hanger
plate may at least partially overlie the second surface of
the hanger plate.

[0014] According to still another aspect of the disclo-
sure, a communication system includes a housing and a
hanger plat assembly. The housing may have first and
second side walls and a plurality of patch panel devices
received therein in a stacked arrangement. The hanger
plate assembly may include a first hanger plate and a
second hanger plate. The first hanger plate may have a
side edge hingedly coupled to the first side wall of the
housing, the first hanger plate including an exterior sur-
face and a plurality of first hangers attached to an interior
surface of the firsthanger plate in a stacked arrangement,
each of the first hangers adapted to support a cable ther-
eon. The second hanger plate may have a side edge
hingedly coupled to the second side wall of the housing,
the second hanger plate including a plurality of second
hangers attached to an interior surface of the second
hanger plate in a stacked arrangement, each of the sec-
ond hangers adapted to support a cable thereon. In a
stored condition of the hanger plate assembly, the interior
surface of the second hanger plate may confront front
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faces of the plurality of patch panel devices, and the in-
terior surface of the first hanger plate may confront an
exterior surface of the second hanger plate. In a mainte-
nance condition of the hanger plate assembly, the front
faces of the plurality of patch panel devices may be ex-
posed. The exterior surface of the first hanger plate may
have a convex curvature, which may extend along an
entirety of the exterior surface of the first hanger plate.
Theinterior surface and the exterior surface of the second
hanger plate may be substantially flat. The housing may
include a plurality of slots, each of the slots configured
to receive one of the patch panel devices therein. A
number of the plurality of first hangers may be equal to
or greater than a number of patch panel devices received
in the plurality of slots. The housing may include a frame
including a bottom and a top. The frame may be formed
of metal. The system may include a base configured to
be fixedly coupled to the bottom of the frame. The system
may include a cover adapted to couple to the base and
at least partially surround the frame when the hanger
plate assembly is in the stored condition. The top of the
frame may include a first top end extending a first dis-
tance beyond the first side wall, and a second top end
extending a second distance beyond the second side
wall. The cover may include a first interior guide slot
shaped to receive the first top end of the frame and a
second interior guide slot adapted to receive the second
top end of the frame, the first and second interior guide
slots being positioned on opposite sides of the cover.
When the first and second top ends of the frame are
received respectively within the first and second interior
guide slots of the cover, and the cover is coupled to the
base, the first side wall of the housing may be spaced a
third distance from a first adjacent portion of an interior
surface of the cover, and the second side wall of the
housing may be spaced a fourth distance from a second
adjacent portion of the interior surface of the cover. The
base may include at least one latch for latching the cover
to the base. The cover may include an exterior surface
having a bottom end with an upward facing hook, and
the at least one latch may include a lever member cou-
pled to ahook member, the hook member having adown-
ward facing hook adapted to engage the upward facing
hook of the cover. The lever member may be in contact
with an interior surface of the base. The lever member
may be pivotably coupled to the hook member and piv-
oting the lever member may draw the cover into engage-
ment with the base when the downward facing hook is
engaged with the upward facing hook. The base may
include a circumferential groove and a gasket member
positioned at least partially within the circumferential
groove. At least one of the base and the cover may in-
clude a circumferential groove and a gasket member po-
sitioned at least partially within the circumferential
groove, and the other of the base and the cover may
include a protrusion adapted to press against the gasket
member when the cover is assembled to the base. The
upward facing hook may include an interior surface con-
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tinuous with an interior surface of the cover, the interior
surface of the upward facing hook being in contact with
the gasket member when the cover is engaged with the
base. The system may include a cartridge rotatably cou-
pled to arear of the housing, the cartridge having a stored
condition and an access condition, wherein in the stored
condition, the cartridge and a rear portion of the housing
define a substantially closed interior space, and in the
access condition, the cartridge and the rear portion of
the housing define a substantially open interior space.
The housing may include a frame, and a first side hanger
may be coupled to a first side of the frame, the first side
hanger including a plurality of first protrusions for guiding
cables. A second side hanger may be coupled to a sec-
ond side of the frame opposite the first side, the second
side hanger including a plurality of second protrusions
for guiding cables. The system may also include a first
bar having a stored condition and a maintenance condi-
tion, the first bar positioned adjacent the side edge of the
first hanger plate and extending between a bottom of the
housing and a top of the housing in the stored condition
of the first bar, and the first bar extending from the first
side wall of the housing toward the second side wall of
the housing in the maintenance condition of the first bar.
The first bar may have a top end and a bottom end, the
first bar being pivotable about the top end to transition
the first bar from the stored condition of the bar to the
maintenance condition of the bar. A second bar may have
a stored condition and a maintenance condition, the sec-
ond bar positioned adjacent the side edge of the second
hanger plate and extending between the bottom of the
housing and the top of the housing in the stored condition
of the second bar, and the second bar extending from
the second side wall of the housing toward the first side
wall of the housing in the maintenance condition of the
second bar. The first bar and the second bar may each
have a top end and a bottom end, the first bar being
pivotable about the top end thereof to transition the first
bar from the stored condition to the maintenance condi-
tion, and the second bar being pivotable about the bottom
end thereof to transition the second bar from the stored
condition to the maintenance condition. In the stored con-
dition of the first bar, the hanger plate assembly may be
transitionable from the stored condition to the mainte-
nance condition. In the maintenance condition of the first
bar, the first bar may restrict the hanger plate assembly
from transitioning from the maintenance condition to the
stored condition. The firstbar may have a curved surface
shaped in accordance with a minimum bending radius
for an optical fiber. The plurality of first hangers may ex-
tend from a first end coupled to the first hanger plate to
a second end, the second end including a first portion
and a second portion, the first portion defining a lip, and
a latch member hingedly coupled to the second portion.
The first portion of a first one of the first hangers may be
aligned with the second portion of a second one of the
first hangers, the first one of the first hangers being ad-
jacent the second one of the first hangers. The latch
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member may include a latch feature having a shape com-
plementary to the lip. In a latched condition of a first one
of the first hangers, the latch feature of a latch member
coupled to the first one of the first hangers may be en-
gaged with the lip of a second one of the first hangers,
the first one of the hangers being adjacent to the second
one of the first hangers. The system may include a water
sensoroperably coupled to the housing, the water sensor
including a first sensor component having a front face
and a second sensor component having a frontface. The
water sensor may also include an optical fiber extending
along a nominal axis between the front faces of the first
sensor component and the second sensor component
so that a first portion of the optical fiber is adjacent the
front face of the first sensor component and a second
portion of the optical fiber is adjacent the front face of the
second sensor component. The first sensor component
and the second sensor component may be formed of a
material that swells upon contact with water so that the
first and second sensor components each have a first
size in a dry condition and a second size in a wet condi-
tion, the second size being larger than the first size. The
first and second sensor components may be configured
such that, in the dry condition, the first size of the first
and second sensor components is such that the first and
second sensor components do not extend not beyond
the nominal axis and the first and second portions of the
optical fiber are substantially straight, and in the wet con-
dition, the first and second sensor components having
the second size extend beyond the nominal axis such
that the first and second portions of the optical fiber are
substantially curved. A cable organizer may be coupled
to the interior surface of the first hanger plate in a position
between the side edge of the first hanger plate and a free
edge of the first hanger plate, the cable organizer having
a plurality of ribs having first portions positioned relatively
close to the side edge of the first hanger plate and second
portions positioned relatively close to the free edge of
the first hanger plate. Adjacent first portions of the ribs
may be spaced apart a first distance, and adjacent sec-
ond portions of the ribs may be spaced apart a second
distance smaller than the first distance. The plurality of
ribs may include a top-most rib and a bottom-most rib,
the second portion of the top-most rib extending in a di-
rection toward the bottom-most rib, the second portion
of the bottom-most rib extending in a direction toward the
top-most rib. The first portion of each rib may be sub-
stantially aligned with a corresponding one of the first
hangers. The cable organizer may define a plurality of
cable routing paths, each cable routing path being de-
fined by atleast one surface of one of theribs. Each cable
routing path may include a first portion relatively close to
the side edge of the first hanger plate and a second por-
tion relatively close to the free edge of the first hanger
plate, the first portions of adjacent cable routing paths
being spaced apart by a first distance, and the second
portions of adjacent cable routing paths being spaced
apartby a second distance smaller than the first distance.
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[0015] According to a further aspect of the disclosure,
acommunication system includes a first patch panel sys-
tem and a second patch panel system. The first patch
panel system may include a first housing and a first hang-
er plate assembly, and the second patch panel system
may include a second housing and a second hanger plate
assembly. The first housing may have first and second
side walls and a plurality of first patch panel devices re-
ceived therein in a stacked arrangement. The firsthanger
plate assembly may include a first hanger plate hingedly
coupled to the first side wall of the first housing, the first
hanger plate including an exterior surface and a plurality
of first hangers attached to an interior surface of the first
hanger plate in a stacked arrangement, each of the first
hangers adapted to support a cable thereon, and a sec-
ond hanger plate hingedly coupled to the second side
wall of the firsthousing, the second hanger plate including
a plurality of second hangers attached to an interior sur-
face of the second hanger plate in a stacked arrange-
ment, each of the second hangers adapted to support a
cable thereon. The first hanger plate assembly may in-
clude a stored condition in which the interior surface of
the second hanger plate confronts front faces of the plu-
rality of first patch panel devices, and the interior surface
of the first hanger plate confronts an exterior surface of
the second hanger plate, and the first hanger plate as-
sembly includes a maintenance condition in which front
faces of the plurality of first patch panel devices are ex-
posed. The second housing may have first and second
side walls and a plurality of second patch panel devices
received therein in a stacked arrangement. The second
hanger plate assembly may include a third hanger plate
hingedly coupled to the first side wall of the second hous-
ing, the third hanger plate including an exterior surface
and a plurality of third hangers attached to an interior
surface of the third hanger plate in a stacked arrange-
ment, each of the third hangers adapted to support a
cable thereon, and a fourth hanger plate hingedly cou-
pled to the second side wall of the second housing, the
fourth hanger plate including a plurality of fourth hangers
attached to an interior surface of the fourth hanger plate
in a stacked arrangement, each of the fourth hangers
adapted to support a cable thereon. The second hanger
plate assembly may include a stored condition in which
the interior surface of the fourth hanger plate confronts
front faces of the plurality of second patch panel devices,
and the interior surface of the third hanger plate confronts
an exterior surface of the fourth hanger plate, and the
second hanger plate assembly may include a mainte-
nance condition in which front faces of the plurality of
second patch panel devices are exposed. The first patch
panel system may be positioned adjacent the second
patch panel system and a rear of the first housing may
faces a rear of the second housing. The exterior surfaces
of the first and third hanger plates may each have a con-
vex curvature, and each convex curvature may extend
along an entirety of the respective exterior surface. The
system may include a base, a bottom of the first housing
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configured to be fixed to the base and a bottom of the
second housing configured to be fixed to the base. The
system may include a cover adapted to couple to the
base and at least partially surround the first housing and
the second housing when the first hanger plate assembly
is in the stored condition thereof and the second hanger
plate assembly is in the stored condition thereof.

[0016] According to yet another aspect of the disclo-
sure, acommunication systemincludes a housing having
a top wall, a bottom wall, and a rear wall. A plurality of
patch panel devices may be positioned within the housing
in a stacked arrangement. A hanger plate assembly may
be operably coupled to the housing and have a mainte-
nance condition in which front faces of the patch panel
devices are exposed and a stored condition in which the
front faces of the patch panel devices are concealed. At
least one hanging element may have a first portion cou-
pled to afirst portion of the housing and being configured
to contact a wire to suspend the communication system
from the wire. The at least one hanging element may
include a second end portion coupled to a second portion
of the housing, the at least one hanging element forming
a closed boundary with the housing. The hanger plate
assembly may include a first hanger plate and a second
hanger plate, the first hanger plate having a side edge
hingedly coupled to the housing, the first hanger plate
including an exterior surface having a convex curvature,
the second hanger plate having a side edge hingedly
coupled to the housing. In the stored condition of the
hanger plate assembly, an interior surface of the second
hanger plate may confront the front faces of the patch
panel devices, and an interior surface of the first hanger
plate may confront an exterior surface of the second
hanger plate. The hanger plate assembly may include a
single hanger plate having a bottom edge hingedly cou-
pled to the bottom wall of the housing. The at least one
hanging element may include two hanging elements, the
first portions of the two hanging elements coupled to the
top wall of the housing, the second portions of the two
hanging elements coupled to the rear wall of the housing.
[0017] According to another embodiment of the disclo-
sure, a system includes an output cable having a first
terminal end coupled to a splitter module, and a coupling
element coupled to a second terminal end of the output
cable opposite the first terminal end of the output cable.
A plurality of individual cables each have a first terminal
end and a second terminal end opposite the first terminal
end. The first terminal end of each of the plurality of in-
dividual cables may be coupled to the coupling element,
and the second terminal end of each of the plurality of
individual cables may be coupled to an output connector
for connecting to a secondary device. A plurality of optical
fibers may extend continuously from the splitter module,
through the output cable, and respectively through the
plurality of individual cables to the output connectors re-
spectively of the plurality of individual cables. Each indi-
vidual cable of the plurality of individual cables may have
a transverse cross-sectional area defined by an outer
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surface of each individual cable, and the output cable
may have a transverse cross-sectional area defined by
an outer surface of the output cable. A sum of the trans-
verse cross-sectional areas of the plurality of individual
cables may be greater than the transverse cross-section-
al area of the output cable. At least one input cable may
have a first terminal end coupled to the splitter module,
and at least one second terminal end opposite the first
terminal end. An input connector may be coupled to each
of the at least one second terminal ends of the at least
one input cable. One input optical fiber may extend con-
tinuously between each input connector and the splitter
module. Each of the at least one input cable may have
a single first terminal end and a single second terminal
end, or a single first terminal end and more than one
second terminal end. The output cable may have a di-
ameter at the outer surface thereof between about 2 mm
and about 5 mm. Each of the plurality of individual cables
may have a diameter at the outer surface thereofbetween
about 0.9 mm and about 1.6 mm. A communication sys-
tem may include a plurality of the systems described
above, wherein a total number of the output cables is
smaller than a total number of the plurality of individual
cables. In the communication system, a total number of
the at least one input cable may be less than or equal to
a total number of the input connectors. The total number
of the input connectors may be less than the total number
of the plurality of individual cables. The splitter modules
of the plurality of splitter module systems may be provid-
ed in a stacked configuration within a housing. A plurality
of patch panel cassettes may be provided in a stacked
configuration within the housing. At least some of the
output connectors of the plurality ofindividual cables may
be configured to attach to ports of the patch panel cas-
settes. Each of the splitter modules may be provided on
a splitter tray that is slidable with respect to the housing.
Each of the plurality of patch panel cassettes may be
slidable with respect to the housing.

[0018] According to an aspect ofthe disclosure, a com-
munication system for routing a signal from a signal pro-
vider to a signal subscriber includes an enclosure having
a top and a bottom. A first chassis may be positioned
within the enclosure, and a plurality of cassettes may be
slidably received within the first chassis. A second chas-
sis may be within the enclosure, the second chassis cou-
pled to the first chassis and positioned vertically adjacent
(e.g. above or below) the first chassis. The second chas-
sis may be adapted to receive a plurality of splitter cas-
settes having splitter modules therein. A base may be
positioned within the enclosure, the base coupled to the
second chassis and positioned vertically adjacent (e.g.
above or below) the second chassis, the base including
a panel that, together with a front face of the base, forms
a trough for storing cables extending between splitter
cassettes and the plurality of cassettes received within
the first chassis. A first panel may be coupled to a first
side of the first chassis and a second panel may be cou-
pled to a second side of the first chassis opposite the first
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side, the first panel having a first hanger unit positioned
thereon for supporting the cables and the second panel
having a second hanger unit positioned thereon for sup-
porting the cables.

[0019] According to another aspect of the disclosure,
acommunication system for routing a signal from a signal
providerto a signal subscriberincludes an enclosure hav-
ing a top and a bottom. A first chassis may be positioned
within the enclosure. A plurality of cassettes may be sli-
dably received within the first chassis. A second chassis
may be within the enclosure, the second chassis coupled
to the first chassis and positioned vertically adjacent (e.g.
above or below) the first chassis. The second chassis
may be adapted to receive a plurality of splitter cassettes
having splitter modules therein. A front face of the second
chassis may be positioned a spaced distance from a front
face of the first chassis so as to form a trough for storing
cables extending between splitter cassettes and the plu-
rality of cassettes received within the first chassis. A bot-
tom face of the second chassis may be positioned a
spaced distance from a top face of the first chassis so
that bottom edges of splitter cassettes received within
the second chassis are positioned a spaced distance
from the top face of the first chassis.

[0020] According to yet another aspect of the disclo-
sure, a communication system for routing a signal from
a signal provider to a signal subscriber includes an en-
closure having a top and a bottom. A first chassis may
be positioned within the enclosure, and a plurality of cas-
settes may be slidably received within the first chassis.
A second chassis may be positioned within the enclo-
sure, the second chassis positioned a spaced distance
from the first chassis and adapted to receive a plurality
of splitter cassettes having splitter modules therein. A
base may be positioned within the enclosure, the base
including a front portion and a rear portion extending a
distance above the front portion, the first chassis and
second chassis being coupled to the rear portion of the
base. A panel may be hingedly coupled to the front por-
tion of the base, so that a trough is formed by the panel,
the front portion of the base, and the rear portion of the
base, the trough adapted to store cables extending be-
tween splitter cassettes and the plurality of cassettes re-
ceived within the first chassis.

[0021] According to still a further aspect of the disclo-
sure, acommunication system may include a first chassis
and a second chassis. The first chassis may be adapted
to slidably receive therein a plurality of cassettes. A sec-
ond chassis may be coupled to the first chassis and may
be positioned vertically adjacent the first chassis. The
second chassis may be adapted to receive a plurality of
splitter cassettes having splitter modules therein. A base
may be coupled to the second chassis and may be po-
sitioned vertically adjacent the second chassis. The base
may include a trough panel that at least partially forms a
trough for storing cables extending from the splitter cas-
settes respectively to the plurality of cassettes. The sec-
ond chassis may be positioned beneath the first chassis,
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and the base may be positioned beneath the second
chassis. A first hanger unit may be coupled to a first side
of the first chassis, the first hanger unit including a plu-
rality of first hangers for supporting the cables. A second
hanger unit may be coupled to a second side of the first
chassis opposite the first side, the second hanger unit
including a plurality of second hangers for supporting the
cables. The first hanger unit may be coupled to a first
guide panel that is hingedly coupled to the first side of
the first chassis. The first guide panel may include a plu-
rality of fins each extending between a first end and a
second end, the plurality of fins configured to guide the
cables. The first ends of the plurality of fins may be po-
sitioned adjacent a first side wall of the first chassis and
extend to the second ends in a direction away from the
first side wall and toward the trough. The plurality of fins
may include a first fin, a second fin, and a third fin. The
first end of the first fin may be positioned adjacent a top
of the first chassis. The first end of the second fin may
be positioned between the first end of the first fin and the
second chassis, and the second end of the second fin
may be positioned closer to the first side of the first chas-
sis than is the second end of the first fin. The first end of
the third fin may be positioned between the first end of
the second fin and the second chassis, and the second
end of the third fin may be positioned closer to the first
side of the first chassis than is the second end of the
second fin. A first group of the cassettes may be posi-
tioned adjacent the top of the first chassis, a second
group of the cassettes are positioned beneath the first
group of cassettes, and a third group of the cassettes
may be positioned beneath the second group of cas-
settes. The first end of the first fin may be positioned
adjacent a top of the first group of the cassettes, the first
end of the second fin may be positioned adjacent a top
of the second group of the cassettes, and the first end of
the third fin may be positioned adjacent a top of the third
group of the cassettes. The trough panel may be coupled
to the base. The trough panel may include a first panel
face extending in a first direction substantially parallel to
a front face of the first chassis from a first side end to a
second side end. The trough panel may include a first
side panel extending from the first side end of the first
panel face in a second direction substantially orthogonal
the first direction. The trough panel may include a second
side panel extending from the second side end of the first
panel face in the second direction. The system may in-
clude an enclosure housing the first chassis and the sec-
ond chassis. The second chassis may include a first sec-
tion having an interior volume and a second section hav-
ing an interior volume, the interior volumes of the first
section and the second section being separated by at
least one wall, the first section configured to receive a
first group of the splitter cassettes, the second section
configured to receive a second group of the splitter cas-
settes.

[0022] According to a further aspect of the disclosure,
acommunication system may include a first chassis hav-
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ing first and second side walls and adapted to slidably
receive therein a plurality of cassettes. A first cable hang-
er assembly may have a first side edge hingedly coupled
to the first side wall of the first chassis, the first cable
hanger assembly including a plurality of first hangers
adapted to support cables thereon. An axis of rotation of
the first cable hanger assembly may be substantially or-
thogonal to a direction in which the plurality of cassettes
are slideable. A second cable hanger assembly may
have a second side edge hingedly coupled to the second
side wall of the first chassis, the second cable hanger
assembly including a plurality of second hangers adapted
to support cables thereon. An axis of rotation of the sec-
ond cable hanger assembly may be substantially orthog-
onal to the direction in which the plurality of cassettes
are slideable. The first and second cable hanger assem-
blies may each be rotatable from a first position to a sec-
ond position so that during rotation from the first position
to the second position, the pluralities of first and second
hangers, respectively, move toward front faces of the plu-
rality of cassettes, thereby providing access to sides or
rear portions of the communication system, and thereby
providing access to cables supported by the plurality of
first and second hangers, respectively. In an embodi-
ment, a second chassis may be coupled to the first chas-
sis and positioned vertically adjacent the first chassis,
the second chassis adapted to receive a plurality of split-
ter cassettes having splitter modules therein. In that em-
bodiment, a base may be coupled to the second chassis
and positioned vertically adjacent the second chassis,
the base including a trough panel that at least partially
forms atrough for storing cables extending from the split-
ter cassettes respectively to the plurality of cassettes.
The second chassis may be positioned beneath the first
chassis, and the base may be positioned beneath the
second chassis. The plurality of firsthangers may be cou-
pled to a first guide panel of the first cable hanger as-
sembly, the first guide panel including a plurality of fins
each extending between a first end and a second end,
the plurality of fins configured to guide the cables. The
first ends of the plurality of fins may be positioned adja-
cent the first side wall of the first chassis and extend to
the second ends in a direction away from the first side
wall and toward a bottom of the first chassis. The plurality
of fins may include a first fin, a second fin, and a third fin.
The first end of the first fin may be positioned adjacent a
top of the first chassis. The first end of the second fin
may be positioned between the first end of the first fin
and the bottom of the first chassis, and the second end
of the second fin may be positioned closer to the first side
wall of the first chassis than is the second end of the first
fin. Thefirstend of the third fin may be positioned between
the first end of the second fin and the bottom of the first
chassis, and the second end of the third fin may be po-
sitioned closer to the first side wall of the first chassis
than is the second end of the second fin. A first group of
the cassettes may be positioned adjacent the top of the
first chassis, a second group of the cassettes may be
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positioned beneath the first group of cassettes, and a
third group of the cassettes may be positioned beneath
the second group of cassettes. The first end of the first
fin may be positioned adjacent a top of the first group of
the cassettes, the first end of the second fin may be po-
sitioned adjacent a top of the second group of the cas-
settes, and the first end of the third fin may be positioned
adjacent a top of the third group of the cassettes. A first
side hanger may be coupled to the first side wall of the
first chassis, the first side hanger including a plurality of
first protrusions adapted to guide cables. The first cable
hanger assembly may be rotatable a maximum of about
180 degrees about the axis of rotation. The plurality of
cassettes may include patch panel cassettes and storage
cassettes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] By way of description only, embodiments of the
presentdisclosure will be described herein with reference
to the accompanying drawings, in which:

Fig. 1A is a front perspective view of a communica-
tion patching system including multiple patch panel
devices shown in a first state;

Fig. 1B is the communication patching system of Fig.
1A shown in a second state;

Fig. 1C is a front perspective view of a housing and
cable trough, without a patch panel device placed
therein;

Fig. 2A is one of the patch panel devices of Fig. 1A
shown in a first state;

Fig. 2B is the patch panel device of Fig. 2A shown
in a second state;

Fig. 2C is an enlarged view of the indicated area of
Fig. 2B;

Fig. 3Ais a perspective view of another embodiment
of a patch panel device including a plurality of at-
tachment members;

Fig. 3B is a perspective view of the patch panel de-
vice of Fig. 3A in which cables have been separated
from one of the attachment members;

Fig. 3Cis a perspective view of one of the attachment
members of Fig. 3A shown in a first condition;

Fig. 3D is a perspective view of one of the attachment
members of Fig. 3A shown in a second condition;
Figs. 4A-C are top cutaway views of a cable man-
agement system having a cable guide in different
states of operation;

Fig. 4D is a perspective view of the cable manage-
ment system of Figs. 4A-C;

Fig. 5A is an enlarged perspective view of the cable
guide of Figs. 4A-C;

Fig. 5B is an enlarged perspective disassembled
view of the cable guide of Figs. 4A-C;

Fig. 5C is a top view of a portion of the cable guide
of Figs. 4A-C;

Fig. 5D is a rear perspective view of a portion of the
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cable guide of Figs. 4A-C;

Fig. 6Ais a perspective view of a portion of the cable
guide of Figs. 4A-C with cable retaining features;
Fig. 6B is a cross-section of a portion of the cable
guide of Figs. 4A-C with alternative cable retaining
features;

Fig. 6C-D are top and perspective views, respective-
ly, of an alternate embodiment of the cable guide of
Figs. 5C-D;

Fig. 6E is a cross-section of a portion of the cable
guide of Fig. 6D at line E-E in an exemplary installed
state;

Fig. 7 is a perspective view of the cable management
system of Figs. 4A-C showing additional cable rout-
ing features;

Fig. 8A is an exploded view of a cassette for use in
a cable management system;

Fig. 8B is a perspective view of the cassette of Fig.
8A in a first state;

Fig. 8C is a perspective view of the cassette of Fig.
8B in a second state;

Fig. 8D is a cross-section of a portion of the cassette
of Fig. 8A at line 8-8 indicated on Fig. 8B;

Fig. 8E is a cross-section of the portion of the cas-
sette shown in Fig. 8D with an insert component pro-
vided therein;

Fig. 9A is a perspective view of a chassis for use
with cassettes such as that shown in Fig. 8A;

Fig. 9B is a perspective view of the chassis of Fig.
9A with cassettes positioned therein;

Figs. 10A-B are perspective and top views, respec-
tively, of a patch panel system with a hanger plate
assembly in a stored condition;

Fig. 10C is a top view of the hanger plate assembly
of Fig. 10A;

Fig. 10D is an enlarged perspective view of a portion
of the hanger plate assembly of Fig. 10A;

Figs. 10E-F are perspective and top views, respec-
tively, of the patch panel system of Fig. 10A with the
hanger plate assembly in an intermediate position;
Figs. 10G-H are perspective and top views, respec-
tively, of the patch panel system of Fig. 10A with the
hanger plate assembly in a pulled out condition;
Figs. 101-J are top views of the patch panel system
of Fig. 10A illustrating an exemplary installed con-
figuration of components of the system;

Figs. 11A-B are perspective and top views, respec-
tively, of a patch panel system with a hanger plate
assembly in a stored condition according to an alter-
nate embodiment;

Fig. 11C is a top view of the hanger plate assembly
of Fig. 11A in a stored condition;

Fig. 11D is a perspective view of the hanger plate
assembly of Fig. 11A in a pulled out condition;
Figs. 11E-F are top and perspective views, respec-
tively, of the patch panel system of Fig. 11A with the
hanger plate assembly in a transition position;
Figs. 11G-H are top and perspective views, respec-
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tively, of the patch panel system of Fig. 11A with the
hanger plate assembly in a pulled out condition;
Fig. 12is perspective view of an alternate patch pan-
el system with two hanger plate assemblies in a
pulled out condition;

Fig. 13Ais a perspective view of another patch panel
system with two hanger plate assemblies in a stored
condition;

Fig. 13B is a perspective view of the patch panel
system of Fig. 13A in a pulled out condition;

Fig. 13C is a top view of the patch panel system of
Fig. 13Ain a pulled out condition with portions of the
housing of the patch panel system omitted;

Fig. 13D is a perspective front view of the patch panel
system of Fig. 13Ain a stored condition with portions
of the housing of the patch panel system omitted;
Fig. 13E is a perspective rear view of the patch panel
system of Fig. 13Ain a stored condition with portions
of the housing of the patch panel system omitted;
Fig. 13F is a top view of the patch panel system of
Fig. 13A in a stored condition with portions of the
housing of the patch panel system omitted;

Fig. 13G is an isolated perspective view of a plate
guide and locking element for guiding and locking
the hanger plate assembly to the stored condition;
Figs. 14A-B are schematic views of a portion of the
patch panel system of Fig. 13A with a hanger plate
assembly in the pulled out condition and the stored
condition, respectively;

Figs. 14C-D are schematic views of the hanger plate
assembly of Figs. 14A-B in the pulled out and stored
condition, respectively, with a first modification;
Figs. 14E-F are schematic views of the hanger plate
assembly of Figs. 14A-B in the pulled out and stored
condition, respectively, with a second modification;
Figs. 14G-H are schematic views of the hanger plate
assembly of Figs. 14A-B in the pulled out and stored
condition, respectively, with a third modification;
Fig. 15A is a perspective view of another embodi-
ment of a patch panel system with hanger plate as-
semblies in an open condition;

Fig. 15B is a top view of a cassette of the patch panel
system of Fig. 15A;

Figs. 15C-D are perspective and top views, respec-
tively, of the patch panel system of Fig. 15A with
hanger plate assemblies in a stored condition;
Figs. 16A-B are schematic illustrations comparing
cable bend angles of the patch panel systems of
Figs. 13Aand 15A in the stored condition of the hang-
er plate assemblies, respectively;

Fig. 17 is a perspective view of a cover for use with
the patch panel system of Fig. 15A;

Fig. 18 is a perspective view of a modified version
of the patch panel system of Fig. 15A;

Figs. 19A-D are exploded perspective views of a
patch panel system with hanger plate assemblies in
a maintenance condition according to another as-
pect of the disclosure;
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Figs. 20A-D are perspective views of the patch panel
system of Figs. 19A-D with hanger plate assemblies
in the maintenance condition;

Figs. 21A-B are perspective views of side hangers
of the patch panel system of Figs. 19A-D;

Figs. 21C-E are cross-sections of different options
of coupling a frame to a base of the patch panel sys-
tem of Figs 19A-D;

Fig. 21F is a perspective view of a bracket for use
with the patch panel system of Figs. 19A-D;

Fig. 21G illustrates an exemplary gasket for use in
providing at a port of the patch panel system of Figs.
19A-D through which a cable may pass;

Fig. 21H illustrates the gasket of Fig. 21G in an in-
stalled state;

Fig. 21l illustrates an alternate gasket for use in an
alternate port similar to that shown in Fig. 21H;
Figs. 21J-M illustrate the use of biasing members
with gaskets similar to that of Fig. 21G arranged to
maintain a seal over time;

Fig. 22A is a cross-section of a cover for use with
the patch panel system of Figs. 19A-D;

Fig. 22B is a cross-section of the cover of Fig. 22A
taken along a different plane;

Fig. 23A is a perspective view of a hanger unitin an
open or unlocked condition for use with the patch
panel system of Figs. 19A-D;

Figs. 23B-C are perspective views of the hanger unit
of Fig. 23A in a closed or locked condition;

Figs. 24A-B are bottom perspective views of a cover
latched to a base of the patch panel system of Figs.
19A-D;

Fig. 24C is a cross-section of one example of a latch
shown in Figs. 24A-B;

Fig. 24D is a cross-section of another example of a
latch shown in Figs. 24A-B;

Fig. 24E is a cross-section of a latch of Figs. 24A-B
showing two different positioning options of the latch;
Figs. 24F-G are side and cross-sectional views, re-
spectively, of another example of a latch for use in
latching the cover to the base;

Figs. 24H-I are cross-sections of another example
of a cover and a base in an unlatched and latched
condition, respectively;

Figs. 24J-K are cross-sections of a further example
of a cover and a base in an unlatched and latched
condition, respectively;

Fig. 24L is a perspective view of another example of
a latch for use in latching a cover to a base;

Fig. 24M is a perspective view of a further example
of a latch for use in latching a the cover to a base;
Fig. 24N is a perspective view of an example of a
fastener system that may be used to seal a cover to
a base in an unfastened condition;

Fig. 240 is a perspective view of the fastener system
of Fig. 24N in a fastened condition;

Fig. 25A is a perspective view of a bar accessory for
use with the patch panel system of Figs. 19A-D, the
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bar accessory positioned in a stored or installed con-
dition;

Fig. 25B is a perspective view of the bar accessory
of Fig. 25A in an open or maintenance condition;
Fig. 25C is a top view of the bar accessory of Fig.
25A in the stored condition, with corresponding
hanger plates shown in open and closed conditions;
Fig. 25D is an isolated perspective view of one of
the bar accessories of Fig. 25A;

Fig. 26A is a perspective view of a water sensor for
use with the patch panel system of Figs. 19A-D;
Fig. 26B is a top view of the water sensor of Fig. 26A
in a dry condition;

Fig. 26C is a top view of the water sensor of Fig. 26A
in a wet condition;

Fig.27Ais a perspective view of a double patch panel
system with hanger plates in an open or mainte-
nance condition, the system including two patch pan-
el systems similar to those shown in Figs. 19A-D;
Fig. 27B is a perspective view of the double patch
panel system of Fig. 27A with hanger plate assem-
blies in a closed or installed condition and supported
on a sliding shelf;

Fig. 28A is a perspective view of two individual cas-
settes of the patch panel system of Figs. 19A-D;
Fig. 28B is an isolated perspective view of a cable
disconnected from a storage rack;

Fig. 28C is an isolated perspective view of a cable
connected to the storage rack of Fig. 28B;

Fig. 28D is an isolated perspective view of a cable
disconnected from an alternate version of a storage
rack;

Fig. 28E is a schematic view of a plurality of splitter
modules having cables extending therefrom;

Fig. 28F is a schematic view of a plurality of splitter
modules similar to Fig. 28E with an output cable ex-
tending from each of the splitter modules;

Fig. 28G is a schematic view of a coupling between
one of the output cable of Fig. 28F and a plurality of
individual cables exiting the coupling;

Fig. 28H is a schematic view of splitter modules sim-
ilar to those shown in Fig. 28F illustrating additional
input cables to the splitter modules;

Fig. 29A is a perspective view of a recording sheet
attached to the patch panel device of Figs. 19A-D,
the recording sheet in a stored condition;

Fig. 29B is a perspective view of the recording sheet
of Fig. 29A in a stored condition;

Fig. 30A is a perspective view of a patch panel sys-
tem with hanger plates in a stored or installed con-
dition according to another aspect of the disclosure;
Fig. 30B is a perspective view of the patch panel
system of Fig. 30A with hanger plates in an open or
maintenance condition;

Fig. 31A is a perspective view of a patch panel sys-
tem with a hanger plate in a stored or installed con-
dition according to yet another aspect of the disclo-
sure;
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Fig. 31B is a perspective view of the patch panel
system of Fig. 31A with the hanger plate in an open
or maintenance condition;

Fig. 31C is a perspective view of a further embodi-
ment of a patch panel system similar in certain re-
spects to the system of Fig. 31A;

Fig. 32A is a perspective view of yet another embod-
iment of a patch panel system with hanger plates in
an open or maintenance condition;

Fig. 32B is a perspective view of a patch panel sys-
tem similar to the patch panel system of Fig. 32A
with slidable hanger assemblies;

Fig. 32C is a perspective view of a patch panel sys-
tem similar to the system of Fig. 32B with hanger
assemblies that move in unison;

Fig. 32D is a partial view of an alternate version of
a hanger assembly that may be used in place of the
hanger assemblies of Figs. 32B-C;

Figs. 33A-33B are front and perspective isolated
views, respectively, of a cable organizer for use with
patch panel systems of the present disclosure;
Figs. 33C-D are views of the cable organizer of Figs.
33A-B in use with the patch panel system of Figs.
19A-D, without and with cables, respectively;

Fig. 34 is a perspective view of a communication
system according to another embodiment of the dis-
closure;

Fig. 35 is a front view of a communication system
according to a further embodiment of the disclosure;
Fig. 36A is a perspective view of a communication
system according to yet another embodiment of the
disclosure;

Fig. 36B is a perspective view of the communication
system of Fig. 36A with certain additions and alter-
ations;

Fig. 36C is a schematic view of certain cables cou-
pled to and guided by components of the system of
Fig. 36B;

Fig. 36D is another perspective view of the system
of Fig. 36B;

Fig. 36E is a perspective view of the system of Fig.
36D with a hanger unit on a cable guide in a different
position than shown in Fig. 36D;

Figs. 36F-G are views of the system of Fig. 36G
mounted within an example of a housing;

Fig. 36H is a perspective view of a chassis of the
system of Fig. 36B with splitter cassettes received
therein;

Fig. 36l is a perspective view of a chassis similar to
that shown in Fig. 36H with a locking bar in an un-
locked position;

Fig. 36J is a perspective view of the chassis of Fig.
361 with the locking bar in a locked position;

Fig. 36K is a perspective view of an example of one
of the splitter cassettes of Fig. 36H; and

Figs. 37A-C are various views of a hanger unit ac-
cording to another aspect of the disclosure.
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DETAILED DESCRIPTION

[0024] Particular embodiments of the present disclo-
sure are described with reference to the accompanying
drawings. In the figures and in the description that follow,
in which like reference numerals identify similar or iden-
tical elements, the term "proximal" refers to the end of
the device that is closest to the operator or user during
use, while the term "distal" refers to the end of the device
that is farther from the operator or user during use.
[0025] Now referring to Figs. 1A-C, a communication
patching system 100 may include a housing 2, e.g., a
rack or a cabinet. The housing 2 may define a length L,
a height H, and a width WI. The housing 2 may support
one or more patch panel devices 110, with each device
110 held in vertical alignment with a guide rail 2b (Fig.
1C), a plurality of which may also be disposed in vertical
alignment along at least one side of the housing 2. A
cable trough 4 may be positioned adjacent to the housing
2, for example at a proximal corner, a distal corner, or
intermediate the proximal and distal corners. The cable
trough 4, which may be attached to the frame of the sys-
tem 100 (which may include, e.g., poles, walls, and other
supports), may be configured to receive therein a plurality
of cables C extending vertically therethrough. The cable
trough 4 may take any suitable form to house and guide
cables including, for example, a plurality of guide rings,
a groove or other hollow passageway.

[0026] Each patch paneldevice 110 may include a plu-
rality of adapters or ports 7, each port 7 having a recep-
tacle 5 for securing a cable C (Fig. 1B) therein. The re-
ceptacle 5 of the port 7 may be operatively coupled to
one or more cables C, e.g., the receptacle 5 may be in
a simplex or in a duplex configuration. The port 7 may
include a mounting portion 51 that frames the port 7 and
facilitates securing of the port 7, or the receptacle 5, to
connection means, e.g., rails 41, 43 (Fig. 2C). In some
embodiments, the mounting portion 51 of the port 7 may
be integrally formed with the port 7 or may be a separate
component coupled to the receptacle 5, and in some em-
bodiments the mounting portion 51 may form a part of a
connection means to which the receptacle 5 is connect-
ed, as described below.

[0027] The patch panel device 110 may include a tab
11 on either end of the patch panel device 110 to facilitate
a user grasping or handling of the patch panel device
110. The density of the number of ports 7 supported by
the housing 2 may be a function of the dimensions of the
housing 2. As shownin Fig. 1A, the ports 7, each of which
has a width x and a height y, may be arranged in rows
and columns in which the number of rows of ports 7 is
directly correlated to the height H and the number of col-
umns of ports 7 is directly correlated to the width WI.
[0028] The communication patching system 100 may
be transitionable between a first state (Fig. 1A) and a
second state (Fig. 1B). In the first state, the one or more
patch panel devices 110 may be positioned at a first lo-
cation with respect to the proximal end or face P of the
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housing 2. As shown in Fig. 1A, the patch panel devices
110 may be substantially flush with respect to the face P
of the housing 2. In the second state, one or more of the
patch panel devices 110 may be disposed proximally in
the direction of arrow Z away from the proximal end or
face P of the housing 2. As the patch panel device 110
is moved proximally, the ports 7 may be transitioned to
be spaced apart from one another by a gap or spacing
distance d (Fig. 1B).

[0029] The patch panel device 110 may be transition-
able between first and second states, as shown best in
Figs. 2A and 2B respectively. The patch panel device
110 may include bars 19, which facilitate mounting of the
patch panel device within the housing 2 by securing one
of the bars 19 on each of opposite sides 2a of the housing
2. A hinged arm member 114, which includes a first arm
section 21 and a second arm section 31, may be slidably
connected to the bar 19. The first arm section 21 may
include a slot 25 which is configured and adapted to re-
ceive a pin 27 therethrough. The pin 27 may secure the
first arm section 21 to the bar 19 while permitting the first
arm section 21 to slide relative to the bar 19 along the
length of slot 25. The first arm section 21 and the second
arm section 31 of the hinged arm 114 may be pivotably
connected to one another by a hinge 33, thereby facili-
tating the rotation of the second arm section 31 relative
to the first arm section 21.

[0030] The ports 7 may be operably coupled to a con-
nection means 16. As the connection means 16 transi-
tions from a first length equal to width WI (Fig. 2A) to a
second, expanded width W2 (Fig. 2B), the ports 7 may
move, or be moveable, to be positioned in a spaced apart
relation. In an embodiment, the ports 7 are spaced apart.
The ports 7 may be equidistantly spaced apart by equal
gaps or spacing distances d. However, the spacing dis-
tances d between adjacent ports 7 may differ, i.e., be
non-uniform, in the second state. In addition, individual
ports 7 may be slid or moved along the length of the
connection means 16, thereby facilitating adjustment of
the gap or spacing distances d between adjacent ports
7 as desired by a user.

[0031] Itis contemplated that the hinged arm member
114 may include a lip (not shown) that interacts with a
groove (not shown) defined within the bar 19 along a
portion or substantially the entire length of the bar 19 to
provide added stability and controlled movement of the
hinged arm member 114 relative to the bar 19.

[0032] AsshownbestinFig.2C, the connection means
16 may include one or more telescopic rails 41, 43 that
are slidable to adjust the overall length of the connection
means 16. Although shown in Fig. 2C as having two par-
allel rails 41, 43, a single rail may be used. It should be
noted that the greater the overall length of the connection
means 16, the greater the gap or spacing distance d
achievable between adjacent ports 7. Each of the parallel
rails 41, 43 may include alternating sections 41a, 41b
and 43a, 43b respectively. Sections 41a, 43a may be
configured and adapted to slide within sections 41b, 43b
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respectively, where the ports 7 may be coupled to the
sections 41b, 43b, to effect lengthening or shortening of
the connections means 16. A resilient or biasing member
(not shown) may be placed within a hollowed out center
of each of the rails 41, 43 to bias the connection means
16 to one of the first or second dimensions WI, W2, re-
spectively.

[0033] The sections 41b, 43b may define an open cir-
cumference such that the ports 7 will not obstruct move-
ment of the alternating sections 41a, 41b and 43a, 43b
relative to one another such that the ports 7 may be
moved in closer proximity to one another. In addition, the
lengths of the alternating sections 41a, 41b and 43a, 43b
may be selected to facilitate placement of the ports 7 in
close proximity to one another, such that adjacent ports
contact each other. Each port 7 may be secured to the
rails 41,43 in a variety of ways or may be integrally formed
with the rails 41, 43. It is contemplated that in other em-
bodiments, the rails 41, 43 may be substituted with dif-
ferent connection means. In an embodiment, the rails 41,
43 may be substituted with elastic bands. A variety of
other configurations may be used to effect lateral, angu-
lar, or other spacing between ports in a patch panel de-
vice to increase access to the ports, such as those de-
scribed in greater detail in U.S. Patent Publication Nos.
2014/0355217, 2014/0357118, and 2014/0354/31.
[0034] For example, another embodiment of a patch
panel device is described with reference to Figs. 3A-3D.
A patch panel device 210 may include a plurality of at-
tachment members 232 that are positioned adjacent to
one another. Each attachment member 232 may include
a movable member 246, which is rotatable or pivotable
relative to a movable member of another attachment
member 232. The movable members 246 of adjacent
members 232 may be operatively coupled to one another
to permit rotation of one of the movable members 246
relative to the other movable member. In an embodiment,
the movable members 246 may be coupled to one an-
other in a snap-fit connection that permits radial move-
ment of the movable members 246 relative to one anoth-
er. At least two securement members 244 may be se-
cured to opposing ends of the plurality of attachment
members 232 and secure the attachment members 232
to a tray 231. In another embodiment, a securement
member 244 may be positioned between each of the
movable members 246. Each of the movable members
246 may be operatively coupled to one or more cables
C1, which are shown only in part. The movable member
246 may include a cable adapter or connector 249, which
may include a front surface 249a that may be operatively
coupled to one cable C1 and a back surface 249b that
may be operatively coupled to another cable C1. The
movable member 246 may include a receptacle 247 in
which the connector 249 may be releasably secured such
that the connector 249 may be separated from the at-
tachment member 232.

[0035] The movable members 246 may be positioned
spaced a distance from an edge 231a of the tray 231 to
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permit the movable members 246 to rotate relative to the
tray 231. In one embodiment, the tray 231 may include
a cut-out (not shown) at the movable members 246 to
facilitate a range of movement of the movable members
246 relative to the tray 231. The tray231 may have an
axis z extending along its length, an axis y extending
along its height, and an axis x extending its width. The
securement member 244 may be coaxially aligned with
the axis z extending along the length of the tray 231. A
plurality of securement members 244 may be positioned
in a row extending along axis x along the width of the tray
231.

[0036] AsshowninFigs.3C-3D,the securement mem-
ber 244 and a movable member 246 of the attachment
member 232 may be pivotably connected to one another
at a pivot point 248 such that the movable member 246
may be radially moved relative to the securement mem-
ber 244 to define an angle G therebetween. In particular,
the movable member 246 may radially pivot between the
y and z axes and the angle G may be defined therebe-
tween. When secured to the tray 231, the movable mem-
ber 246 may pivot in a counter-clockwise direction T, but
may be inhibited from pivoting in the opposite, clockwise
direction by the tray 231. However, as discussed above,
cut-outs in the tray 231 may reduce the interaction be-
tween the tray 231 and the movable member 246 to fa-
cilitate a greaterrange of movement of the movable mem-
ber 246 with respect to the tray 231. In an embodiment,
the angle G may be adjusted within a range between
about 0 and about 135 degrees. In another embodiment,
the angle G may be adjusted within a range between
about 0 and about 90 degrees. For example, in one em-
bodiment, the movable members 246 may be movable
relative to one anotherto transition the patch panel device
210 between a first condition in which front surfaces 251
of the movable members 246 are substantially coplanar,
and adjacent ones of the members 246 are spaced apart
a first distance or contact each other, and a second con-
dition in which the front surfaces 251 of respective adja-
cent members 246 are in different planes in accordance
with the angle G that one of the adjacent members 246
is pivoted or rotated relative to the other adjacent mem-
bers 246, where the other member 246 may or may not
be at the same position as in the first condition.

[0037] A plurality of patch panel devices 210 may also
be supported within housing 2 (see Figs. 1A-C), and may
be translatable into or outfrom the housing 2 in a direction
along axis z. Once spaced apart from the housing 2, the
movable member 246 may be pivoted with respect to the
securement member 244, thereby spacing the surfaces
249a, 249b of the connector 249 from any adjacent con-
nector 249 such that the cables C1 may be more acces-
sible and readily grasped by a user to detach the cable
C1 from the cable adapter or connector 249 of the mov-
able member 246 (as shown in Fig. 3B).

[0038] As noted above in connection with Figs. 1A-C,
a number of cables C may be coupled to ports 7 of a
particular patch panel device, with the cables C extending
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vertically through cable trough 4. A number of systems
for routing and managing cables C of patch panel sys-
tems are described below.

[0039] One embodiment of a cable management sys-
tem 300 is shown in Figs. 4A-D. Cable management sys-
tem 300, as well as other embodiments of cable man-
agements systems described herein, may be used with
any suitable patch panel device, including suitable de-
vices described herein and suitable devices described in
U.S. Patent Publication Nos. 2014/0355217,
2014/0357118, and 2014/0354131. Cable management
system 300 is illustrated in Figs. 4A-D as being used with
a patch panel device 310 similar to patch panel device
210, with certain differences described in greater detail
below. The cable management system 300 may include
one or more cable guides 400 having a fixed position in
relation to housing 2. In the embodiment shown in Figs.
4A-D, cable management system 300 includes cable
guides 400 mounted to each side of housing 2, although
any configuration in which one or more cable guides 400
have a fixed position relative to housing 2 may be suita-
ble. Cables C may be routed from ports 7, through or via
cable guide 400, and to cable trough 4 (or any other suit-
able cable destination) so that as a tray 331 to which
ports 7 are attached is pulled out of housing 2, a suitable
amount of slack is maintained in cables C at different
positions of tray 331. Prior to describing the function of
cable guides 400 in more detail, the structure of an ex-
emplary cable guide 400 is described in connection with
Figs. 5A-D.

[0040] Fig. 5A shows an enlarged partial view of a lat-
eral side of cable management system 300. In particular,
three trays 331 carrying ports 7 within housing 2 are
shown adjacent cable guide 400. In the illustrated em-
bodiment, cable guide 400 includes a mounting arm 410
fixedly mounted to housing 2. In addition, the cable guide
may include a shelving unit having a plurality of shelves
420 positioned at a front end portion of cable guide 400.
Shelves 420 may include substantially flat top and bottom
surfaces, although other configurations which allow ca-
bles C to rest upon the shelves 420 may be suitable. In
one embodiment, cable guide 400 may include a pair of
adjacent shelves 420 for each tray 331 connected to ca-
bles C, each adjacent pair of shelves 420 being spaced
apart by a vertical distance substantially similar to the
vertical distance between adjacent trays 331. Each ad-
jacent pair of shelves 420 may be substantially open at
a front portion and side portions, and connected, or oth-
erwise bounded by, a rear or distal surface 422. Each
distal surface 422 may be rounded, preferably with a con-
vex curvature, so that a cable C extending along the sur-
face 422 has a desired minimum bending radius along
the surface.

[0041] As shown in Fig. 5B, mounting arm 410 may
include a bracket 412 with a plurality of apertures 414 for
coupling to a device such as cable trough 4, or for mount-
ing to a chassis assembly or other components that may
be used in conjunction with cable management system
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300. Bracket 412 may also include fasteners 416, such
as bolts or pins, extending proximally from the bracket
412 to facilitate coupling the shelving unit to mounting
arm 410. For example, one or more of surfaces 422 be-
tween adjacent shelves 420 may include apertures 426,
best shown in Fig. 5D, shaped to mate with fasteners
416 so that the shelving unit may be quickly and securely
coupled to bracket 412. One or more of the shelves 420
may include an aperture 428 (see Fig. 5C) extending
therethrough for coupling accessories, such as hook and
loop fasteners, to the shelf 420. Examples of these ac-
cessories are described in greater detail below in con-
nection with Fig. 6B. It should be noted that although
mounting arm 410 and shelves 420 are illustrated as sep-
arate components, the components may be provided as
anintegral unit. Similarly, although three pairs of adjacent
shelves 420 in connection with mounting arm 410, larger
or smaller mounting arms may be provided to support a
greater or fewer number of pairs of shelves 420. Still fur-
ther, depending on the number of trays 331 in cable man-
agement system 300, as many cable guides 400 as de-
sired may be stacked vertically to provide suitable guid-
ance for sets of cables C connected to each tray 331.
[0042] Referring back to Figs. 4A-D, the use of cable
guide 400 in combination with cable management system
300 is described in greater detail. Fig. 4A illustrates a top
cutaway view of cable management system 300, includ-
ing a housing 2 having afirst plurality of trays 331 stacked
vertically adjacent a second plurality of trays 331 stacked
vertically (only one tray 331 from each group visible in
Fig.4A). The trays 331 are shownin Fig. 4A in aninstalled
or stored position in which the trays 331 are fully or sub-
stantially fully positioned within housing 2. The trays 331
are slidable with respect to housing 2 so that, when in a
pulled out condition, as shown in the right tray 331 in Fig.
4B, the ports 7 are more easily accessible to a user. In
the embodiment shown in Figs. 4A-D, the ports 7 are
pivotally connected to tray 331 at a rear portion of the
port 7 so that the ports 7 may swing side-to-side with
respect to one another (see Fig. 4C) to create additional
space when the tray is in the pulled out position. One set
of cables C is connected to front or proximal ends of ports
7 and routed through cable guide 400 into cable trough
4. Patch panel systems having pivoting ports are de-
scribed in greater detail in U.S. Patent No. 8939792.
[0043] Each port 7 may include a front cable C coupled
to the front end and a rear cable C coupled to the rear
end. In the embodiment shown in Figs. 4A-D, a front set
of cables is coupled to the proximal end of ports 7 and
passed through cable guide 400 and into cable trough 4.
A rear set of cables C is coupled to the distal end of ports
7 and passed into a rear portion of housing 2. These rear
cables C may be connected to electronic components in
a module in the rear of housing 2, to a connector in the
rear wall of housing 2 that provides a connection to other
cables outside the housing, or they may be passed
through an opening in the back of housing 2. In other
embodiments, the rear cables C may pass through the
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front of housing 2, through cable guide 400 and into cable
trough 4 (or other suitable destination), similar to the front
cables C.

[0044] Generally, when cables are attached to ports
on a sliding tray in a patch panel communication type
system, cable management may become difficult. For
example, for cables coupled to a front of a set of ports,
as the tray is moved from the stored position to a pulled
out position, slack in the front cables increases from a
minimum to a maximum. When the tray is at a position
in which the cables have a maximum slack, if there is too
much slack, the likelihood that the cables get caught on
or otherwise interfere with components of the system
may be increased. Further, too much slack may make it
more difficult to manipulate the cables when the tray is
in the pulled out position. Too little slack may also com-
plicate the ability to manipulate the cables, for example
by limiting the ability of ports to move away from one
another, and may otherwise increase the risk of detri-
mental stresses being placed on the cables. As is de-
scribed in greater detail below, cable management sys-
tem 300, in combination with cable guide 400, may pro-
vide cable management, including slack management,
in a simple and effective fashion.

[0045] As shown in Figs. 4B-C, ports 7 have a maxi-
mum slidable distance in the Z direction of D1, represent-
ing the distance between the stored position, represented
by the left tray 331 in Fig. 4B, and the pulled out position,
represented by the right tray 331 in Fig. 4B. The shelves
420 of cable guide 400 are positioned lateral to the lateral-
most port 7. In addition, shelves 420 may be positioned
adistance D2 in the Z direction from the proximal end of
ports 7 when tray 331 is in the stored position, and a
distance D3 in the Z direction from the proximal end of
ports 7 when tray 331 is in the pulled out position. In the
illustrated system 300, the distance D2 is greater than
the distance D3, with the sum of distances D2 and D3
being equal to the distance D1. With this configuration,
front cables C may be managed in the system 300 where
the front cables C are connected at one end C1 to a front
of the ports 7, and each of the front cables is supported
by the cable guide at the shelves 420 at a portion of the
front cable a predetermined length of the front cable from
the one end C1. In such cable connection arrangement,
the slack in front cables C increases as tray 331 is pulled
out until the tray 331 travels the distance D2, where the
proximal ends of ports 7 are transversely aligned with
shelves 420. At this point, the slack in the cables is at a
maximum, as the cables remain supported at the cable
guide at the portions that are respectively predetermined
lengths from the ends C1. As a user continues to pull tray
331 further proximally to the completely retracted position
represented by the right tray 331 in Fig. 4B, the slack
begins to decrease as the cables become tauter, the ca-
bles again remain supported at the cable guide at the
portions that are respectively predetermined lengths
from the ends C1. It should be understood that in other
examples, the cable guide 400 may be positioned a dif-
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ferent distance in the Z direction. For example, the
shelves 420 of the cable guide 400 may be positioned
proximal to the front face of ports 7 when the tray 331 is
in the stored position as well as in the pulled out position.
[0046] In the configuration illustrated in Figs. 4A-D,
there is more slack in front cables C when the tray 331
is in the pulled out position than when the tray 331 is in
the stored position. When tray 331 is in the stored posi-
tion, front cables C are generally not manipulated since
the ports 7 are within, or flush with the front of, housing
2. Because the front cables C are generally not manip-
ulated when the tray 331 is in the stored position, the
front cables C can be relatively taut to help maintain the
cables C in an organized fashion. On the other hand, if
a user intends to manipulate front cables C, he or she
may generally transition tray 331 into the pulled out po-
sition. Further, when in the pulled out position, the ports
7 are capable of moving laterally apart (or vertically apart
in a system similar to the patch panel device 210 of Fig.
3A) with respect to one another to provide the user better
access to the ports 7, as shown in Fig. 4C. For these
reasons, it is desirable for at least some slack to remain
in the front cables C when the tray 331 is in the pulled
out condition. However, the slack is desirably the mini-
mum amount to allow for the motion of ports 7 and ma-
nipulation of front cables C. Thus, it is desirable that the
slack in the front cables C is not at a maximum when in
the tray 331 is in the pulled out position. It is noted that
in the pulled out position of the tray, when one of the ports
7 is manipulated from a normal position such as shown
onthe lefttray of Fig. 4B, the one front cable C connected
thereto may move such that the portion of the one front
cable C is not positioned at, and therefore not supported
by, the cable guide. However, when the port 7 is returned
to a normal position, the portion of the one front cable C
connected thereto may return to a state at which the por-
tion of the one front cable C is positioned at, and sup-
ported by, the cable guide. Each of the conditions de-
scribed above is met with the cable management system
300 and cable guides 400 illustrated in Figs. 4A-C. It
should further be understood that effective cable man-
agement may still be provided when the cable guide 400
is positioned differently. For example, even if the shelves
420 of cable guide 400 are positioned proximal to the
front face of ports 7 in all positions of tray 331, slack
management and cable organization may be provided in
an effective and relatively simple fashion. With that con-
figuration, cables C may have maximum slack when tray
331 is in the pulled out position, which maximum slack
is desirably enough to manipulate cables C at ports 7,
with the slack reducing as tray 331 is pushed into the
stored position. The configuration described in connec-
tion with Figs. 4A-D may also help limit or eliminate move-
ment of the cables C within the cable trough 4, and also
between cable guide 400 and the cable trough 4, during
movement of the tray 331.

[0047] In order to achieve the benefits described
above, itis desirable that cables C passing over a surface
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of a shelf 420 of cable guide 400 remain positioned on
or at the shelf 420 and/or within the boundaries of adja-
centshelves 420, when the position of the tray is switched
among the completely retracted, pulled out and stored
positions and there is no user manipulation of the ports
or the front cables. One way to help achieve this result
is by adding one or more features to cable guide 400 to
provide vertical limits on the movementof cables C and/or
constraints on the ability of the cables C to otherwise
move. The features described below may also help to
further limit or eliminate movement of the cables C within
the cable guide 400, as well as to limit or eliminate move-
ment of the cables C in the cable trough 4 or at positions
between the cable guide 400 and the cable trough 4.

[0048] One structure that may aid in maintaining the
cables C within adjacent shelves are the fins 430 illus-
trated in Fig. 6A. In the illustrated embodiment, one or
more fins 430 are positioned on a free end of each shelf
420. In particular, a first shelf 420 may include a fin 430
on a free end extending substantially perpendicular to
the surface of the first shelf toward a second adjacent
shelf. Similarly, the second adjacent shelf 420 may in-
clude a fin 430 on a free end extending substantially per-
pendicular to the surface of the second shelf toward the
first shelf. In this embodiment, fins 430 are substantially
rigid, although using deflectable fins may be suitable, as
described in greater detail below. The fins 430 may not
extend completely toward the adjacent shelf 420, and
the fins that extend toward one another are offset so that
an opening 432 is defined between the fins 430. With this
configuration, cables C may be relatively easily inserted
into, or removed through, the space between adjacent
shelves 420 through the opening 432 if a user desires to
install or remove a cable C from the system. However,
the opening 432 is preferably small enough and oriented
with respect to cables C so that, during normal operation
of the cable management system 300, the cables C are
unlikely to pass through opening 432 unintentionally.

[0049] Although two fins 430 are shown in each space
between adjacent shelves 420, other configurations may
be suitable. For example, a single fin may extend nearly
all the way to the adjacent shelf 420, with a small opening
or slot being defined between the end of the fin and the
adjacent shelf 420. Still further, a single fin 430 could
extend to touch the adjacent shelf 420 with the fin being
deflectable so that a user could push a cable C toward
the fin, causing the fin to deflect inward until the cable C
passes into the space between adjacent shelves 420.
Once the cable C is positioned between the adjacent
shelves 420, the fin would return to its original position
extending from a first shelf and touching the adjacent
shelf, isolating the cable C between the adjacent shelves
420. The deflectable fin may have enough stiffness such
that cables C would be unlikely to apply enough force to
the fin during normal operation of the cable management
system 300 to cause significant deflection of the fin. Still
other variations may be suitable, such as two fins 430
extending toward one another from adjacent shelves 420
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so that the fins touch, but the fins being deflectable so
that a cable C may be pushed toward the fins causing
them to deflect to allow the cable C to pass beyond the
fins.

[0050] Fig. 6B shows a cross-section of the shelves
420 of the shelving unit of cable guide 400 with additional
components to help secure cables C between adjacent
shelves 420. Shelves 420 may be the same as those
described above, with or without fins 430. A fastening
device, such as a hook and loop strap 434, may be pro-
vided for each shelf 420 that is to support cables C. Hook
and loop strap 434 may be, for example, a device pro-
vided under the trade name VELCRO, but other type of
fastening straps may be suitable, for example straps hav-
ing snap closures, hook closures, adhesive closures, etc.
A first free end of fastener 434 may include an aperture
that may align with aperture 428 in a shelf 420, with a
fastener such as arivet or bolt 436 coupling the first free
end of fastener 434 to shelf 420. Cables C may be in-
serted between adjacent shelves 420, with free ends of
fastener 434 wrapping around the cables C. With the
cables C in a desired position, the second free end of
fastener 434 may be coupled to the first free end, for
example via a hook and loop mating system. With this
configuration, rivet or bolt 436 keeps the fastener 434 in
a desired position, with the fastener 434 keeping cables
C secure between adjacent shelves 420. It should be
noted that, in Fig. 6B, two groups of cables C are shown,
each group of cables C positioned within a sleeve to help
further organize the cables. Two groups of cables C may
pass through a single pair of adjacent shelves when, for
example, the sets of front cables C and rear cables C
both are routed through the front of the housing 2.
[0051] Figs. 6C-D show views of a modified cable
guide 400’ that is identical to cable guide 400 with the
exception of the features noted below. Cable guide 400’
may include an identical mounting arm 410 for mounting
to housing 2. In addition, cable guide 400’ may include
a shelving unit having a plurality of shelves 420’ arranged
in a stack configuration. Shelves 420’ may include sub-
stantially flat top and bottom surfaces of a generally sim-
ilar shape to shelves 420, and be connected by rounded
surface 422. However, unlike shelves 420, a recess 421’
may be formed in the proximal end of each shelf 420. In
the illustrated embodiment, each recess 421’ is generally
"U"-shaped, although other shapes including rectangular
may be suitable. For each unit of shelves 420’, shelf420e’
at one end of the stack may include an aperture 428. The
aperture 428 may be configured to receive a bolt or other
device to couple a first element of a fastening device to
the shelf 420e’, and a second element of a fastening de-
vice may be coupled to the top surface of 420f, which is
at the other end of the stack. With this configuration, as
explained in greater detail below in connection with Fig.
6E, a single fastening device may be used to secure ca-
bles C between each pair of shelves 420’ in the unit,
rather than having a separate fastener dedicated to each
pair of adjacent shelves 420'.
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[0052] Fig. 6E shows a cross-section of the unit of
shelves 420’. In the illustrated embodiment, the first el-
ement of the fastening device may take the form of a first
strap 434a’ that is bolted or otherwise fixed to a top sur-
face of the shelf 420f. An end portion of the first strap
434a’ may include a closure mechanism, such as hooks
or loops of the type provided under the trade name VEL-
CRO. The first strap 434a’ may be long enough to extend
at least a length of the shelving unit from the shelf 420e’
to the shelf 420f, preferably may be positioned in the
space formed by the recess 421’ in each shelf 420’, and
desirably has enough additional length so that the closure
mechanism may extend at least some distance over the
top surface of the shelf 420e’. The second element of the
fastening device may take the form of a second strap
434b’. In the illustrated example, the second strap 434b’
may have a relatively short length and may be fixed to
the top surface of the shelf 420e’ so that the second strap
434b’ does not have any significant freedom of move-
ment. The second strap 434b’ may include a closure
mechanism that corresponds to the closure mechanism
at the end of the first strap 434a’, which may be hooks
(if first strap 434a’ includes loops) or loops (if first strap
434a’ includes hooks). It should be understood that the
corresponding closure mechanisms of the first strap
434a’ and the second strap 434b’ may take other forms,
such as snaps, hooks, adhesives, buckles, etc. With the
above-described configuration, a user is able to secure
all of the cables C housed within a shelving unit with a
single motion. In other words, with the cables C posi-
tioned between the desired pairs of adjacent shelves
420’, the user may grasp the first strap 434a’ and couple
the closure mechanism at the end of the first strap 434a’
to the second strap, making sure to guide the intermedi-
ate portion of the first strap 434a’ into the recess 421’ of
each shelf 420’. It should be noted that the number of
shelves 420’ within a given shelving unit may be altered
as desired, with the length of the first strap 434a’ depend-
ing mainly on the total end to end length of the shelving
unit. It should further be understood that one of the end
shelves in the shelving unit does not necessarily need to
include a recess 421’, and may rather take a shape sim-
ilar to other shelves 420’ in the shelving unit without such
arecess. In addition to providing a simple and fast mech-
anism for securing cables C within the shelving unit, the
configuration described in connection with Figs. 6C-E
may maximize the amount of space available for cables
C between each pair of shelves 420a’. One additional
benefit of this configuration is that, if cables C are posi-
tioned anywhere along the length of the recess 421, first
strap 434a’ may be able to make contact with those ca-
bles C to secure those cables C in place. So, even if a
volume of cables C is positioned so that the cables C
extend to a portion of recess 421’, additional cables C
may be added within the space between the two adjacent
shelves 420’ with the first strap 434a’ being able to secure
the cables C between the shelves 420'.

[0053] Fig. 7 illustrates additional features which may
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help organize cables C of cable management system
300. In Fig. 7, one tray 331 on the right side is shown in
the pulled out position, with one set of front cables C
passing through cable guide 400, and a set of rear cables
C passing rearward into the housing 2. Generally, it is
desirable for the front cables C to pass laterally along a
path prior to passing through the cable guide 400. In order
to facilitate such routing, a handle member 350 may be
provided on tray 331, the handle member extending prox-
imally of the housing 2. The handle member 350 may
take any suitable form that acts as a guide for cables C.
For example, as illustrated, handle member 350 may in-
clude a substantially flat bottom surface which curves
upward at the front end to provide surfaces against which
cables C may be positioned. Additional surfaces may be
provided on handle member 350, and desirably the sur-
faces include at least a bottom surface and front surface.
Handle member 350 may provide the additional function
of providing a user a convenient gripping member for
pulling tray 331 out of the housing 2 or pushing tray 331
back into the housing. A lateral guide member 360 may
also be provided at a lateral-most end of tray 331 to pro-
vide additional guidance to the cables C as they extend
laterally away from tray 331. As illustrated, lateral guide
member 360 has a convex cable contacting surface, al-
though other shaped surfaces may be suitable. Addition-
al guide members, such as rear guide member 370, may
be provided on tray 331 to facilitate maintaining the rear
cables in a desired position. The handle member 350
and/or guide members 360, 370 may also provide locking
functionality. For example, when tray 331 is in the stored
position, it may be desirable to maintain the tray 331 in
a locked or semi-locked state so that intentional pulling
force must be applied to tray 331 in order to begin tran-
sitioning the tray 331 into the pulled out position. This
locking functionality may be provided, for example, by
including detents or other cooperating structures in the
housing 2 or adjacent trays 331 so that, when the tray
331 is in the stored position, one or more of the handle
member 350 and guide members 360, 370, have afriction
fit with the corresponding structure.

[0054] The patch panel devices 310 described above
may take the form of sliding trays 331 mounted within,
and slidable with respect to, a housing 2 or chassis. In
other embodiments, substantially self-contained cas-
settes may be utilized, the cassettes being capable of
being swapped into or out of a chassis, with the cassettes
providing the sliding function entirely. For example, a cas-
sette 500 is shown in an exploded view in Fig. 8A. The
cassette 500 generally includes a cassette housing 510,
which may be a substantially rectangular box with an
open front, and a cassette head portion 520 slidable into
and out of the housing 510. The sides of cassette housing
510 may include rail slots 512 to facilitate sliding of the
cassette head 520, as described in greater detail below.
[0055] A front of cassette head 520 includes a plurality
of ports 7 arranged in a similar or identical fashion as
described inrelation to patch panel 310, for example with
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laterally pivotable ports 7. Extending from each side of
the rear of cassette head is a rail 530 for sliding into or
out of the rail slots 512 of cassette housing 510. Fig. 8B
illustrates cassette 500 with cassette head 520 in the
pulled out position in which ports 7 may be easily ac-
cessed and may move in relation to one another in the
same fashion as described above in connection with
patch panel 310. Fig. 8C illustrates cassette 500 with
cassette head 520 in the stored condition, the cassette
head 520 being completely or substantially completely
contained within cassette housing 510.

[0056] Fig. 8D shows a cross section of one side of
cassette housing 510 with rails 530 of cassette head 520
positioned therein, to illustrate the mechanism that pro-
vides sliding motion between cassette housing 510 and
cassette head 520. In particular, a portion of top housing
510a, bottom housing 510b, and a sidewall 510c of hous-
ing 510 are shown in Fig. 8D. An extension 511 extends
from top housing 510a toward bottom housing 510b, al-
though not the entire distance therebetween. The exten-
sion 511, sidewall 510c, and portions of top housing 510a
and bottom housing 510b define rail slot 512, in which a
rail 530 of cassette housing is secured. As cassette head
520 is pulled out of or pushed into cassette housing 510,
the interaction of the rails 530 in rail slots 512 help keep
the cassette head 520 in a desired orientation and facil-
itate the sliding motion. Stops may be included, if desired,
so that rails 530 are unable to unintentionally completely
exit cassette housing 510, so that a user does not unin-
tentionally decouple the cassette head 520 from the cas-
sette housing 510 as it is transitioned to the pulled out
position. Although on example of rails 530 and rail slots
512 are illustrated in Fig. 8D, other similar structures of
rails and rail slots may be used to achieve the same result.
As shown in Fig. 8E, an insert 513 may be positioned
within rail slot 512. The insert 513 may be any desirable
material and extend along substantially the entire length
of the rail slot. The insert 513 may have a first stop to
prevent the insert 513 from sliding out of the rail slot 512,
and a second stop so that the rail 530 of the cassette
head 520 is stopped from sliding out of the insert. With
this configuration, the insert 513 may extend the length
which cassette head 520 may slide with respect to cas-
sette housing 510. In addition, the material and dimen-
sions ofinsert 513 may be chosen to provide for smoother
sliding between cassette head 520 and cassette housing
510. For example, if rail 530 and rail slot 512 are both
metal, a plastic insert 513 may provide for smoother slid-
ing. To provide for extending the length which cassette
head 520 may slide with respect to cassette housing 510,
it may be preferable for insert 513 to be formed of a hard
metal.

[0057] Cassette 500 may be modular in the sense that
it may be inserted into a chassis and, if for example a
cassette is damaged, it may be easily removed from the
housing and replaced with another. For example, Fig. 9A
shows a chassis 600 that may be used to hold a plurality
of cassettes 500. In the illustrated embodiment, chassis
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600 includes two vertical channels for accepting cas-
settes 500, each channel having a plurality of supports
610 to support cassettes 500. Fig. 9B shows chassis 600
with three cassettes 500 installed and one cassette 500
in the process of being installed. Any of the cable guides
400 described above, or modifications thereof, may pro-
vide cable slack management functionality for the cas-
sette version of the system as the patch panel versions
described above. For example, one or more mounting
arms 410 of cable guides 400 may be coupled to the
chassis 600 so that cables connected to ports in a cas-
sette 500 may be managed as the cassette head 520
slides relative to the cassette housing 510. In addition,
because the cassette housing 510 is stationary with re-
spect to the chassis 600, the mounting arm 410 of a cable
guide 400 may be coupled directly to the cassette hous-
ing 510. Since the cassette housing 510 remains station-
ary with respect to the cassette head 520, as the cassette
head 520 slides into or out of the cassette housing 510,
the cable guide 400 remains stationary despite being
fixed to the cassette housing.

[0058] Fig. 10A shows a perspective view of a patch
panel system 1000 according to another embodiment of
the disclosure. Patch panel system 1000 may include an
outer housing 1002 with side walls, top and bottom walls,
a distal or rear wall, and an open front or proximal face.
However, a proximal cover, such as a door or other cover
that allows access inside the outer housing 1002, may
be used in conjunction with the outer housing although
such a cover is not shown in the figures. Fig. 10B shows
a top view of patch panel system 1000 with the top wall
of outer housing 1002 omitted for clarity of illustration.
An inner housing 1003 may be positioned within outer
housing 1002, preferably completely within the bounda-
ries of the outer housing 1002. The inner housing 1003
may include side walls, and top, bottom and rear walls
that may be integral with corresponding walls of the outer
housing 1002, or which may be separate and distinct
from the walls of the outer housing. Inner housing 1003
may include a plurality of slots stacked in a vertical ar-
rangement, similar to the supports 610 of the chassis 600
of Fig. 9A. Each slot is adapted to hold a tray or cassette
1010 in sliding engagement with the slot, although in
practice every slot may not necessarily have a cassette
1010 received therein. Each cassette 1010 may be gen-
erally similar to patch panel devices 110, 210, 310 and/or
cassettes 500 described above, the cassettes 1010 in-
cluding ports or other connectors to connect to cables.
Each cassette 1010 may include a handle 1012 extend-
ing from a proximal end to provide a grip for a user to pull
the cassette 1010 out of the inner housing 1003, for ex-
ample into the position shown in Figs. 10G-H, for easy
access to the cassette(s) 1010 of interest. Outer housing
1002 may include one or more access ports 1004 to allow
for cables or other items to pass between the inside and
the outside of the outer housing. As shown in Fig. 10A,
access ports 1004 may take the form of cylindrical mem-
bers that may be integral with the bottom wall of outer
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housing 1002, although any opening that allows cables
to pass from outside to inside the outer housing 1002 (or
vice versa), may be suitable.

[0059] In one example, patch panel system 1000 may
be used to patch connections from a vendor, such as a
cable provider, to a customer, such as an apartment com-
plex or individual units thereof. The outer housing 1002
may be particularly suited to be used outside, with the
outer housing 1002 providing protection from the ele-
ments to the components within the outer housing 1002,
including the inner housing 1003. For such a use, cables
from the vendor may enter through access ports 1004
on one side of outer housing 1002, for example the right
side, and connect to ports in the rear of one or more
cassettes 1010. Other cables may extend from the rear
of one or more cassettes 1010, through corresponding
access ports 1004 for example on the left side of the
outer housing 1002, to individual units within the apart-
ment complex to provide connection between the indi-
vidual customer and the vendor. Patch panel system
1000 may provide a convenient system for operating and
maintaining the connections between the vendor and the
individual customers, for example, with one or more ca-
bles C2 extending from and connecting a front or proximal
side of one cassette 1010 in inner housing 1003 to the
front of another cassette in the inner housing.

[0060] Although Figs. 10A-H show a single cable C2
connected between the front ends of two cassettes 1010,
in practice many cables C2 could be connected between
the fronts of pairs of cassettes 1010. In such a situation,
management of these cables C2 may become difficult,
particularly when a user needs to access a particular ca-
ble or cables C2. To assist in the management of cables
connected to patch panel system 1000, the patch panel
system 1000 may include a pivotable hanger plate as-
sembly 1020. Hanger plate assembly 1020 may include
a hanger plate 1021 which may, for example, be a rigid
rectangular plate coupled to a side wall of inner housing
by one or more hinges 1022. Hanger plate 1021 prefer-
ably has a height that is less than the distance between
the bottom and top walls of the outer housing 1002, and
awidth thatis smaller than the distance between the side
walls of the outer and inner housing between which the
hanger plate 1021 is positioned. With this configuration,
hanger plate 1021 may swing with a range of motion
about hinge(s) 1022 from being positioned inside the out-
er housing 1002 as shown in Figs. 10A-B, through a tran-
sition position shown in Figs. 10E-F, to a position outside
the outer housing 1002 as shown in Figs. 10G-H.
[0061] Enlarged top and isolated perspective views of
the hanger plate assembly 1020 are shown in Figs. 10C-
D. A plurality of hangers 1023 may be coupled to proximal
face of hanger plate 1021. Each hanger 1023 may include
a substantially flat surface on which a cable C2 may rest.
A guide surface 1024 may be positioned on one end of
the hanger 1023. Guide surface 1024 is illustrated as
having a circular cross-section. Although guide surface
1024 does not need to have a circular cross-section, it
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preferably includes a curvature that provides a minimum
bending radius which restricts cable C2 from bending so
much that cable C2 becomes damaged. As best seen in
Fig. 10G, guide surface 1024 may be a formed by a single
cylindrical member extending substantially the entire
height of the hanger plate 1021. However, it should be
understood that a separate guide surface 1024 may be
provided for each individual hanger 1023 if desired.
[0062] Each hanger 1023 may also be associated with
one or more retaining members to help keep cable C2
positioned within hanger 1023. For example, each hang-
er 1023 may include an upwardly extending retaining
member 1025 extending upwardly from the flat surface
of the hanger 1023. As best seen in Fig. 10D, upwardly
extending retaining member 1025 may be substantially
cylindrical and extend upwards toward a vertically adja-
cent hanger 1023, without contacting the vertically adja-
cent hanger 1023. Similarly, each hanger 1023 may also
include a downwardly extending retaining member 1026
extending downwardly from the flat surface of the hanger
1023. As best seen in Fig. 10D, downwardly extending
retaining member 1026 may be substantially cylindrical
and extend downwards toward a vertically adjacent
hanger 1023, without contacting the vertically adjacent
hanger 1023. With this configuration, the space between
two vertically adjacent hangers 1023 includes two retain-
ing members 1025, 1026 that may keep a cable C2 from
unintentionally exiting the space between the two verti-
cally adjacent hangers 1023. However, like the fins 430
described in connection with Fig. 6A, space is provided
between the ends of the retaining members 1025, 1026
and the flat surfaces of the hangers 1023 so that a user
may remove (or insert) cable C2 from the space between
vertically adjacent hangers 1023 by manually removing
(or inserting) the cable C2 through the space between
the retaining members 1025, 1026 and the surfaces of
the hangers 1023. It should be understood that in a set
of vertically stacked hangers 1023, the bottom-most
hanger 1023 need not include a downwardly extending
retaining member, and the top-most hanger 1023 need
not include an upwardly extending retaining member.
[0063] Hanger plate assembly 1020 may also include
a rear hanger 1027 coupled to and extending from the
rear of hanger plate 1021, extending in an opposite di-
rection than hangers 1023. Preferably, only a single rear
hanger 1027 is coupled to the rear of hanger plate 1021
at a top of the hanger near the top surface of the outer
housing 1002. However, more rear hangers 1027 may
be included if desired, including for example a second
rear hanger 1027 at the bottom of hanger plate 1021, or
in any other number and position as desired. Rear hanger
1027 may include a flat bottom surface between two up-
wardly extending surfaces that create a generally "U"-
shaped channel. Cables that connect to the rear of the
cassettes 1010 and exit through an access port 1004
may be bundled together and be partially routed along
the "U"-shaped channel of rear hanger 1027 to help main-
tain those cables in an organized condition, reducing the
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likelihood those cables will interfere with cables C2 in the
front portion of outer housing 1002 or with the swinging
movement of hanger plate assembly 1020. It should be
understood that cables entering the outer housing 1002
through an access port 1004 and coupled to the rear of
one or more cassettes 1010 may also be routed along
the "U"-shaped channel of rear hanger 1027 for similar
reasons. One or more apertures (not illustrated) may be
provided in the hanger plate 1021 between the rear hang-
er 1027 and a hinge 1022 so that a bundle of cables
positioned within the rear hanger 1027 may pass through
the hanger plate 1021 and enter the inner housing 1003
so they may connect to corresponding ports, such as
those in the rear of particular cassettes 1010. In some
embodiments, the rear of the cassettes 1010 may be
accessible by an opening, provided by a door or other
mechanism, so that cables entering through access ports
1004 may connect directly to the rear of cassettes 1010
where desired, without passing those cables through
hanger plate 1021.

[0064] Operation of the patch panel system 1000 with
respect to the organization of cables is described briefly.
In a stored state, cables entering or exit outer housing
1002 through access ports 1004 on the left side of the
outer housing and connecting to the rear of cassette may
be secured within the "U"-shaped channel of rear hanger
1027. Cables C2 extending from the front of cassettes
1010 to the front of other cassettes 1010 may each ex-
tend through a first hanger 1023 positioned adjacent the
corresponding cassette 1010, guided along guide sur-
face 1024 to maintain a minimum bend, resting on the
flat surface of hanger 1023, and being maintained be-
tween vertically adjacent hangers 1023 by retaining
members 1025, 1026. The particular cable C2 may exit
the space between vertically adjacent hangers 1023 be-
tween the retaining members 1025, 1026 and the hanger
plate 1021. After exiting, the cable C2 may extend up or
down generally along the hanger plate 1021, and enter
the space between a different pair of vertically adjacent
hangers 1023, where the cable C2 may then couple to
the front of a separate cassette 1010. In the stored po-
sition, as shown in Figs. 10A-B, the hanger assembly
1020 may be rotated abouthinge 1022 so that the hanger
plate 1021 extends toward the rear wall of outer housing
1002. In this position, the cables C2 may have little to no
slack. If a user desires to access one or more cassettes
1010 and cables C2 to, for example, perform mainte-
nance, the user can open a door on the front of outer
housing 1002, if such a door is included. Before pulling
out a cassette 1010, the slack in cables C2 may be in-
creased. The user may begin to increase the slack in
cables C2 by grasping a portion of the hanger plate as-
sembly 1020, for example the hanger plate 1021 or any
of the hangers 1023, and beginning to pull the hanger
assembly proximally as shown in Figs. 10E-F. As the
hanger plate assembly 1020 continues to rotate about
hinge 1022, the hanger plate 1021 and the associated
hangers 1023 continue to rotate until the hanger plate
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1021 exits the front of outer housing 1002, as seen in
Figs. 10G-H. With the hanger plate assembly 1020 ro-
tated at least partially out of outer housing 1002, the slack
in cables C2 is further increased. The user may then pull
one or more cassettes 1010 proximally out of the outer
housing 1002, which may be facilitated by use of han-
dle(s) 1012. As the cassette 1010 is pulled out, slack in
the cables C2 may begin to increase as the proximal face
ofthe cassette 1010 is aligned with the retainer members
1025, 1026. As the cassette 1010 is pulled out further to
a proximal distance from the housing 1002 greater than
the retainer members 1025, 1026, the slack in the cables
C2 may begin to decrease again. Preferably, when the
cassette 1010 is pulled out to the maximum extent,
enough slack remains so that a user can easily manipu-
late the cables C2 at the corresponding ports, but not
there is not so much slack that the cables C2 are difficult
to manage. As shown in Figs. 10G-H, the cables C2 and
cassettes 1010 are easily accessible with both cables
C2, and the cables resting on rear hanger 1027, main-
tained in an organized state. It should be understood that
the patch panel system 1000 is not shown to scale in
Figs. 10A-H.

[0065] Referring now to Figs. 10I-J, the positions of
retaining members 1025, 1026 and guide surface 1024
may be selected in order to attain a desired slack man-
agement of cables C2 at all positions of hanger plate
assembly 1020 and cassettes 1010. For example, refer-
ring to Fig. 10l, the retaining members 1025, 1026 may
be positioned a distance D4 from the proximal face of
inner housing 1003 when the hanger plate assembly
1020 is rotated out of the outer housing 1002. As the user
pulls out cassette 1010, slack in the cables C2 may ini-
tially increase compared to that shown in Fig. 10l. Once
the proximal face of cassette 1010 moves in the proximal
direction past the position of the retaining members 1025,
1026, slack may begin to decrease again. As shown in
Fig. 10J, the proximal face of each cassette 1010 has a
maximum distance D5 from the proximal face of inner
housing 1003 when the cassette 1010 is in the fully pulled
out position. Preferably, the distance D5 is about twice
the distance D4. With this configuration, when the hanger
plate assembly 1020 is rotated out of the outer housing
1002 as shown in Figs. 10l-J, cables C2 may have about
the same slack when the cassette 1010 is in the stored
position shown in Fig. 10l and when the cassette 1010
is in the pulled out position shown in Fig. 10J. However,
in other embodiments, distance D5 may be less than
twice D4, so that there is a net increase in the slack of
cables C2 when the cassette 1010 is transitioned from
the stored condition to the pulled out condition. Such an
increase in slack may make it easier for a user to manip-
ulate the connection of cables C2 with corresponding
ports in cassette 1010. This feature is similar to the re-
lated feature described above in connection with Fig. 4B.
[0066] Although patch panel system 1000 is shown
with a single hanger plate assembly 1020, it should be
understood that patch panel system 1000 may include a
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second hanger plate assembly on the opposite side of
inner housing 1003 of the first hanger plate assembly
1020. If a second hanger plate assembly is used, it may
be identical to the first hanger plate assembly 1020 in
structure and function, albeit the components would be
in a mirrored position compared to the first hanger plate
assembly 1020. Also, although the hanger plate assem-
bly 1020 is shown with one hanger 1023 for each cassette
1010, more or fewer individual hangers 1023 may be
provided. Still further, although hanger plate 1021 is
shown as a single rigid member so that all of the hangers
1023 attached to the hanger plate 1021 move in unison,
in other embodiments a plurality of individually rotatable
hanger plates may be provided. For example, a hanger
plate may be provided in two portions, so that a top group
ofhangersis separately rotatable with respect to a bottom
group of hangers. Still further, any number of hanger
plates, up to the total number of hangers so that each
hanger may be individually rotatable, may be used. How-
ever, a single hanger plate 1021 may be preferable for
ease of use.

[0067] As noted above, patch panel system 1000 may
be suited for outdoor use. When being used outdoors, it
may be important that when the patch panel system 1000
is not being actively used or maintained, the components
are all capable of being situated within the bounds of the
outer housing 1002, so that the components are protect-
ed from the elements. Thus, as noted above, the width
of the hanger plate 1021 should be less than the distance
between a side wall of the inner housing 1003 and the
corresponding side wall of the outer housing 1002, so
that it may swing from outside the outer housing 1002 to
inside the outer housing 1002 where it is protected from
the elements. However, it may be beneficial to provide a
hanger plate that is wider than hanger plate 1021, so that
cables C2 may be guided with fewer sharp turns, such
as where a cable exits one hanger 1023 and moves down
or up the hanger plate 1021 towards another hanger
1023. This may beneficial because certain cables used
with patch panel system 1000 may be quite stiff, making
tight turns difficult to maintain.

[0068] The patch panel system 1000’ shown in Figs.
11A-H addresses the potential limitations described im-
mediately above. Patch panel system 1000’ may be iden-
tical to patch panel system 1000 in most or all respects
other than the hanger plate assembly 1020’. For exam-
ple, patch panel system 1000’ may include outer housing
1002, inner housing 1003, access ports 1004, and cas-
settes 1010 identical to those described in connection
with Figs. 10A-H. As such, these components will not be
described in detail again.

[0069] Similar to the hanger plate assembly 1020 of
patch panel system 1000, the hanger plate assembly
1020’ of patch panel system 1000’ has a stored condition,
shown in Figs. 11A-B, a pulled out condition for access
as shown in Figs. 11G-H, with an intermediate position
shown in Figs. 11E-F. A top view of the hanger plate
assembly 1020’ in the stored condition is shown in Fig.
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11C, with inner and outer housings 1002, 1003 omitted
for clarity of illustration. Similar to hanger plater assembly
1020, hanger plate assembly 1020’ may include a sub-
stantially rigid rectangular first hanger plate 1021a’ cou-
pled to inner housing 1003 by one or more hinges 1022.
A plurality of hangers 1023, identical to those described
above, may be coupled to the first hanger plate 1021a’
in a vertically stacked configuration. First hanger plate
1021a’ may include one or more rear hanger plates 1027
similar or identical to those described above.

[0070] First hanger plate 1021a’ may have a height
similar to the height of hanger plate 1021, but may be
narrower. In addition to first hanger plate 1021a’, hanger
plate assembly 1020’ may include a plurality of additional
hanger plates hingedly coupled to one another and to
first hanger plate 1021a’. In the particular embodiment
of hanger plate assembly 1020’ shown, five additional
hanger plates 1021b’-1021f are hingedly coupled to one
another in series, with hanger plate 1021b’ hingedly cou-
pled to first hanger plate 1021a’. Each hanger plate
1021a’-1021f may have a substantially similar height,
and the widths of the plates may be similar or different
from one another. Although hanger plates 1021a’-f’ are
shown as separate members that are coupled to one
another by hinges, one or more of the hanger plates
1021a’~’f may be integrally formed with a living hinge be-
tween adjacent plates to provide similar functionality.
[0071] Hanger plate assembly 1020’ is shown in Fig.
11D in an extended or pulled out condition with outer
housing 1002 and inner housing 1003 omitted for clarity
of illustration. Select ones of the hanger plates 1021a’-
1021f may include cable retainers 1030’. Each cable re-
tainer 1030’ may include two extensions, such as a top
extension 1031’ and a bottom extension 1032’. Top ex-
tension 1031’ may include a first portion extending away
from and substantially orthogonally to the corresponding
hanger plate, and a second "L"-shaped portion extending
down from and orthogonal to the first portion and parallel
to the corresponding hanger plate. The bottom extension
1032’ may include a first portion extending away from
and substantially orthogonally to the corresponding
hanger plate, and a second "L"-shaped portion extending
up from and orthogonal to the first portion and parallel to
the corresponding hanger plate. With this configuration,
each extension may form a generally "U"-shaped chan-
nel. The two "L"-shaped portions of the top extension
1031’ and the bottom extension 1032’ may be positioned
with respect to one another so that they form a rectan-
gular shape with a gap between the "L"-shaped portions
adapted to receive cable C2 therethrough and into one
or both of the "U"-shaped channels. As shown in Fig.
11D, two cable retainers 1030’ may be positioned toward
the top of an intermediate hanger plate 1021d’ and an
end hanger plate 1021f, with two cable retainers 1030’
positioned toward the bottom of hanger plates 1021d’
and 1021f. It should be understood that more or fewer
cableretainers 1030’ than shown may be used with hang-
er plate assembly 1020'.
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[0072] Cables C2 coupled to the front of a cassette
1010 may first pass through a corresponding hanger
1023 in the same fashion as described in connection with
Figs. 10A-H. Cables C2 may then extend along the se-
quence of hanger plates and into one or both of the "U"-
shaped channels formed by a cable retainer 1030’ on
one of the intermediate hanger plates, such as hanger
plate 1021d’. The cables C2 may continue to extend to
the cable retainer 1030’ on the end hanger plate 1021f,
at which point the cables C2 may extend up or down to
the cable retainers 1030’ on the opposite end of the hang-
er plates. The end hanger plate 1021f may include an
end portion 1040’ that forms a "U"-shape channel along
substantially the entire height of the hanger plate 1021f.
End portion 1040’ may receive cables C2 that pass from
the top cable retainer 1030’ on hanger plate 1021f and
to the bottom cable retainer 1030’ on hanger plate 1021f.
End portion 1040’ may ensure that cables C2 stay in
place as they switch directions and provide additional
protection. End portion 1040’ may also be used as a han-
dle for a user to grasp to pull the hanger plate assembly
1020’ out of outer housing 1002.

[0073] In the completely stored position, as shown in
Figs. 11A-B, the hanger plates 1021a’-1021f may col-
lapse with respect to one another to form a "U"-shape
that fits completely within outer housing 1002 between
one side wall of inner housing 1003 and the correspond-
ing side wall of outer housing 1002. If a user needs to
access cassettes 1010 and cables C2 for maintenance,
the user may pull hanger plate assembly 1020’ out of
outer housing 1002. As the user pulls hanger plate as-
sembly 1020’ proximally, the hinges between adjacent
hanger plates 1021a’-102 If allow the hanger plate as-
sembly 1020’ to begin to straighten and extend out of the
outer housing 1002. As the user continues to pull hanger
plate assembly 1020’, it transitions into a fully extended
configuration as shown in Figs. 11G-H, where all of the
hanger plates 1021a’-1021f are substantially straight
with respectto one another. In this configuration, the user
may then pull out one or more cassettes 1010 as desired
to perform maintenance on cables C2 as desired. The
position of the retaining members 1025, 1026 and the
guide surface 1024 with respect to the maximum distance
that the cassettes 1010 may slide may be based on the
same or similar considerations as described above in
connection with Figs. 10I-J.

[0074] Compared to hanger plate assembly 1020,
hanger plate assembly 1020’ may provide an increased
effective length along which cable C2 may extend, de-
spite the same amount of space being available between
the walls of inner housing 1003 and outer housing 1002.
As noted above, if cables C2 are stiff, the additional length
provided by hanger plate assembly 1020’ may make the
cables C2 more easily and safely stored and maintained.
Although cable retainers 1030’ are shown as having par-
ticular structure, number, and relative positioning, it
should be understood that other forms of cable retainers
may be suitable. Forexample, any structure that provides
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support for the cables C2 as they run along the hanger
plates 1021a’-1021f, particularly those that allow for the
cables C2 to be inserted into or removed from the retain-
ers with intentional effort, but to keep the cables from
exiting unintentionally, may be suitable alternates to the
disclosed embodiment.

[0075] Although patch panel system 1000’ is shown
with a single hanger plate assembly 1020’, it should be
understood that two hanger plate assemblies may be
used. An example of this is shown in Fig. 12, where patch
panel system 1000" is identical to patch panel system
1000’ in all respects with the exception of the number of
hanger plate assemblies. Hanger plate assembly 1020a"
may be identical to hanger plate assembly 1020’ in struc-
ture and function. A second hanger plate assembly
1020b", which may be an identical but mirror configura-
tion of hanger plate assembly 1020a", may be coupled
to right wall of inner housing 1003. The additional hanger
plate assembly 1020b" may provide for additional man-
agement of cables C2, particularly those coupled to near
the right side of the front of cassettes 1010.

[0076] Some of the systems and concepts described
above are also described in U.S. Patent Publication No.
2017/0082815. certain modifications and/or additions to
the above-described systems may be desirable.

[0077] One example of a modified patch panel system
1100 is illustrated in Figs. 13A-F. Patch panel system
1100 may be similar to patch panel system 1000", with
one difference being the position of the hangar plate as-
sembly in the stored condition. Patch panel system 1100
may include outer housing 1102 (with or without door
1102D), inner housing 1103, and cassettes 1110 similar
to those described in connection with Figs. 10-12
[0078] Patch panel system 1100 is illustrated in a
stored condition in Fig. 13A, with an access door 1102D
opened. Similar access doors 1102D may be provided
for other embodiments described herein if desired. A plu-
rality of cassettes 1110 are arranged in a vertically
stacked configuration within inner housing 1103, with first
and second hanger plate assemblies 1120a, 1120b in a
stored condition substantially between the side walls of
inner housing 1103 and the side walls of outer housing
1102. It should be understood that, although two hanger
plate assemblies 1120a, 1120b are shown in Figs. 13A-
F, patch panel system 1100 may be provided with only
one of the hanger plate assemblies.

[0079] Fig. 13B is a perspective view of patch panel
system 1100 with hanger plate assemblies 1120a, 1120b
in the pulled out condition, which may also be referred
to as the installation or maintenance condition. Fig. 13C
is a top view of patch panel system 1100 with hanger
plate assemblies 1120a, 1120b in the pulled out condi-
tion, with outer housing 1102 illustrated in an outline only
and door 1102D fully omitted. Similar to hanger plater
assembly 1020’, hanger plate assemblies 1120a, 1120b
may include a substantially rectangular first hanger plate
1121a coupled to inner housing 1103 by one or more
hinges. A plurality of additional hanger plates 1121b-e
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may be hingedly coupled to one another in succession,
in a manner generally similar to that described above in
connection with hanger plate assembly 1020’. However,
it should be understood that the particular number and
relative size of the hanger plates that make up hanger
plate assemblies 1120a, 1120b may be varied depending
on the particular desired dimensions. Further, although
the individual hanger plates 1121a-e of hanger plate as-
semblies 1120a, 1120b are shown as individual mem-
bers coupled by hinges, one or more of the hanger plates
may be integral with adjacent plates, with the hinging
motion provided by a living hinge mechanism.

[0080] A plurality of hangers 1123 may be coupled to
hanger plate 1121c of each hanger plate assembly
1120a, 1120b. Hangers 1123 may be substantially sim-
ilar or identical to hangers 1023 described above in con-
nection with hanger plate 1020. However, hangers 1123
may take alternate forms, which may be similar to rear
hanger plates 1027. Preferably, whatever form the hang-
ers 1123 take, one hanger is positioned substantially
aligned with each cassette 1110 that may have cables
(not shown) extending therefrom, such that each hanger
is capable of supporting and/or securing cables extend-
ing into or out of a cassette. Further, although hangers
1123 are shown as being attached to hanger plate 1121c,
the hangers may be attached to other hanger plates of
hanger plate assemblies 1120a, 1120b. Because hang-
ers 1123 may be the first point of support of cables ex-
tending into or out of a cassette 1110, the hangers are
preferably positioned on a hanger plate 1121a-e close
to the proximal face of the cassette so that the cables do
not extend a significant distance without support from a
corresponding hanger.

[0081] Referring to Fig. 13B, cables (not shown) may
extend out of the proximal end of a first cassette 1110
and to the corresponding hanger 1123 for support. Those
cables may continue to extend to an additional cable re-
tainer 1130. A plurality of additional cable retainers 1130
may be positioned on hanger plate 1121e of each hanger
plate assembly 1120a, 1120b. In the illustrated embod-
iment, each cable retainer 1130 may include a rounded
portion 1131 extending substantially orthogonally to the
hanger plate to which itis attached. The cables may wrap
around the rounded portion 1131 and extend back toward
another hanger 1123 at a different vertical height corre-
sponding to a different cassette. Alternately, the cables
may wrap around the rounded portion 1131 of one cable
retainer 1130 and extend to the rounded portion of an-
other cable retainer, atwhich point the cables may extend
back toward another hanger 1123 corresponding to a
different cassette 1110. The size of the rounded portions
1131 may be chosen to provide a minimum bending ra-
dius for cables wrapping around the rounded portion so
as to minimize damage to the cables. Each cable retainer
1130 may also include a flat portion 1132 which may
extend substantially parallel to the hanger plate 1121e
to which the cable retainer is attached. Flat portions 1132
may help maintain organization of the cables and avoid
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them from falling off the rounded portion 1131. In the
illustrated embodiment, each hanger plate 1121e in-
cludes three cable retainers 1131, with an additional flat
portion 1132 near the bottom of the hanger plate. How-
ever, it should be understood that more or fewer cable
retainers 1130 (or portions thereof) may be coupled to
hanger plate 1121e or another hanger plate. In some
embodiments, flat portions 1132 may be rotatable. In the
condition shown in Fig. 13B, cables positioned between
the flat portion 1132 of a cable retainer 1130 and the
corresponding hanger plate 1121e may be difficult to re-
move from the cable retainer without disconnecting an
end of the cable from a cassette 1110. Thus, flat portions
1132 may be rotated such that, if desired, a user may be
able to relatively easily slide cables off of the rounded
portion 1131 without disconnecting an end of the cable
from the cassette 1110 to perform maintenance.

[0082] Still referring to Fig. 13B, a cover 1140 may be
coupled to hanger plate 1121e. The cover 1140 may be
hingedly coupled to a bracket 1141. Bracket 1141 may
include portions near the top, bottom, and free lateral
edge of hanger plate 1121e, with the cover 1140 hingedly
coupled to the portion of the bracket near the free lateral
edge. With this configuration, the cover 1140 may be
opened to the condition shown in Fig. 13B in order to
access cables that are supported by cable retainers
1130. When maintenance is complete, the cover 1140
may be closed so as to overlie the cable retainers 1130,
which may further help maintain the cables in the desired
positions when the hanger plate assemblies 1120a,
1120b are in the stored condition, described in greater
detail below. It should be understood that one or more
hangers may be provided on the rear of the hanger plates
1121a-e in order to help maintain additional cables. For
example, hanger plate 1121e may include another set of
cable retainers and a corresponding bracket and cover,
which may be in a similar or identical configuration as
that described above, on the rear side of that plate. Fur-
ther, one or more windows W may be provided in one or
more of the hanger plates. For example, as best shown
in Fig. 13B, hanger plate 1121d may include two portions
forming windows W such that a cable may pass from one
side of the hanger plate to the opposite side of the hanger
plate through the window, if desired. Still further, a
number of additional hangers 1133 may be positioned
on the hanger plate assemblies 1120a, 1120b. For ex-
ample, individual hangers 1133 may be placed on the
bottom-most portions of the front and/or back of desired
panels so that the cables do not drag on the floor of outer
housing 1102 or any other surface. An example of an
individual hanger 1133 is best illustrated in Fig. 13D.
[0083] Once maintenance of the cables is complete,
the cassettes 1110 may all be pushed distally into the
inner housing 1103, the flat portions 1132 of the cable
retainers 1130 may be rotated to the condition shown in
Fig. 13B, and the covers 1140 may be rotated closed, as
shown in Fig. 13C. The user may then rotate the hanger
plate assemblies 1120a, 1120b so that the hanger plate
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assemblies wrap around the outside of inner housing
1103, with the terminal hanger plate 1121e positioned
between the side walls the inner housing 1103 and outer
housing 1102, as shown in Figs. 13D-F. It should be un-
derstood that the outer housing 1102 is substantially
omitted from Figs. 13D-E to better illustrate the stored
condition of the hanger assemblies 1120a, 1120b. As
should be clear from Figs. 13D-F, in the stored condition
of the hanger plate assemblies 1120a, 1120b, the cables
are neatly and securely organized, with the many por-
tions of the cables being protected by elements of the
system, including for example outer housing 1102 and
covers 1140.

[0084] Fig. 13G illustrates a plate guide 1190 that may
be used to guide and lock hanger plate assembly 1120a
into the stored condition. Plate guide 1190 may extend
along a length of inner housing 1103 and be connected
to the inner housing by a bracket 1191 or any other suit-
able connector. Plate guide 1190 may be substantially
"U"-shaped in transverse cross section, with the sides of
the "U"-shape helping to guide hanger plates 1121e,
1121d, and 1121c into the stored condition. A proximal
end of plate guide 1190 may include rounded portions
1192 extending away from the proximal opening of the
guide plate 1190. As the terminal hanger plate 1121e is
initially guided into the open end of plate guide 1190, the
rounded portions 1192 may help guide the terminal hang-
er plate toward the center of the proximal opening in the
plate guide. In addition, plate guide 1190 may include an
aperture 1193 that aligns with a corresponding aperture
1194 in one of the hanger plates, here illustrated in hang-
er plate 1121c, when the hanger plate assembly is in the
stored condition. As a user continues to slide hanger plate
assembly 1120a in the direction indicated by arrow 1195
toward the stored condition, eventually apertures 1193
and 1194 will align. When apertures 1193 and 1194 are
in alignment, a locking element 1196 may be inserted
through both of the apertures to lock the hanger plate
assembly 1120a in the stored condition. Locking element
1196 may be a simple cylindrical structure that physically
restricts motion of hanger plate 1121c relative to plate
guide 1190 when the locking element is inserted through
both apertures 1193, 1194. The locking element 1196
and/or apertures 1193, 1194 may include additional
structures, such as mating threads or the like, to further
lock the hanger plate assembly 1120a to plate guide 1190
in the stored condition. It should be understood that, al-
though many of the embodiments described above in-
volve hanger plates or hanger plate assemblies, such as
hanger plate assemblies 1120a, 1120b, that hinge "back-
wards" so that, in a stored condition, the fronts of the
cassettes are exposed, in other embodiments the hanger
plates or hanger plate assemblies may hinge "forwards"
sothat, in the stored condition, the hanger plates or hang-
er plate assemblies cover the fronts of the cassettes. This
configuration, which is described in other embodiments
below in connection with certain systems with dome clo-
sures, such as in Figs. 15A-D and 18-20D, may be ap-
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plied for systems with the types of housings described,
for example, in connection with Figs. 10A-14H. It should
also be understood that, for embodiments described
above as having an inner housing and an outer housing,
such as inner housing 1103 and outer housing 1102,
bolts, connectors, or other support members may be pro-
vided to securely fix the bottom of the inner housing to
the bottom of outer housing and/or to fix the top of the
inner housing to the top of the outer housing.

[0085] Figs 14A-B are schematicillustrations of hanger
plate assembly 1120a in the pulled out condition and
stored condition, respectively, with other components of
the system omitted. When hanger plate assembly 1120a
is in the pulled out condition with the individual hanger
plates being aligned in a substantially straight manner,
cables C extend along a path having a firstlength L1 from
a cassette to the farthest position along the hanger plate
assembly. When the hanger plate assembly 1120a is
transitioned to the stored condition of Fig. 14B, with the
hanger plate assembly being curved with the cables C
on the outside of the curve, the cables may extend along
a path having a second length L2 from the cassette to
the farthest position along the hanger plate assembly.
The extent of the difference between path lengths L1 and
L2 may be dependent upon the distance D6 which the
cables C are positioned from the surface of the plates of
the hanger plate assembly 1120a. In a theoretical con-
struction in which the cables C had an infinitely small
thickness and were effectively positioned directly on the
surface of the plates of hanger plate assembly 1120a,
the difference between first and second path lengths L1,
L2 may be zero or negligible. However, in practice, cables
C have thicknesses, particularly when a plurality of ca-
bles C are bundled together, such that the distance D6
is non-negligible. As such, as hanger plate assembly
1120a is transitioned from the pulled out condition of Fig.
14A to the stored condition of Fig. 14B, depending on a
slack length of the cables C extending distally from the
hangar plate assembly 1120a, the cables C may become
stressed because second path length L2 is greater than
first path length L1, which may result in tension on the
cables increasing.

[0086] Figs. 14C-H illustrate various modifications that
may be made to hanger plate assembly 1120a to help
reduce or eliminate possible tension on the cables C as
the hanger plate assembly transitions from the pulled out
condition to the stored condition.

[0087] Figs. 14C-D illustrate a highly schematic view
of hanger plate assembly 1120a in the pulled out and
stored condition, respectively, with a cable support 1150
coupled to one of the plates of the hanger plate assembly.
Support 1150 may have a first end coupled to one of the
hanger plates and a second free end, and the free end
may include a blunt tip that may provide support for the
cables C. In the pulled out condition of Fig. 14C, the free
end of support 1150 may extend a first distance away
fromthe surface of the hanger plate to which itis attached,
so that cables C extend along a path having a length L1’
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that may be greater than path length L1 of Fig. 14A. As
hanger plate assembly 1120ais transitioned to the stored
condition shown in Fig. 14D, the free end of support 1150
may move closer to the surface of the hanger plate to
which the support is attached. For example, the first end
of support 1150 may be rotatably coupled to the hanger
plate such that the free end rotates toward the hanger
plate and the support moves closerto parallel to the hang-
er plate to which it is attached. In another example, sup-
port 1150 may have a telescopic or other translatable
configuration such that the free end of the support slides
toward the end of the support attached to the hanger
plate. Regardless of the mechanism, the length of path
L2’ is preferably equal or about equal to the length of
path L1’, such that the cables C do not experience an
increase in stress or tension during transition from the
pulled out condition to the stored condition.

[0088] Figs. 14E-F illustrate a highly schematic view
of hanger plate assembly 1120a in the pulled out and
stored condition, respectively, with an extendable hanger
plate 1160 included within the hanger plate assembly.
Extendable hanger plate 1160 may have an extended
condition, shown in Fig. 14E, and a retracted condition,
shown in Fig. 14F. The extendable hanger plate 1160
may include two end portions that are coupled together
by a third center portion, with the two end portions slide-
able toward and away from one another over the center
portion. However, other mechanisms may be suitable.
For example, extendable hanger plate 1160 may be
stretchable so that it can be stretched to the extended
condition, and upon release, contract to the retracted
condition. Regardless of the mechanism, the length of
path L2" is preferably equal or about equal to the length
of path L1", such that the cables C do not experience an
increase in stress or tension during transition from the
pulled out condition to the stored condition.

[0089] Figs. 14G-H illustrate a highly schematic view
of hanger plate assembly 1120a in the pulled out and
stored condition, respectively, with arepositionable cable
retainer 1130’ provided on the terminal hanger plate of
the hanger plate assembly. Repositionable cable retainer
1130’ may be similar in structure to cable retainers 1130
or any other cable retainer or hanger described herein,
with the exception that repositionable cable retainer
1130’ may move laterally along the surface of the hanger
plate to which it is attached. For example, a slot may be
provided within the hanger plate to which repositionable
cable retainer 1130’ is attached, with a portion of the repo-
sitionable cable retainer positioned within the slot so that
it may slide along the slot. In the pulled out condition
shown in Fig. 14G, repositionable cable retainer 1130’
may be positioned relatively close to the free edge of
hanger plater assembly 1120a, such thatcable C extends
along a path having a length L1™". As hanger plate as-
sembly 1120a is transitioned to the stored condition, any
increased tension on cables C may cause repositionable
cable retainer 1130’ to slide away from the free edge of
the hanger plate assembly, as shown in Fig. 14H. It
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should be understood that, in Fig. 14H, the prior position
of the repositionable cable retainer 1130’ is illustrated
with a dashed line. It should be understood that other
particular mechanisms may be suitable to allow for repo-
sitionable cable retainer 1130’ to translate or otherwise
move toward or away from the free edge of the hanger
plate assembly 1120a. Regardless of the mechanism,
the length of path L2 is preferably equal or about equal
to the length of path L1™, such that the cables C do not
experience an increase in stress or tension during tran-
sition from the pulled out condition to the stored condition.
[0090] For the modifications described above in con-
nection with Figs. 14C-14H, it may be possible that, dur-
ing use, actual path lengths L1’, L1", and L1™ may be
greater than the corresponding intended path lengths L2’,
L2", and L2". Although these modifications are intended
to result in substantially equal path lengths, path lengths
L1’. L1", and L1"" could potentially be greater than cor-
responding path lengths L2’, L2", and L2", for example
due to user error. In one example, during an installation
step, a user might unintentionally introduce extra length
in the cable path in the pulled out condition, such that the
actual path lengths are L1’ + X, L1" + X, or L1™ + X,
wherein X is the additional length resulting from the user
error. In this situation, upon transition to the stored con-
dition, the cables could have unwanted slack due the
extra length X introduced into the system by the user. As
a result, the actual path lengths L1, L1", and L1™" may
be greater than the corresponding intended path lengths
L2’, L2", and L2 by a length equal to X. This extra slack
of the cables C in the stored condition could result in the
cables slipping off cable retainers 1130. In order to pro-
tect against this possibility, support 1150, extendable
hanger plater 1160, and cable retainer 1130’ may be pro-
vided with a tension or biasing elementso that the support
element 1150 is biased (for example spring-biased) to
the position shown in Fig. 14C, the extendable hanger
plate 1160 is biased (for example spring-biased) to the
position shown in Fig. 14E, and the cable retainer 1130’
is biased (for example spring-biased) to the position
shown in Fig. 14G. With this configuration, in the corre-
sponding pulled-out conditions shown in Figs. 14C, 14E,
and 14G, cables C may be supported by the hanger plate
assembly 1120a with little or no tension. As the user
moves the hanger plate assembly 1120a to the corre-
sponding stored conditions shown in Figs. 14D, 14F, and
14H, the bias provided to the support 1150, extendable
hanger plate 1160, or cable retainer 1130’ may place a
small tension force on the cables to help ensure that the
cables remain secured and positioned close to the hang-
er plate assembly. In other words, any slack in the cables
C that may otherwise have been created by the user in-
itially when the hanger plate assembily is in the pulled out
condition may be partially or fully eliminated in the stored
condition by the biasing force of the support element
1150, extendable hanger plate 1160, or cable retainer
1130'. It should be understood that this biasing force is
preferably small so that, although any slack may be re-
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moved, the cables are not damaged by the biasing forces.
[0091] Inaddition totension potentially resulting in me-
chanical stresses or breakages in the cables, bending of
the cables may separately result in optical signal loss.
Figs. 15A-D show a patch panel system 1200 according
to still another aspect of the disclosure. Among other ad-
vantages described in greater detail below, patch panel
system 1200 may simultaneously avoid stressing or ten-
sioning cables during cable storage, as well as limit the
amount of cable bending that could otherwise result in
optical signal loss.

[0092] Fig. 15A shows aperspective view of patch pan-
el system 1200 with hanger plate assemblies 1220a,
1220b in a maintenance condition. Patch panel system
1200 may include a housing 1202. In the illustrated em-
bodiment, housing 1202 may have a substantially cylin-
drical shape. As shown, housing 1202 does not form a
fully enclosed cylinder, but rather includes a closed por-
tion that has the shape of a portion of a cylinder, with an
open proximal face to allow access to cassettes 1210
and cables C stored therein. Housing 1202 may include
a plurality of slots stacked in a vertical arrangement, with
each slot adapted to hold a tray or cassette 1210 in sliding
engagement with the slot, although in practice every slot
may not necessarily have a cassette 1210 received
therein. Cassettes 1210 may be substantially similar to
the cassettes 1010 described above, with the cassettes
being in a vertically stacked configuration, although only
one cassette is illustrated in Fig. 15A. Cassettes 1210
may be modified compared to other cassettes described
herein in order to better fit within the cylindrically shaped
housing 1202, whereas other cassettes such as cas-
settes 1010 are configured to be received within a rec-
tangular housing. However, other than the particular
shape of cassettes 1210, the cassettes may otherwise
be similar or identical to the cassettes described above.
[0093] To assist in the management of cables C con-
nected to patch panel system 1200, the patch panel sys-
tem includes pivotable hanger plate assemblies 1220a,
1220b. Hanger plate assembly 1220a may be substan-
tially a mirror image of hanger plate assembly 1220b, but
otherwise identical or nearly identical. Thus, only hanger
plate assembly 1220a is described in detail. Hanger plate
assembly 1220a may include a hanger plate 1221, which
may be a single, curved plate having a first edge pivotably
coupled to housing 1202 and a second free edge oppo-
site the first edge. Although shown as a single curved
plate, hanger plate 1221 may otherwise be formed of a
plurality of plates that are coupled together, similar to
other hanger plate assemblies described above. A plu-
rality of hangers 1223 may be positioned on the inner
face of hanger plate 1221, near the first edge of the hang-
er plate coupled to housing 1202. Hangers 1223 may be
similar in structure to any of the hangers described above,
including having at least one substantially flat surface on
which cables C may rest. Preferably, each hanger 1223
is associated with a cassette 1210 (or otherwise a cor-
responding slot within housing 1202). An exemplary cas-
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sette 1210 is illustrated in Fig. 15B. In addition to hangers
1223, a plurality of cable retainers 1230 may be posi-
tioned on the interior face of hanger plate 1221, prefer-
ably in a vertically aligned configuration. Cable retainers
1230 may be substantially similar or identical to cable
retainers 1130, and are preferably positioned near the
second edge of hanger plate 1221. Hanger plate 1221
may also include a plurality of windows W to allow cables
C to pass across hanger plate assembly 1220a and exit
patch panel system 1200. In the illustrated embodiment,
each window W is formed as a vertical slot in a top or
bottom edge of the hanger plate 1221 between the hang-
ers 1223 and the first edge of the hanger plate pivotably
coupled to the housing 1202. However, it should be un-
derstood that windows W could take other shapes, posi-
tions, and more or fewer windows could be provided. For
example, Fig. 18 illustrates a patch panel system 1200’
thatisidentical to patch panel system 1200in all respects,
with the exception that windows W’ are formed in the top
and bottom edges of hanger plate 1221’ between the
hangers 1223’ and the cable retainers 1230’

[0094] As shown in Fig. 15A, cables C may pass from
the front or rear of connectors on a cassette 1210, pass
over and rest upon a corresponding hanger 1223, wrap
around one or more cable retainers 1230, pass over and
rest upon another hanger, and connect to connectors at
the front or rear of a cassette on a different vertical level
within housing 1202. Alternately, some cables C may
pass through one of the windows W and connect to a
separate component outside of patch panel system 1200.
A user may perform maintenance on cables C of patch
panel system 1200 when the hanger plate assemblies
1220a, 1220b are in an open or maintenance condition
shown in Fig. 15A. When maintenance is complete, the
user may rotate the hanger plate assemblies 1220a,
1220b toward the open face of housing 1200, which may
be referred to as a stored or installed condition and is
shown in Figs. 15C-D. In the stored condition, one of the
hanger plate assemblies 1220a, 1220b may at least par-
tially overlie the other hanger plate assembly. This may
result in housing 1202 and the hanger plate assemblies
1220a, 1220b together having a substantially cylindrical
shape, with the majority of cables C being hidden and
protected behind one or both of the hanger plate assem-
blies. It should be understood that although two hanger
plate assemblies 1220a, 1220b are shown, a single
hanger plate assembly may be sufficient, with the single
hanger plate assembly preferably being dimensioned to
cover most or all of the open face of the housing 1202
when the hanger plate assembily is in the stored condi-
tion.

[0095] When the hanger plate assemblies 1220a,
1220b of patch panel system 1200 are in the mainte-
nance or open condition as shown in Fig. 15A, cables C
may be subjected to a maximum level of stress or tension.
When the hanger plate assemblies 1220a, 1220b of
patch panel system 1200 are in the installed or stored
condition as shown in Figs. 15C-D, the cables C may be
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subjected to a minimal level of stress or tension. Advan-
tageously, patch panel system 1200 may avoid produc-
ing tension on, and limit an extent and degree of turns or
bends in, the cables C when the hanger plate assemblies
1220a, 1220b patch panel system 1200 are in the stored
condition. Figs. 16A-B illustrate top cut-away views of
patch panel systems 1100 and 1200 when the hanger
plates are in the stored/installed condition, respectively,
to illustrate the point. In particular, when hanger plate
1120a of patch panel system 1110 is in the stored con-
dition, the cables connected closest to the hinge of the
hanger plate assembly 1120a may bend to an angle a1,
which may approach 0 degrees. The cables connected
farthest away from the hinge of the hanger plate assem-
bly 1120a may bend to an angle 0.2, which may approach
90 degrees. In comparison, in the stored condition of the
hanger plate 1220a of patch panel system 1200, the ca-
bles connected closest to the hinge may experience a
bend to an angle a4 of not less than about 45 degrees,
with the cables connected farthest from the hinge expe-
riencing bending to an angle a3, which may approach
135 degrees. By providing for reduced tension and a min-
imum bend angle of the cables in the stored condition of
patch panel system 1200, advantageously optical signal
loss and mechanical stress on the cables C may be avoid-
ed.

[0096] It should be understood that other patch panel
systems described herein, such as patch panel system
1000 and 1100, may be modified so that the hanger plate
assemblies rotate similar to hanger plate assemblies
1220a, 1220b of patch panel system 1200. In other
words, patch panel systems 1000 and 1100 may be mod-
ified so that the hanger plates rotate in the opposite di-
rections as shown so that, in the stored condition, the
hanger plate assemblies at least partially cover the open
face of the respective housings, which may result in re-
duced stress and/or bending in the cables. An additional
benefit of this type of modification, is that in the stored or
installed condition of the hanger plate(s), the majority of
the cables C are not visible to a user. Such a situation
may be more intuitive and make it easier for a user to
identify when the respective patch panel system is in a
condition for maintenance (e.g. because the cables are
exposed) and when the patch panel system is in a con-
dition for storage (e.g. because the cables are hidden).
[0097] Providing patch panel system 1200 with a sub-
stantially cylindrical shape when in the stored condition
may provide additional benefits. For example, although
patch panel system 1200 could be used in any suitable
environment, it may be particularly suited for use in un-
derground environments. For example, for various reg-
ulatory or environmental reasons, it may not be possible
or allowable for a patch panel system to be positioned
above ground or mounted to an above-ground structure.
In such a situation, it may be permissible to house the
patch panel system underground. If a patch panel system
is housed underground, it may be particularly important
to seal the interior of the patch panel system from mois-
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ture or other environmental conditions that could damage
the system. The cylindrical shape of patch panel system
1200 may be suited for use with additional structures to
facilitate such a protective environment. For example, as
shown in Fig. 17, patch panel system 1200 may be part
of a larger system that includes a main cover 1280 and
a cover cap 1290. As illustrated, main cover 1280 may
be a substantially solid cylindrical member with a hollow
interior which may be slid over housing 1202 of patch
panel system 1200. Cover cap 1290 may be cylindrical
and include mating features, such as external threads,
to couple to main cover 1280, for example with a water
tight seal. The covering system may provide a high level
of protection of patch panel system 1200 when the hang-
er plates are in the installed condition, and the housing
is covered by main cover 1280 and with cap 1290 secured
to the main cover.

[0098] Figs. 19A-D show various perspective exploded
views of a patch panel system 1300, unassembled, with
hanger plates in an open or maintenance condition. Figs.
20A-D show views corresponding to Figs. 19A-D in an
assembled state, again with hanger plates in the main-
tenance condition. The patch panel system of Fig. 19A
may be generally similar to patch panel system 1200 and
may include a support frame 1302 that may have a cross-
sectional thickness of between about 2 mm and about 7
mm and include metal such as aluminum. The thickness
of support frame 1302 may depend upon the particular
metal used, and may be between about 3 mm and about
5 mm, including about 4 mm, if the support frame is
formed of aluminum. Frame 1302 may be formed of a
single integral piece or multiple pieces joined together,
and may include one or more side walls 1304, a top por-
tion 1306, and/or a bottom portion 1308. Frame 1302
may form a housing or may overlie a housing or inner
chassis that includes a plurality of slots stacked in a ver-
tical arrangement, with each slot adapted to hold a tray
or cassette 1310 in sliding engagement with the slot, al-
though in practice every slot may not necessarily have a
cassette 1310 received therein. Cassettes 1310 may be
substantially similar to cassettes 1210 or any of the other
cassettes described herein. In one embodiment, all com-
ponents within patch panel system 1300 may be mounted
and/or coupled to the frame 1302, and the frame 1302
may be electrically coupled to grounding elements of one
or more of the components within the patch panel system
1300 such that the frame 1302 may serve as a common
grounding element for the entire patch panel system
1300. The frame may include a top portion that may act
as a handle and help guide a protective cap similar to
cover 1280 over the frame.

[0099] To assistin the management of cables C con-
nected to patch panel system 1300, the patch panel sys-
tem may include pivotable hanger plate assembles
1320a and 1320b, which may be similar in many respects
to hanger plate assemblies 1220a and 1220b. In some
embodiments, hanger plate assemblies 1320a and
1320b may be substantial mirror images of one another.
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However, in the illustrated embodiment, hanger plate as-
semblies 1320a and 1320b may have at least some dif-
ferences.

[0100] Hanger plate assembly 1320a may include a
hanger plate 1321a, which may be a single, curved plate
having a first edge pivotably coupled to a first side wall
1304 of frame 1302 and a second free edge opposite the
firstedge. Although shown as a single curved plate, hang-
er plate 1321a may otherwise be formed of a plurality of
plates that are coupled together, similar to other hanger
plate assemblies described above. A plurality of hangers
1323a may be positioned on the inner face of hanger
plate 1321a, near the first edge of the hanger plate cou-
pled to frame 1302. Hangers 1323a may be similar in
structure to any of the hangers described above, includ-
ing having at least one substantially flat surface on which
cables C may rest. Preferably, each hanger 1323a is as-
sociated with a cassette 1310 (or otherwise a corre-
sponding slot within patch panel system 1300). In addi-
tion to hangers 1323a, a plurality of cable retainers 1330a
may be positioned on the interior face of hanger plate
1321a, preferably in a vertically aligned configuration.
Cable retainers 1330a may be substantially similar or
identical to cable retainers 1130, and may include a first
group extending vertically and a second group extending
horizontally, for example where the first group extends
about 90 degrees relative to the second group. Hanger
plate 1321a may also include one or more recesses or
windows W to allow cables C to pass across hanger plate
assembly 1320a and exit patch panel system 1300, for
example as shown in Fig. 20B. In the illustrated embod-
iment, windows W are formed as horizontal recesses in
the top and bottom edges of the hanger plate 1321a near
the first edge of the hanger plate pivotably coupled to the
frame 1302. However, it should be understood that win-
dows W could take other shapes, positions, and more or
fewerwindows could be provided. Forexample, recesses
are also provided in the illustrated embodiment at the top
and bottom of the second edge of hanger plate 1321a,
and those recesses may be capable of performing the
same or a similar function as window W.

[0101] Although in some embodiments, hanger plate
assembly 1320b may be a mirror image of hanger plate
assembly 1320a, in the illustrated embodiment, hanger
plate assembly 1320b may have some differences.
Hanger plate assembly 1320b may include a hanger
plate 1321b, which may be a single plate having a first
edge pivotably coupled to a second side wall 1304 of
frame 1302 and a second free edge opposite the first
edge. Although shown as a single plate, hanger plate
1321b may otherwise be formed of a plurality of plates
that are coupled together, similar to other hanger plate
assemblies described above. While hanger plate 1321a
is shown as curved (with a convex exterior surface and
a concave interior surface), hanger plate 1321b may be
substantially planar. With the illustrated configuration, in
operation it is preferable that, in an installed condition of
the hanger plate assemblies 1320a, 1320b, hanger plate
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1321bis positioned between cassettes 1310 and hanger
plate 1321a. In other words, when transitioning the hang-
er plate assemblies 1320a, 1320b of patch panel system
1300 from a maintenance condition to an installed con-
dition, hanger plate 1321bis closed first, and hanger plate
1321a is closed second. A plurality of hangers 1323b
may be positioned on the inner face of hanger plate
1321b, near the first edge of the hanger plate coupled to
frame 1302. Hangers 1323b may be similar in structure
to any of the hangers described above, including having
at least one substantially flat surface on which cables C
may rest. Preferably, each hanger 1323b is associated
with a cassette 1310 (or otherwise a corresponding slot
within patch panel system 1300). In addition to hangers
1323b, a plurality of cable retainers 1330b may be posi-
tioned on the interior face of hanger plate 1321b, prefer-
ably in a vertically aligned configuration. Cable retainers
1330b may be substantially similar or identical to cable
retainers 1130, and may extend vertically. Hanger plate
1321b may also include one or more recesses or win-
dows W to allow cables C to pass across hanger plate
assembly 1320b and exit patch panel system 1300. In
the illustrated embodiment, windows W are formed as
slots at the top and bottom of the edge of the hanger
plate 1321b that is coupled to side wall 1304. However,
it should be understood that windows W could take other
shapes, positions, and more or fewer windows could be
provided. The top and/or bottom of hanger plate 1321b
may also include horizontal slots that may function as
handles H to facilitate a user gripping positioning hanger
plate 1321b.

[0102] Patch panel system 1300 may further include
one or more side hangers 1340a-b. Side hangers 1340a-
b are preferably formed of metal, although other materials
may be suitable. In the illustrated embodiment, one side
hanger 1340a is mounted on the first side wall 1304 ad-
jacenthanger assembly 1320a, and another side hanger
1340b is mounted on the second side wall 1304 adjacent
hanger assembly 1320b. Side hangers 1340a-b are il-
lustrated in isolation in Figs. 21A-B. Both side hangers
1340a-b may include may include a plurality of first ex-
tension members 1341a-b that extend substantially or-
thogonally away from the corresponding side walls 1304
and include tips that extend substantially parallel to the
corresponding side walls. The first extension members
1341a-b may be grouped in clusters, with the tips of the
extension members extending away from a center of the
cluster. Intheillustrated embodiment, side hanger 1340a
includes one cluster of four extension members 1341a,
and side hanger 1340b includes two clusters of four ex-
tension members 1341b, although it should be under-
stood that the number and position of the extension mem-
bers may be different in other embodiments. Both side
hangers 1340a-b may also include a plurality of second
extension members 1342a-b that extend substantially or-
thogonally away from the corresponding side walls 1304
and include tips that extend substantially parallel to the
corresponding side walls, but in opposite direction to the
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tips of extension members 134 1a-b. With this configura-
tion, cables C entering or exiting patch panel system 1300
may be routed around and through a cluster of first ex-
tension members 1341a-b and may be at least partially
surrounded by corresponding second extension mem-
bers 1342a-b, helping to keep the cables C in place, for
example as shown in Figs. 20C-D.

[0103] Patch panel system 1300 may include a base
1390 onto which the bottom side 1308 of frame 1302 is
mounted. Base 1390 may be substantially circular and
include one or more ports 1391a positioned to be adja-
cent to the side wall 1304 of frame 1302 adjacent hanger
plate assembly 1320a when the system is assembled,
and one or more ports 1391b positioned to be adjacent
to the side wall 1304 of frame 1302 adjacent hanger plate
assembly 1320b when the system is assembled. In the
illustrated embodiment, base 1390 may include two ports
1391a and two ports 1391b for cables respectively en-
tering and exiting patch panel system 1300 on each side
of the frame, although other numbers and positions of
ports may be suitable. In some embodiments, base 1390
may be formed of a metal.

[0104] Inother embodiments, it may be preferable that
base 1390 is formed of a plastic and mounted to frame
1302 via metal bolts to assist in grounding patch panel
system 1300. For example, as shown in Fig. 21C, base
1390 may include a plurality of male-to-male connectors
in the form of bolts 1392 that can be secured through
corresponding holes in the bottom 1308 of frame 1302
via nuts 1393 or other anchoring members. In other em-
bodiments, as shown in Fig. 21D, base 1390 may include
one or more female-to-female connectors 1394 that may
be utilized to secure the bottom 1308 of frame 1302 to
base 1390. It should be understood that other suitable
mechanisms may be used to couple the frame 1302 to
the base 1390. For example, as shown in Fig. 21E, a bolt
1392 may have a first threaded end over which a nut
1393 may be threaded. A second end of bolt 1392 may
include a head, as shown, or may otherwise include
threading with another nut similar to the first end of the
bolt. One or more gaskets, such as O-ring 1399, may
interface between the bolt 1392 and the base 1390. In
the illustrated example, O-ring 1399 is positioned within
a recess in base 1390 and around a shaft of bolt 1392.
O-ring 1399 or other gaskets may facilitate sealing be-
tween the base 1390, bolt 1392, and/or frame 1302, par-
ticularly if the bolt and base have different coefficients of
thermal expansion. In such cases, O-ring 1399 may help
maintain a seal if bolt 1392 expands at a different rate
thanbase 1390 as temperatures change. The use of met-
al bolts may provide an externally accessible grounding
element for the entire patch panel system 1300 based
on the bolt being electrically conductively coupled to the
frame 1302.

[0105] Fig. 21F shows an enlarged view of portions of
frame 1302 coupled to base 1390, with other components
omitted for clarity of illustration. In some embodiments,
the bottom 1308 of frame 1302 may be integral with the
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side walls 1304 of the frame. In the illustrated embodi-
ment, however, the bottom 1308 and side walls 1304 of
frame 1302 are formed as separate pieces and coupled
together with fasteners 1305, which may be metal bolts
with lock washers, although other fasteners may be ap-
propriate. One or more shelves or ribs 1307 may be pro-
vided on an interior of frame 1302, including attached to
side wall 1304, which may support cassettes 1310 ther-
eon. One or more brackets 1312 may also be coupled to
frame 1302, for example one at each side wall 1304, to
assist in securing incoming and/or outgoing cables C or
groups of cables and to provide a grounding element
extending from the frame 1302. Bracket(s) 1312 may be
integral with or separately attached to frame 1302. An
outer cable sheath CS passing through a port 1391b may
be crimped or otherwise fixed to the bracket 1312. A buff-
er tube BT interior to the outer cable sheath CS may be
crimped or otherwise fixed to the bracket 1312, and also
inner cables C within the outer cable sheath CS may be
separately fixed together for example by crimping. If a
ground conductor GC is included in the bundle of cables
C, the ground conductor GC may be separately fixed to
the bracket 1312 for example by crimping. The ground
conductor GC, if used, may function to ground the patch
panel system 1300, including a cover 1380 if the cover
is electrically conductive. If a ground conductor GC is
used, the bracket 1312 is preferably formed of metal or
another conductive material. The connections of the ca-
ble(s) C to the bracket 1312 may help resist pulling forces
experienced by the cables C passing through the port
1391b in the base 1390.

[0106] Fig. 21G illustrates an exemplary gasket 6000
that may be used to create a seal extending from a cable
sheath, such a cable sheath CS of a cable as shown in
Fig. 21F, to the base 1390 and/or other portions of port
1391b, althoughit should be understood thatgasket 6000
may be used for creating a seal extending from cables
to any other structures through which the cables may
pass as described herein. In the illustrated example, gas-
ket 6000 may be substantially cylindrical with an opening
passing therethrough for receiving cables, including ca-
bles in a cable sheath CS. The gasket may include one
or more side openings, such as a slit extending along a
longitudinal length of the gasket 6000, to more easily
pass cables from a position outside the gasket to a po-
sition within the gasket. Preferably, gasket 6000 is
formed of a soft rubber tubing, although other materials,
and in particular elastomeric materials, may be suitable
for use. Further, although gasket 6000 is illustrated as a
cylinder with a central opening and a slit extending along
the longitudinal length of the gasket, other shapes may
be suitable depending on the shape of the volume in
which the gasket is intended to be positioned.

[0107] Fig. 21H illustrates a cross-sectional view of
gasket 6000 in use within base 1390 with a cable sheath
CS passing through port 1391b. It should be understood
that although gasket 6000 may have a substantially cy-
lindrical shape, when in position within port 1391b the
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gasket may be compressed and change shape to sub-
stantially fill the volume in which it is positioned. Fig. 21H
also illustrates a strain relief member 6002, which may
be generally cylindrical, conical, or frustoconical, include
a central opening to allow for cable sheath CS to pass
therethrough, and may include external threads 6006 or
other mating features to engage with internal threads
6004 or other corresponding internal mating features of
port 1391b. Strain relief member 6002 may help prevent
or reduce strain on cables within cable sheath CS if the
cable sheath is pulled sideways or bent at a position ad-
jacent or spaced from the strain relief member. One or
more rotation stoppers or lockers 6008 may be positioned
on a bottom surface of base 1390 adjacent port 1391b
to help reduce the likelihood of the strain relief member
6002 unintentionally being rotated to loosen or discon-
nect the strain relief member 6002 from the base 1390.
One potential benefit of gasket 6000 is that the seal pro-
vided by gasket 6000 may be less sensitive to differences
in the coefficient of thermal expansion between the base
1390 and the gasket 6000 compared to other seals de-
scribed herein. For example, as temperature of the en-
vironment changes, a change in temperature of the base
1390 and the gasket 6000 may notresultin any significant
reduction in the effectiveness of the seal provided by the
gasket.

[0108] Fig. 21l illustrates gasket 6000 in a port 1391b
thatis an alternate to that shown in Fig. 21H. In particular,
it may be preferable to provide a gasket 6000 that has a
length extending substantially the longitudinal length of
the port 1391b in order to help ensure a good seal be-
tween the cable sheath CS and the interior of base 1390.
The internal threads 6004 on base 1390 may be provided
on an extension member that extends below the remain-
der of the bottom surface of base 1390, which may allow
for a longer longitudinal length gasket 6000 to be used
compared to that shown in Fig. 21H, which may provide
for a better seal.

[0109] Insome circumstances, gaskets such as gasket
6000 may lose elasticity over time, which may result in
a reduction in the effectiveness of the gasket as a seal
means over time. In order to compensate for such a loss
in elasticity, gasket 6000 may be used in conjunction with
one or more biasing elements 6010. For example, as
shown in Fig. 21J, two biasing members 6020 may be
positioned between a bottom surface of gasket 6000 and
a top surface of strain relief member. Upon initial place-
ment, biasing members 6020 may be largely com-
pressed. Over time, if gasket 6000 begins to lose elas-
ticity, the biasing members 6020 may begin to extend to
maintain pressure on gasket 6000 to help maintain the
seal, even as the gasket 6000 loses elasticity. It should
be understood that although two biasing members 6020
are illustrate in Fig. 21J, more or fewer biasing members
may be used. Further, although biasing members 6020
are illustrated as helical springs, the biasing members
6020 may take any other suitable form, and may be pro-
vided in other positions. For example, as shown in Fig.
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21K, gasket 6000 is illustrated as being split into two piec-
es, with two biasing members 6020 positioned between
the two pieces of gasket 6000 to help maintain the seal
if the pieces of gasket 6000 lose elasticity over time. Fig.
21L, on the other hand, illustrates two biasing members
6020 positioned to contact the top of gasket 6000 and
an interior of the top surface of port 1391b. The function
of the biasing members 6020 of Fig. 21L is identical to
those described above. In another embodiment, as
shown in Fig. 21M, one or more biasing members 6020
may be positioned inside of gasket 6000, in any desired
orientation, so that if gasket 6000 begins to lose elasticity
over time, biasing members 6020 may help compensate
for the loss and maintain the seal provided by gasket
6000.

[0110] Referring again to Figs. 19A-20D, and in par-
ticular Figs. 19C-D and 20C-D, patch panel system 1300
may include a rear enclosure or cartridge 1314 which
may be used to store electronics, sensors, and/or addi-
tional cable connector components. Fig. 20C illustrates
that the rear cartridge 1314 may be hingedly mounted to
the frame 1302 so that rear cartridge can be accessed
by rotating the cartridge 1314 with respect to the frame
1302. For example, rear cartridge 1314 may be hinged
near abottom end so that the top end rotates in a direction
D1 away from the rear of the frame 1302, or the cartridge
1314 may be hinged near its top end so that the bottom
end rotates in a direction D2 away from the rear of the
frame 1302. Referring to FIG. 20C, the cartridge 1314
may be in a stored condition confronting a rear portion
of the housing, such that a substantially closed interior
space is defined at the rear portion of the housing. In
addition, when the cartridge 1314 is rotated with respect
to the frame to obtain a condition in which an interior of
the cartridge 1314 may be accessed, the cartridge and
the rear portion of the housing may define a substantially
open interior space at the rear portion of the housing. It
should be understood that other mechanisms may pro-
vide for cartridge 1314 be moved so that the interior of
the cartridge may be accessed. For example, the top
and/or bottom of rear cartridge 1314 may be slidingly
connected to components of patch panel system 1300
so that the cartridge can slide in either lateral direction,
with the cartridge moving in a single plane. In other em-
bodiments, the cartridge 1314 may be coupled to the
frame 1302, for example by a corner hinge, so that the
cartridge may rotated to the left or right while remaining
in a single plane. Movement or rotation of cartridge 1314
in a single plane (for example via the sliding mechanism
or corner hinges mentioned above) may be particular
suitable for double patch panel systems, described in
greater detail below.

[0111] Patch panel system 1300 may also include a
cover 1380 similar to cover 1280 of patch panel system
1200, although the covers may differ in certain aspects.
Cover 1380 may be substantially dome-shaped, and a
transverse cross-section of the cover is shown in Fig.
22A. As shown in Fig. 22A, cover 1380 may include a
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guide slot 1382 extending vertically from a bottom of the
interior of the cover 1380 toward a top of the cover. Al-
though only one guide slot 1382 is shown, it should be
understood that two guide slots 1382 are preferably in-
cluded on diametrically opposed portions of the interior
of the cover. Further, the guide slot 1382 may take the
form of a local recessed portion with a relatively wide
recess near the bottom edge of the cover which tapers
to a narrow portion which extends a distance toward the
top of the interior of the cover. Guide slots 1382 may help
restrict the cover 1380 to fit over frame 1302 in a single
orientation or one of a limited number of orientations. For
example, the top portion 1306 of frame 1302 may include
a relatively straight or flat portion at a spaced distance
from a top surface of the internal housing or chassis, and
two end portions that extend beyond the side walls 1304
of frame 1302. As shown in Fig. 22A, each guide slot
1382 may be sized to accept one of the end portions of
the top portion 1306 of frame 1302, so that the cover
1380 is unable to rotate with respect to the frame 1302
when the ends of the top portion 1306 of the frame 1302
are withinthe guide slots 1382. The relatively wide portion
of the guide slot 1382 near the bottom edge of the cover
1380 may assistin properly orienting the guide slots 1382
with respect to the ends of the top portion 1306 of the
frame 1302. As noted above, the end portions of the top
portion 1306 of the frame 1302 may extend beyond side
walls 1304 of the frame 1302. With this configuration,
when cover 1380 encloses frame 1302, a gap space will
remain between the side walls 1304 of the frame 1302
and the interior wall of the cover 1380, as shown in Fig.
22B. Thus, if an item unintentionally strikes the outside
of the cover 1380, this gap space may provide extra pro-
tection to components covered by the cover 1380. In ad-
dition, the straight portion of the top portion 1306 of frame
1302 may be spaced above the top of the internal housing
or chassis to provide a convenient grip region so that a
user may use the top portion 1306 of the frame 1302 as
a handle. As with cover 1280 and base 1290, cover 1380
and base 1390 may provide a water-tight seal to patch
panel system 1300, which may be facilitated by latch
mechanisms described in greater detail below. It should
be understood that, particularly when external environ-
mental conditions are not likely to cause damage to in-
terior components of the system 1300, the cover 1280
may be omitted, with the hanger plate assemblies 1320a,
1320b serving to protect the interior components when
in a stored condition. It should be understood that if the
cover 1380 is omitted, other structures may be provided
to protect the side and rear portions of system 1300, with
the front of the system 1300 being protected by hanger
plate assemblies 1320a, 1320b.

[0112] While the patch panel system 1300 is shown
including hanger 1323a, 1323b on the inside of the re-
spective hanger plates 1321a, 1321b that are similar to
hangers 1223, other types of hangers may be used in
addition or as an alternative. For example, Fig. 23A
shows a hanger unit 1323’ that may be used in addition
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to or as a replacement for hangers 1323a and/or 1323b.
Hanger unit 1323’ may include a support 1324’ and a
plurality of individual hangers 1325’ extending from the
support 1324’. The support 1324’ may be formed integral
with the corresponding hanger plate 1321a or 1321b, or
may be a separate member attached to the hanger plate.
The free end of each hanger 1325’ may include a latch
member 1326’ that is hingedly coupled to the free end,
for example by a living hinge mechanism. The free end
of each hanger 1325’ may also include a lip 1327’. In the
illustrated example, half of the free end of each hanger
1325’ includes a latch member 1326’ and the other half
of the free end includes the lip 1327’. The latch member
of each hanger unit is shaped to receive and engage with
the lip of another hanger unit in a latched configuration,
as described below. Preferably, the position of the latch
member 1326’ and the lip 1327’ on the free end of each
hanger 1325’ is reversed between vertically adjacent
hangers 1325'’. With this configuration, the latch member
1326’ of a first hanger 1325’ may be pivoted toward the
lip 1327’ of a second hanger 1325’ positioned immedi-
ately above the first hanger. Thus, each latch member
1326’ may be pivoted from an open condition, as shown
in Fig. 23A, to alatched condition, as shown in Figs. 23B-
C, to create a closed space or continuous boundary be-
tween two vertically adjacent hangers 1325'. In the illus-
trated configuration, the lips 1327’ may be substantially
cylindrical, and each latch member 1326’ may include
two prongs or flanges that form a cylindrical recess that
clips over the cylindrical portions of the lips 1327°. It
should be understood that the top-most hanger 1325’ in
hanger unit 1323’ need not include a latch member if the
latches are to be pivoted upward. In other embodiments,
the latch members 1326’ may pivot downward, in which
case the top-most hanger 1325’ preferably includes a
latch member 1326’ and the bottom-most hanger 1325’
need notinclude alatch member 1326’. Further, it should
be understood that the lip portion 1327’ may include ge-
ometries other than cylindrical, and the latch members
1326’ may include any complementary geometry to the
lips 1327’. Further, if support 1324’ is not integral with
the corresponding hanger 1321a or 1321b, the support
1324’ may include features such as holes to assist in
coupling the hanger unit 1323’ to the hanger, for example
by screws or bolts.

[0113] Cover 1380 and/or base 1390 may include lock
or latch mechanisms to assist in drawing cover 1380 into
alocked condition, and maintaining the locked condition,
with respect to base 1390. Figs. 24A-B show bottom per-
spective views of cover 1380 covering the patch panel
system 1300 with latch mechanisms engaged, drawing
the cover 1380 securely to the base 1390. In the illus-
trated embodiment four separate latches are illustrated.
Figs. 24A-B illustrate that base 1390 may include a plu-
rality of ribs 1395. In the embodiment of Fig. 24A, four
pairs of ribs 1395 each extend from an inner circumfer-
ence of the underside of base 1390 toward a center cir-
cular extension 1396. In the embodiment of Fig. 24B,
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four groups of ribs 1395 extend from an inner circumfer-
ence of the underside of base 1390 toward a center, with
each group of ribs having the shape of a quarter circle
with a first and second rib forming substantially a 90 de-
gree angle with respect to one another, and a third rib
forming substantially a 45 degree angle with respect to
the first and second ribs. In both embodiments, each latch
extends between ribs so that, at least in the latched con-
dition, the latches do not protrude beyond the bottom of
the base 1390. However, in other embodiments, one or
more latches need not extend between ribs and may pro-
trude beyond the bottom of the base 1390. The ribs 1395
may help strengthen the base 1390 so that, when the
base 1390 experiences forces from the latch mecha-
nisms drawing the cover 1380 onto the base 1390, the
base 1390 resists any significant deflection, at least in
part due to the strength of the ribs 1395. It should be
understood that ribs 1395 may be provided in different
numbers and configurations than shown in Fig. 24A-B to
provide the intended strength to resist deflection upon
latching.

[0114] Fig. 24C shows a cross-section of a first em-
bodiment of the latch mechanism of Figs. 24A-B in a
latched condition in which cover 1380 is latched to base
1390. In the illustrated embodiment, base 1390 may in-
clude arecessed portion 1397 extending around an outer
circumference of the base 1390, with an O-ring 1399 (or
agasket or other similar seal) seated within the recessed
portion 1397. A bottom edge of cover 1380 may include
an upward facing hook 1381 that contacts the outer sur-
face of base 1390 adjacent the recessed portion 1397,
including O-ring 1399. In the illustrated embodiment, the
latch takes the form of an over-center draw latch with
lever 1383 rotatably coupled to the base 1390 ata recess
in the base 1390, and a downward facing hook portion
1384 having a first end coupled to the lever 1383 and a
second end configured to hook over the upward facing
hook 1381 of the cover 1380. Rotating the lever 1383 of
the latch mechanism in the counter-clockwise ("CCW")
direction in the view of Fig. 24C tensions and/or pulls the
downward facing hook 1384, and thus the upward facing
hook portion 1381 of the cover 1380, into close contact
with the base 1390. Rotating the lever 1383 in the oppo-
site clockwise ("CW") direction releases tension on
downward facing hook 1384 and thus also releases ten-
sion on upward facing hook 1381 of cover 1380. Aninner
surface of the upward facing hook 1381 that contacts the
O-ring 1399 may be provided at an angle a to vertical,
between about 0 degrees (vertical) and about 45 de-
grees. Preferably, the angle a is between about 15 de-
grees and about 30 degrees. The O-ring 1399 being in
the recessed portion 1397 of base 1390 advantageously
provides that reduced force is needed to achieve a de-
sired compression seal between the cover 1380 and
base 1390, and also permits for ease of detachment of
the cover 1380 from the base 1390. This functionality
may be provided, at least in part, by the angle a of the
inner surface of the hook portion 1381 of cover 1380 and
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the correspondingly angled outer surface of base 1390
adjacent recess 1397. It should be understood that mul-
tiple latch mechanisms may be provided with the base
1390, although only one is shown in Fig. 24C.

[0115] Other latch mechanisms may also be suitable
in place of that shown in Fig. 24C. For example, Fig. 24D
shows a cross-section of an alternative option for a latch
mechanism similar that shown in Fig. 24C. In the embod-
iment of Fig. 24D, cover 1380 includes the same hook
portion 1381 as described above, and base 1390 in-
cludes the same recessed portion 1397 and O-ring 1399.
The lever 1383’ of this latch mechanism may function as
a handle and be slightly differently structured than lever
1383, the lever 1383’ having a substantially flat end that
interacts with base 1390 and to which downward facing
hook 1384 is coupled. Instead of rotating lever 1383’, it
may be gripped as a handle and pulled to tension down-
ward facing hook 1384. While tension is applied to down-
ward facing hook 1384, lever 1383’ may be moved to the
position shown in Fig. 24D, with contact between the flat
surface ofthe lever 1383’ and a correspondingly flatinner
surface of base 1390 maintaining the lever 1383’ in the
position shown. In the illustrated position, tension on
downward facing hook 1348 results in tension being ap-
plied to the upward facing hook 1381, drawing the cover
1380 into close contact with the base 1390. To release
the latch, a user may simply grasp lever 1383’, move the
flat surface of the lever out of contact with the correspond-
ingly flatinner surface of the base 1390, and position the
lever to release tension on the downward facing hook
1384.

[0116] Fig. 24E shows a cross-section of the latch
mechanism of Fig. 24C latching the cover 1380 to the
base 1390 in two optional positions. In particular, Fig.
24E shows that the lever 1383 of the latch mechanism
can be positioned near the bottom of the base 1390 in a
first position 1383a, or within a recess in the base 1390
in a second position 1383b so that the base 1390 extends
below the lever 1383b. If lever 1383 is provided in a re-
cessed position 1383b, an opening 1398 may be provid-
ed in the base 1390 for easy access to the recessed
lever. It should be understood that Fig. 24E illustrates
two levers 1383a, 1383b to show how afirstlever position
option 1383a would compare to a second lever position
option 1383b, and both levers would not be included for
a single latch mechanism. One potential benefit of posi-
tioning the lever of a latch mechanism a farther distance
from the point of contact with the cover 1380, for example
in position 1383a compared to position 1383b, is that
additional material may be provided for base 1390, re-
sulting in a generally thicker and/or stronger base. With
a stronger base, portions of the base 1390, and particu-
larly portions of the base adjacent the latch mechanism,
may be less likely to buckle or otherwise deform when
forces due to latching the latch mechanism are applied
to base 1390.

[0117] Figs. 24F and 24G show side and cross-sec-
tional views, respectively, of a latch mechanism that may
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be used as an alternate to or in addition to any of the
latch mechanisms described above. The latch mecha-
nism of Figs. 24F-G may be generally similar to that of
Fig. 24C, with the main exception being that the latch
mechanism includes a substantially "U"-shaped engage-
mentarm 1384" instead of a downward facing hook 1384.
As shown in Fig. 24G, lever 1383" may be rotated in the
CCW direction of Fig. 24G to draw cover 1380 into close
contact with base 1390 when the engagement arm
1384" engages the upward facing hook 1381 of the cov-
er. In order to release the tension on the cover, the lever
1383" may be rotated in the CW direction of Fig. 24G.
As shown in Fig. 24F, base 1390 may include an opening
1398 through which portions of the latch mechanism are
positioned, similar to that shown in Fig. 24E. It should be
understood that opening 1398 is not visible in Fig. 24G
and is represented with broken lines. The latch mecha-
nism may be coupled to the base 1390 by one or more
fasteners, such as the bolts shown in dashed lines in Fig.
24G.

[0118] Figs. 24H-1 are cross-sections of a cover
1380" and a base 1390" that may be similar to any of the
other covers and bases described herein, with an excep-
tion being the points of contact between the cover
1380" and the base 1390". In this embodiment, a bottom
portion of the cover 1380" may include a substantially
triangular recess shaped to house a gasket such as an
O-ring 1399 therein, with the larger portion of the trian-
gular recess being positioned closer to the base 1390"
in the closed or latched condition. Base 1390", on the
other hand, may include a substantially triangular or sub-
stantially trapezoidal protrusion extending from the base
toward the cover 1380". The top of the triangular or trap-
ezoidal protrusion may include a tip, which may be round-
ed, extending therefrom. As is best shown in Fig. 241,
when the cover 1380" is connected to the base 1390",
for example in a latched condition, the triangular or trap-
ezoidal protrusion of the base 1390" is received within
the triangular recess of the cover 1380", with the tip of
the protrusion contracting O-ring 1399. The tip of the pro-
trusion of the base 1390" may act as a force concentrator
on the O-ring 1399, facilitating a better seal between the
cover 1380" and the base 1390". It should be understood
that both the triangular-shaped recess of the cover 1380"
and the triangular shaped protrusion and tip of the base
1390" may extend across an entire circumference of the
cover 1380" and base 1390", or less than the entire cir-
cumference. Further, the configuration of the cover 1380"
and base 1390" shown in Figs. 24H-I may be incorporat-
ed into any of the covers and bases described herein as
being capable of latching to one another, and any of the
latch mechanisms described herein may be used with
the cover 1380" and base 1390" of Figs. 24H-I.

[0119] Figs. 24J-K are cross-sections of a cover
1380 and a base 1390 that have connection features
thatare generally reversed compared to cover 1380" and
base 1390" of Figs. 24H-l. In other words, base
1390 may include a substantially triangular recess for
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receiving a gasket or O-ring 1399 and a protrusion and
tip of cover 1380°". Cover 1380 may include a substan-
tially triangular or substantially trapezoidal protrusion
with a tip that acts as a force concentrator on O-ring 1399
when the cover 1380 is latched or otherwise coupled to
base 1390". It should be understood that, other than the
reversal of these interacting structures, the description
of cover 1380" and base 1390" above fully applies to cov-
er 1380™ and base 1390 of Figs. 24J-K.

[0120] Fig. 24L is a perspective view of a cover 1380™
and base 1390" that are similar to those described
above, with latch mechanisms thatare separately applied
to the cover and base. For example, whereas cover 1380
of Figs. 24F-G is shown as including an integral upward
facing hook 1381 for engagement with a latching mech-
anism, cover 1380™ includes a plurality of cover latch
portions CL coupled to the cover, each cover latch portion
CL including an upward facing hook 1381™ that may be
similar in shape and purpose to upward facing hook 1381
of Figs. 24F-G. In the illustrated embodiment, a plurality
of individual cover latch portions CL are coupled near the
bottom of cover 1380™ at spaced locations around the
circumference of the cover 1380"". Similarly, base 1390™"
may include a plurality of base latch portions BL coupled
to the base 1390" at spaced locations around the cir-
cumference thereof. Each base latch portion BL may be
similarin structure and function to the latches on the base
of 1390 described in connection with Figs. 24F-G. For
example, each base latch portion BL may include a U-
shaped engagement arm 1384" operatively coupled to
a lever 1383"", where the lever 1383"" is rotated to en-
gage and/or lock the U-shaped engagement arm 1384""
to a corresponding upward facing hook 1381"" to draw
the cover 1380"" toward and into sealing engagement
with the base 1390"". As noted above, it should be un-
derstood that the functional aspects of the latching mech-
anism illustrated in Figs. 24L may be identical or sub-
stantially similar to the latching mechanism described in
connection with Figs. 24F-G, and the base and cover of
Fig. 24L may include any of the O-ring and/or gaskets
described in connection with Figs. 24C, 24H, and/or 24
I. A main difference of the latching mechanisms of Fig.
24L is that the cover latch portions CL and base latch
portions BL are separately attached to the cover 1380™
and the base 1390"", respectively, for example by
screws, bolts, adhesives, or any other suitable mecha-
nism. With this variation, it is possible to form the cover
latch portions CL and base latch portions BL of any de-
sired material, regardless of the materials forming cover
1380"" and base 1390"". For example, base 1390"" and
cover 1380"" may be formed of a plastic, such as a hard
plastic such as polyethylene, or even a soft plastic or a
metal. In one embodiment, cover latch portions CL and
base latch portions BL are formed of a rigid material such
as a metal. In certain configurations above, the act of
operating one or more latch mechanisms to draw the
cover to the base may resultin some amount of deflection
in the portions of the cover and/or base at or adjacent
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the latch. However, in the example of Fig. 24L in which
the cover latch portions CL and base latch portions BL
are formed of a metal, the cover 1380 and/or base
1390™ are less likely to deform, such that deformation is
less or effectively eliminated, because of the metallic or
otherwise rigid structure of the cover latch portions CL
and base latch portions BL. In one embodiment, in order
to minimize the amount of deflection, cover latch portions
CLandbase latch portions BL may have a predetermined
width, so thatinthe aggregate, the plurality of cover latch-
es CL extends along a substantial percentage of a cir-
cumferential portion of the cover 1380"" near its bottom,
while the plurality of base latches BL extends along a
substantial percentage of a circumferential portion of
base 1390™ near its top. In some examples, cover latch
portions CL and base latch portions BL extend, respec-
tively, along at least 80%, or at least 90% of the circum-
ferential portions of the cover 1380" and base 1390"".
Fig. 24M shows an embodiment in which a cover latch
portion CL and a base latch portion BL extend respec-
tively along 100% of circumferential portions of the cover
1380"" and base 1390"", with the cover, base, and latch-
ing mechanisms otherwise being identical to that shown
in Fig. 24L. In other words, cover latch portion CL of Fig.
24M is a continuous structure that extends around the
entire circumference of cover 1380"" while base latch
portion BL is a continuous structure that extends around
the entire circumference of base 1390"". This configura-
tion, compared to the configuration of Fig. 24L, may be
more simple from a manufacturing and attachment stand-
point, and may also further reduce the likelihood of extent
of any deflection of the cover 1390"" and/or base 1390""
when using the latch mechanism to draw the cover to-
ward the base.

[0121] In some embodiments, the draw latches de-
scribed above may be eliminated entirely and separate
mechanisms for sealing and/or locking cover 1380 to
base 1390 may be provided. For example, Fig. 24N il-
lustrates an embodimentin which there are nodraw latch-
es, but rather fasteners F are provided coupled to cover
1380 to securely attach the cover 1380 to the base 1390.
As shown in Figs. 24N-O, a top portion 1306 of frame
1302 may include one or more apertures that align with
apertures in cover 1380 when cover 1380 is coupled to
base 1390. In the illustrated embodiment, two fasteners
F are included with cover 1380. When cover 1380 is slid
over frame 1302, the top portion 1306 of frame 1302 may
guide the cover 1380 similar to the description in con-
nection with Figs. 22A-B. As the top of the cover 1380
nears the top portion 1306 of the frame 1302, as shown
in Fig. 240, apertures in the cover 1380 align with cor-
responding apertures in the top portion 1306 of frame
1301. At this point, fasteners F (which may be passed
partially through cover 1380 as it is placed over the frame
1302) may be rotated to draw the cover 1380 into base
1390. In the illustrated example, fasteners F are bolts
that may thread directly into the top portion 1306 of frame
1302, or into nuts or other receiving structures coupled
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to the top portion 1306 of frame 1302. However, it should
be understood that the fasteners F may have suitable
forms other than bolts, and although two fasteners F are
shown, a single fastener may be used, or more than two
fasteners may be used. Further, although Fig. 240 illus-
trates a gasket 1399 having a configuration similar to that
of Figs. 24J-K, it should be understood that other config-
urations may be suitable, such as that shown in Figs.
24H-1 or that shown in Fig. 24C. In any event, using fas-
teners F to draw the cover 1390 toward base 1380 pref-
erably results in a tight seal between the cover and the
base, without the need for any of the types of latch mech-
anisms described above in connection with Figs. 24A-M.
It should further be understood that other components of
the system, including portions of the communication sys-
tem that would reside within frame 1302, are omitted from
the view of Figs. 24N-O to better and more clearly illus-
trate the mechanism for securing the cover 1380 to the
base 1390 in a sealed condition.

[0122] Fig. 25A shows patch panel system 1300 in the
same view as Fig. 20A with an additional accessory mem-
ber for maintaining the hanger plates 1321a, 1321b in
the maintenance condition during maintenance of cables
C. The accessory member may include a first bar 1500a
attached to an inner surface of hanger plate 1321a near
the hinge on the side wall 1304 of the frame 1302, and
asecond bar 1500b attached to an inner surface of hang-
er plate 1321b near the hinge with the other side wall
1304 of the frame 1302. It should be understood that, in
the view of Fig. 25A, second bar 1500b is mostly blocked
from view by hanger plate 1321b and is thus shown in
dashed lines. In a stored condition of the bars 1500a,
1500b, each bar may extend from a bottom to a top of
the corresponding hanger plate 1321a, 1321b, the bars
in the stored condition allowing the hanger plates to freely
open or close. The first bar 1500a may be connected to
the hanger plate 1321a by a hinge 1510a at one of the
top and bottom of the bar 1500a, and the second bar
1500b may be connected to hanger plate 1321b by a
hinge 1510b at the other of the top and the bottom of the
bar 1500b, such that the two bars 1500a, 1500b are
hinged at opposite ends of the respective bars. When
the hanger plates 1321a, 1321b are opened, the user
may swing both bars 1500a, 1500b about their hinges
1510a, 1510b, as shownin Fig. 25B. With the bars 15003,
1500b rotated about their respective hinges 1510a,
1510b to a maintenance condition, the bars 1500a,
1500b may prevent the hanger plates 1321a, 1321b from
closing unintentionally. Preferably, bars 1500a, 1500b
remain in a given position (i.e. stored position, mainte-
nance position) in the absence of applied force, so that
the bars do not move, i.e., swing, due to gravity in the
absence of an intentional force applied by a user.
[0123] Inthe stored condition ofthe bars 1500a, 1500b,
the bars may overlie one or more cables C such that a
user may be required to swing the bars to the mainte-
nance condition in order to perform maintenance. This
may provide a safety condition that the user is forced to
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initiate prior to being able to perform maintenance. Ca-
bles C passing behind bar 1500a are shown in Fig. 25A.
Fig. 25C shows a top view of patch panel system 1300
with the bars 1500a, 1500b in the stored condition and
the hanger plates 1321a, 1321b in both the installed
(closed) and maintenance (open) conditions for compar-
ison. The fact that the bars 1500a, 1500b may overlie
cables C when the bars are in the stored position is also
illustrated in Fig. 25C. The bars 1500a, 1500b may have
various shapes and preferably are rigid enough to pre-
ventthe hanger plates 1321a, 1321b from unintentionally
closing when the bars 1500a, 1500b are rotated about
their hinges 1510a, 1510b and the hanger plates of the
patch panel system 1300 is in the maintenance condition.
The bars 1500a, 1500b may be substantially cylindrical,
which may provide that a minimum bending radius is
maintained for the cables C when the bars 1500a, 1500b
overlie the cables C and the patch panel system 1300 is
in the stored condition. A cylindrical shape of bar 1500a
isillustrated in Fig. 25D. However, as noted above, other
shapes may be suitable, particularly ones that provide
fora minimum bending radius to be maintained for cables
C. For example, Fig. 25D illustrates an alternate shape
for a bar 1500a’ that may be used as an alternative to
the cylindrical shape of bar 1500a. As illustrated, bar
1500a’ includes an outer arcuate surface, the outer ar-
cuate surface intended to contact cables C to maintain
a minimum bending radius of the cables. It should be
understood that a bar having an arcuate shape, such as
bar 1500a’, may be used in place of bar 1500b as well.
Still further, it should be understood that the bars 1500a,
1500b may be attached to the frame 1302 instead of the
hanger plates 1321a, 1321b. Forexample, a bracket with
a hinge may be mounted on each side wall 1304 of frame
1302 near opposite corners of the front open face of the
frame 1302, one bar attached to each bracket. However,
other attachment methods are within the scope of this
disclosure.

[0124] Fig. 26A shows patch panel system 1300 with
an accessory in the form of a water sensor system 1600.
When used with water sensor system 1600, the side walls
1304 of frame 1302 may extend a farther distance below
bottom portion 1308 of frame 1302 in order to create a
recessed space between the bottom portion 1308 of the
frame 1302 and the base 1390 and in which the water
sensor system 1600 is disposed. Water sensor system
1600 may be part of an optical time domain reflectometer
("ODTR") system, and configured to include an optical
fiber cable 1610 extending along a nominal axis A be-
tween at least one pair of sponges 1620 or other water-
absorbing structures. The cable 1610 may be part of the
system 1600 and configured for coupling to another cable
supplied from external the system 1300, or be an optical
fiber cable supplied from external the system 1300. It
should be understood that only a portion of cable 1610
is shown in Figs. 26A-C, and cable 1610 may connect to
other portions of an OTDR system as known in the art.
In the illustrated embodiment, each sponge 1620 in-
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cludes a rear portion facing away from cable 1610 and
a front portion facing cable 1610, where the front portion
includes a rounded forward-most portion 1621.

[0125] In a dry state of the water sensor system 1600,
as shown in Figs. 26A-26B, the cable 1610 may extend
along the nominal axis A between the dry sponges 1620,
where the forward-most portions 1621 of the sponges
face the nominal axis, and are in contact with or directly
adjacent the cable 1610, such that cable 1610 extends
substantially straight along the nominal axis. If water en-
ters into the patch panel system 1300, for example during
a flooding event, the sponges 1620 may absorb water
and expand in size, as shown in Fig. 26C. It should be
understood that for simplicity of illustration, only two
sponges 1620 are shown in Fig. 26C. As shown in Fig.
26C, the expansion in size of the sponges 1620 may
cause the forward-most portions 1621 of the sponges
1620 to extend beyond the nominal axis A, so as to con-
tact and push cable 1610 away from the nominal axis,
with adjacent sponges pushing the cable 1610 in oppo-
site directions, causing the cable 1610 to bend at the
sponges 1620, such that an optical signal passing
through the cable 1610 may be partially attenuated or
completely interrupted at the bent cable portions. As
should be understood, two, three, or more sponges may
be used in such a sensor system, preferably with at least
two adjacent sponges 1620 positioned on opposite sides
of cable 1610. The partial attenuation or complete inter-
ruption of an optical signal carried by cable 1610 may be
detected by the OTDR system which may indicate to a
user thatdamage has occurred in a particular patch panel
system 1300 at a particular location. Thus, water sensor
system 1600 may help diagnose problems in patch panel
systems, and may assistin identifying the particular patch
panel system 1300 from a group of patch panel systems
that has encountered a flooding event or other water
event. Fig. 26C illustrates that one or more guides 1630
may also be included in water sensor system 1600. Cable
1610 may extend along one or more guides 1630 such
that, upon expansion of one or more sponges 1620, the
cable 1610 is more likely to bend in a desired manner to
cause signal disruption or interruption.

[0126] Fig. 27A shows a patch panel system 1300’ ac-
cording to another aspect of the disclosure. Patch panel
system 1300’ may include a first patch panel system
1300a’, and a second patch panel system 1300b’, which
may each be similar or identical to one another and sim-
ilar or identical to patch panel system 1300 described
above. Similar or identical components of patch panel
systems 1300a’ and 1300b’ are not described in addi-
tional detail here, as they have been described above in
connection with patch panel system 1300. Patch panel
systems 1300a’ and 1300b’ may be positioned back to
back with a rear face of the rear cartridge of each patch
panel system 1300a’ and 1300b’ facing one another. Ca-
bles C’ from one of the patch panel systems 1300a’ may
be connected to the other patch panel system 1300b’
(and vice versa) to effectively double the capacity of the
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combined patch panel system 1300’ comparedto asingle
patch panel system 1300. In one example, as shown in
Fig. 27A, cables C’ at first patch panel system 1300a’
may extend through a side path between a hanger plate
and the frame, along a side hanger and then to the ad-
jacentsecond patch panel system 1300b’. In another em-
bodiment, the cable(s) C’ may extend over the frame of
one patch panel system 1300a’ to the adjacent second
patch panel system 1300b’. Fig. 27B shows the hanger
assemblies of patch panel system 1300’ of Fig. 27A in
an installed condition. As shown, both patch panel sys-
tems 1300a’, 1300b’ may be attached to a single base
1390, which may be similar to base 1390 in most re-
spects other than the size and the shape of the base
1390’ which may be configured to receive two patch panel
systems 1300a’, 1300b’ compared to base 1390 which
may be configured to receive a single patch panel system
1300. Similarly, patch panel system 1300’ may be cov-
ered by a single cover 1380, which may be used to cover
both patch panel systems 1300a’ and 1300b’ simultane-
ously. Cover 1380’ may be similar or identical to cover
1380 in all respects other than the size and shape, as
cover 1380’ is configured to overlie two patch panel sys-
tems 1300a’, 1300b’ while cover 1380 is configured to
overlie a single patch panel system 1300. For example,
cover 1380’ may include two pairs of internal guide slots
instead of a single pair of guide slots 1382 as may be
provided with cover 1380. In the embodiment of patch
panel system 1300’ illustrated in Fig. 27B, the patch panel
system 1300’ is supported on a shelf 1700 that may slide
relative to a structure to which the shelf is attached. The
shelf 1700 may take the form of a mount bracket 1710
thatincludes a sliding shelf member 1720 that slides with
respect to the mount bracket 1710. In some embodi-
ments, base 1390’ may be rotatably mounted on shelf
member 1720 so that base 1390’ may rotated with re-
spect to shelf member 1720. As illustrated, both base
member 1390’ and shelf member 1720 include substan-
tially flat surfaces that remain parallel to one another dur-
ing rotation. The rotation may have any desired range,
for example up to 90 degrees in one direction, or up to
90 degrees in two directions for a total of 180 degrees of
rotation, although more or less rotation may be provided
as desired. Mount bracket 1710 may be mounted or oth-
erwise fixed to any suitable support structure, such as a
pole 1730. As noted above in connection with Figs. 19C-
D and 20C-D, the rear cartridges of patch panel systems
1300a’ and 1300b’ may rotate or slide in a single plane
to the left or the right so that the cartridge generally re-
mains parallel to the rear face of the respective patch
panel system 1300a’ or 1300b’. Other types of rotation
of the rear cartridges of patch panel systems 1300a’ and
1300b’ may otherwise be precluded since the rear car-
tridges might not have clearance to rotate away from the
rear face of the particular patch panel system.

[0127] Fig. 28Aillustrates two cassettes 1310a, 1310b
of patch panel system 1300 of Figs. 19A-20D, although
similar concepts may be applied to other patch panel
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systems described herein. The first cassette 1310a may
receive an input cable 1800, for example from a service
provider, which is coupled to a splitter module 1810. The
splitter 1810 may split the signal(s) supplied from the
input cable 1800 among a plurality of cables 1820. The
cables 1820 may exit the splitter module 1810 and be
routed to terminate at connectors 1830, each individual
connector 1830 being positioned in a storage rack 1840.
The storage rack 1840 may function to organize the ca-
bles 1820 exiting the splitter module 1810 which are rout-
ed to the individual cassette. In one embodiment, when
an operator desires to connect one of the cables 1820
exiting the splitter module 1810 to a service subscriber,
the connector 1830’ of a cable 1820’ may be removed
from the storage rack 1840 and coupled to a connector
1850 within a separate cassette 1310b of the patch panel
system 1300, resulting in the service subscriber being
connected to the service provider via a cable 1860 and
a corresponding cable 1820'. It should be understood
that, in Fig. 28A, cables 1820 and cable 1820’ (as well
as connectors 1830 and connector 1830’) may be iden-
tical in structure and function, with the different designa-
tion referring only to the fact that the cable is in a stored
condition (1820, 1830) or in a connected service provid-
ing condition (1820’, 1830’). The cable storage rack 1840
may be removable from cassette 1310a such that, after
all of the cables 1820’ exiting the splitter module 1810
are coupled to connectors 1850 within patch panel cas-
sette 1310b (or another similar cassette) to connect serv-
ice subscribers to the service provider, the cable storage
rack 1840 may be physically removed from the cassette
1310a since no more cables 1820 are stored on the cable
storage rack 1840. Figs. 28B and 28C illustrate an ex-
emplary embodiment of the cable storage rack 1840. In
particular, Figs. 28B illustrates an isolated view of the
connector 1830 of a cable 1820, which may include a
strain relief such as a "boot" 1832 and a connector cap
1834, positioned adjacent the cable storage rack 1840,
and Fig. 28C illustrates the boot 1832 of the cable 1820
stored within the cable storage rack 1840. The cable stor-
age rack 1840 may include a plurality of resting spaces
1842 bounded by pairs of adjacent walls 1844 that can
deflect to allow the boot 1832 of the connector 1830 to
be securely stored within the cable storage rack 1840. If
a cable boot 1832 is stored within one slot 1842 in the
cable storage rack 1844, deflection of one or both adja-
cent walls 1844 may be restricted when a cable boot
1832 is snapped into an adjacent slot 1842. Fig. 28D
illustrates another embodiment of a cable storage rack
1840’ that staggers positioning of adjacent individual
slots 1842a’ and 1842b’ alternating in two rows, where
each slot 1842a’ and 1842b’ has respective slot walls
1844a’ and 1844b’, the slots 1842a’, 1842b’ of each row
being spaced apart from adjacent slots 1842a’, 1842b’
in the same row so that the walls 1844a’, 1844b’ are able
to freely deflect, regardless of whether a cable boot 1832
is stored within an adjacent cable slot 1842a’, 1842b’ in
the same row. It should be understood that a plurality of
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splitter cassettes 1310a and a plurality of fiber distribution
cassettes 1310b may be included in patch panel system
1300. For example, the top or bottom half of patch panel
system 1300 may include splitter cassettes 1310a, and
the other of the top or bottom half of patch panel system
1300 may include fiber distribution cassettes 1310b. This
configuration may help better organize the cables enter-
ing and exiting the patch panel system 1300, as well as
cables connecting splitter cassettes 1310a to fiber distri-
bution cassettes 1310b. However, it should be under-
stood that the cassettes 1310 need to be exactly ar-
ranged this way, and modifications may be suitable.
[0128] Fig. 28E illustrates a plurality of splitter modules
1810 in a stacked configuration, in accordance with an
aspect of the present disclosure. Although the stacked
configuration of the splitter modules 1810 is described
below with reference to an exemplary embodiment of be-
ing provided on a splitter cassette 1310a similar to that
shown in Fig. 28A, it should be understood that the con-
struction and features of the stacked configuration of
modules 1810 may be used in another implementation
associated with optical fiber routing and management.
Referring to Fig. 28E, each splitter module 1810 may
include a plurality of individually sheathed cables 1820
that each terminate in a connector 1830, similar to that
shown in Fig. 28A. Fig. 28E illustrates that, when an op-
tical fiber distribution and routing implantation includes a
plurality of stacked splitter modules 1810 that each in-
clude a plurality of individually sheathed cables 1820 that
may be connected to any one of a plurality of connectors
(such as connectors 1850 of any one of a group of
stacked fiber distribution cassettes 1310b shown in Fig.
28A), congestion and/or tangling of cables 1820 may be-
come a problem. In the example of Fig. 28E, each cable
1820 may have a cable jacket or sheath forming an ex-
terior of the cable and housing an individual fiber, where
an outer diameter of the cable at the exterior surface of
the jacket or sheath is between about 0.9 mm and about
1.6 mm.

[0129] Fig. 28F illustrates a plurality of splitter modules
1810’ in a stacked configuration similar to Fig. 28E with
at least one distinction. In particular, whereas splitter
module 1810 includes a plurality of individual cables 1820
each containing therein, within the sheath or outer jacket
ofthe cable, anindividual fiber extending out of the splitter
module 1810, each splitter module 1810’ may include an
output cable 1811’ extending therefrom, where the output
cable 1811’ houses within its sheath or outer jacket a
plurality of individual fibers 1812’ (see Fig. 28G). For ex-
ample, if each splitter module 1810 includes thirty-two
individual cables 1820 extending therefrom, with each
cable housing a single fiber, each splitter module 1810’
may include an output cable 1811’ exiting the splitter
module 1810, the output cable 1811’ housing thirty-two
fibers 1812’. Referring now to Figs. 28F and 28G, the
output cable 1811 may terminate in a coupling 1813’.
Each individual fiber 1812’ may exitcable 1811’ and enter
an individual cable 1814’ that begins at or within coupling
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1813’. In other words, in one example, thirty-two individ-
ualfibers 1812’ may extend out of a splitter module 1810’,
with the thirty-two individual fibers being housed within
a single output cable 1811°. At the coupling 1813’, each
individual fiber 1812’ may exit the output cable 1811,
and may each enter a corresponding individual cable
1814’, the individual fibers 1812’ being continuous
through the coupling 1813’. Each individual fiber 1812’
and corresponding individual cable 1814’ may terminate
in a connector 1830, which may be similar to other con-
nectors described herein.

[0130] Itshould be understood thatcoupling 1813’ may
have any suitable configuration. For example, although
Fig. 28G illustrates coupling 1813’ as being substantially
cylindrical with a first end overlying a terminal end of out-
put cable 1811, coupling 1813" may have other shapes
and the terminal end of output cable 1811’ may overlie
one end of coupling 1813’. In one example, the terminal
end of output cable 1811’ may overlie a first end of cou-
pling 1813’, and the coupling 1813’ may extend to a sec-
ond end that is the same size as or larger in size than its
first end. Still further, although Fig. 28G shows three fib-
ers 1812’ entering terminal ends of three corresponding
individual cables 1814’ within coupling 1813’, it should
be understood that any suitable number of fibers 1812’
and respectively corresponding individual cables 1814’
may be connected through coupling 1813’, such as, for
example thirty-two fibers 1812’ that enter respectively
thirty-two individual cables 1814’ in coupling 1813’. Fur-
ther, while Fig. 28G illustrates a retainer 1815’ retaining
terminal ends of individual cables 1814’ within coupling
1813, other mechanisms may be suitable to secure the
terminal ends of individual cables 1814’ within coupling
1813'. For example, one or more retainers 1815’ in the
form of crimping members may secure the terminal end
of output cable 1811’ in coupling 1813’ and/or the terminal
ends of individual cables 1814’ within coupling 1813'.
[0131] Fig. 28H is similar to Fig. 28F, and additionally
shows inputs to the splitter modules 1810’ and outputs
of a patch panel. For example, a plurality of cables 1860
may exit each patch panel cassette 1310b, in substan-
tially the same manner as shown and described in con-
nection with Fig. 28A, the cables 1860 connecting to re-
spective subscribers, for example. One or more individ-
ual input cables 1816’, each containing at least one op-
tical fiber within a sheath or outer jacket, may be coupled
to each splitter module 1810’ and route an incoming sig-
nal(s), such as from a service provider, into splitter mod-
ule 1810’. Fig. 28H illustrates three examples of input
cables into splitter module 1810’. Two of the input cables
1816’ are substantially identical and illustrate that input
cables may enter on different faces of splitter module
1810’. The two substantially identical input cables 1816’
extend to a connector 1818’, such that the entirety of the
input cable between connector 1818’ and splitter module
1810’ isanindividual cable, in otherwords, a cable having
a sheath or outer jacket housing an optical fiber or fibers
therein. However, in other embodiments, the input cable
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may be configured to fan out similar to the output cables
of splitter module 1810’. For example, Fig. 28H illustrates
an individual input cable 1816’ extending from splitter
module 1810’ to a coupling 1819’, from which the input
cable 1816’ branches or fans out into two additional input
cables 1817’, each attached to a connector 1818’. This
similarly allows for minimizing congestion of cables en-
tering splitter module 1810’, so that each point of entry
into splitter module 1810’ is an individual cable 1816'.
[0132] Referring still to Fig. 28H, it should be under-
stood that the total number of individual cables 1811’
preferably is always smaller than the total number of in-
dividual cables 1814’ extending therefrom. Further, a
transverse cross-sectional area (CA) of an individual ca-
ble 1811’ as defined by an outer perimeter surface of the
cable preferably is always smaller than the sum (CA-
sum) of the transverse cross-sectional areas as respec-
tively defined by an outer perimeter surface of each of
the individual cables 1814’ extending therefrom. The dif-
ference between the CA and the CA-sum distinguishes
the present disclosure from a conventional implementa-
tion in which, for example, a given number of cables ex-
tends between two ports or connectors, and a portion of
those cables is covered with a jacket or other covering,
where the covered portion would necessarily have a
cross-sectional area as defined by an outer perimeter
surface of the cable at the covered portion greater than
the sum of the cross-sectional area as defined by an outer
perimeter surface of the individual cables. In some em-
bodiments, each individual cable 1811’ may be substan-
tially circular and have a diameter of between about 2
mm and about 5 mm, but it should be understood that
other shapes and sizes may be suitable for the cables
1811’. For example, the individual cable 1811’ may be a
ribbon cable or substantially flat shape. The individual
cables 1814’ may each be substantially circular and may
each have a diameter of between about 0.9 mm and
about 1.6 mm, although other shapes and sizes may be
suitable for the individual cables 1814’. Regarding the
input cables, it should be understood that the total
number of individual input cables 1816’ is preferably al-
ways less than or equal to the number of corresponding
connectors 1818’. In other words, the number of input
cables 1816’ may be equal to the number of connectors
1818’ when there are no branches 1817’ present. Oth-
erwise, if branches 1817’ are present, the number of total
branches 1817’ (as well as the number of total connectors
1818’) must be greater than the number of individual input
cables 1816’. It should be understood that, using this
terminology, a single input cable 1816’ that extends to a
connector 1818’ without branching would be classified
as having a single "branch." Further, in a system similar
to that shown in Fig. 28H, the total number of branches
1817’ (as well as the total number of connectors 1818’)
preferably is always less than the total number of indi-
vidual cables 1814".

[0133] Although Figs. 28F-H illustrate specific embod-
iments incorporating certain features to help manage ca-
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ble congestion in a system in which one or more splitter
module 1810’ are provided to couple to ports of patch
panel cassettes 1310b of a fiber distribution hub, it should
be understood that other configurations are possible. For
example, the splitter modules 1810’ need not be used to
connect cables to ports of patch panel cassettes 1310b
in a fiber distribution hub, but rather may be used to con-
nect cables from one or more splitter modules 1810’ to
any desired device while reducing cable congestion. Sim-
ilarly, the output cables 1811’ may be provided without
the particularinput cables 1816’ of Fig. 28H, and the input
cables 1816’ may be provided without the particular out-
put cables 1811’ of Fig. 28H. Further, while Fig. 28F il-
lustrates that an output cable 1811’ may be coupled to
each individual splitter module 1810°, more than one out-
putcable 1811’ may be coupled to each individual module
1810, for example the two output cables 1811’ coupled
to the top-most splitter module 1810’ in the stack as
shown in Fig. 28H. Still further, while all of the fibers 1812’
output from an individual splitter module 1810’ may pass
through one output cable 1811, in other embodiments
one group of fibers 1812’ may pass through a first output
cable 1811’ while a second group of fibers 1812’ may
pass through a second output cable 1811°. For example,
if a splitter module 1810’ includes thirty-two output fibers
1812, all thirty-two output fibers 1812’ may be routed
through a single output cable 1811’, or in the alternative
two groups of sixteen fibers 1812’ may each be routed
through two different output cables 1811’. It is preferable
that in all cases, including the alternative examples de-
scribed above, the relationships described above still ap-
ply. For example, in the case where two groups of sixteen
fibers 1812’ extend through two output cables 1811’, and
then each group extends through a corresponding cou-
pling 1813’ to two corresponding groups of sixteen indi-
vidual cables 1814’, each group of sixteen individual ca-
bles 1814’ has a cumulative transverse cross-sectional
area that is greater than the transverse cross-sectional
area of the corresponding output cable 1811’ Still further,
while Fig. 28A shows that a splitter cassette 1310a may
include a single splitter module 1810, it should be under-
stood that additional splitter modules 1810 may be pro-
vided on a single splitter cassette 1310a. One or more
splitter modules 1810’ described in connection with Figs.
28F-H may similarly be provided on splitter cassettes,
including one or more splitter modules 1810’ per splitter
cassette.

[0134] Figs.29A-B show patch panel system 1300 with
an accessory inthe form of arecording sheet 1900. Patch
panel system 1300 is not described in greater detail be-
low with the exception of the recording sheet 1900. How-
ever, it should be understood that recording sheet 1900
or a similar accessory may be used in conjunction with
other patch panel systems described herein. The hanger
plates 1321a, 1321b of patch panel system 1300 are
shown in an open or maintenance condition in Figs. 29A-
29B, with recording sheet 1900 shown in a stored con-
dition in Fig. 29A and an operable condition in Fig. 29B.
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Recording sheet 1900 may take the form of arectangular-
shaped sheet, such as a plastic sheet, and include paper
or a paper-like material on a face of the sheet that can
be recorded on, for example by pen or pencil. In the il-
lustrated embodiment, recording sheet 1900 has a lateral
edge that is hingedly coupled to a free edge of hanger
plate 1321b. However, it should be understood that re-
cording sheet 1900 may instead be provided on hanger
plate 1321a. Similarly, two recording sheets 1900 may
be provided, one on each hanger plate 1321a, 1321b.
Recording sheet 1900 may include indicia 1910 on at
least one face thereof, the indicia 1910 providing infor-
mation to the user to assistin maintenance of patch panel
system 1300. For example, indicia 1910 may include one
or more connection diagrams. Further, indicia 1910 may
include spaces on which the user may record information
regarding patch panel system 1300 during or after main-
tenance, for example to provide a record for later refer-
ence. Although recording sheet 1900 is illustrated as hav-
ing a lateral edge hingedly coupled to a free edge of hang-
er plate 1321b, it should be understood that a top edge
of recording sheet 1900 may be hingedly coupled at a
top edge of the frame or inner chassis of patch panel
system 1300 so that it folds upward to the operable con-
dition, or otherwise a bottom edge of recording sheet
1900 may be hingedly coupled at a bottom edge of the
frame or inner chassis of patch panel system 1300 so
that if folds downward to the operable condition.

[0135] Patch panel systems 1200 and 1300 may be
particularly well suited for applications in which environ-
mental concerns, and in particular water-tight sealing,
are of particular importance. However, in other applica-
tions in which patch panel systems may require less
weather protection and/or less than water-tight sealing,
patch panel systems may be used without separate cov-
ers. For example, Fig. 30A shows a patch panel system
2000 with hanger plates 2021a, 2021b in an installed or
stored condition in accordance with another embodiment
of the disclosure. Fig. 30B shows the hanger plates
2021a, 2021b of patch panel system 2000 in an open or
maintenance condition. Patch panel system 2000 may
include a housing or frame, which in the illustrated em-
bodiment is substantially rectangular with side walls
2004, which may include ports for incoming and outgoing
cables (or cable bundles) C. It should be understood that
cables C may be positioned within sheaths or other pro-
tective members that couple to or enter the ports in the
side walls 2004, and it should be understood that more
or fewer ports may be provided, and the ports may be
positioned on different portions of the housing than side
walls 2004. The ports of patch panel system 2000 may
be similar to other ports described herein. A top wall 2006
of the frame may include one or more hanging elements
2007 coupled thereto. In the illustrated embodiment, two
hanging elements 2007 each have a first end coupled to
top wall 2006 and a second end coupled to a rear wall
of the housing. However, it should be understood that
one or more than two hanging elements 2007 may be
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provided, and the hanging elements may be coupled to
other portions of the housing of patch panel system 2000.
In the illustrated embodiment, the hanging elements
2007 each form a closed boundary with the housing so
that a wire W may pass through the closed boundaries
and the patch panel system 2000 may hang from the wire
W via the hanging elements 2007. Hanging elements
2007 may be rigid and formed of similar materials as the
housing of patch panel system 2000, for example a metal
that may be used to ground the system 2000. In other
embodiments, hanging elements 2007 may be straps or
other soft materials that provide sufficient strength to sup-
port patch panel system 2000 while it hangs from wire
W. In still other embodiments, hanging elements 2007
need not be coupled on two ends to the housing of patch
panel system 2000. For example, hanging elements
2007 may have afirstend coupled to the housing of patch
panel system 2000 and a second free end shaped to
hook over wire W, or to otherwise be secured to wire W.
[0136] In the open or maintenance condition of the
hanger plates 2021a, 2021b of system 2000, as shown
in Fig. 30B, a plurality of cassettes 2010 may be acces-
sible, the cassettes 2010 being in a vertically stacked
configuration in amanner substantially similar oridentical
to patch panel systems 1200, 1300. As cassettes have
been described in connection with other embodiments
above, cassettes 2010 are not described in additional
detail here. In the closed or installed condition of hanger
plates 2021a,2021b, as shown in Fig. 30A, hanger plates
2021a, 2021b may cover and/or enclose cassettes 2010
in conjunction with other portions of the housing of patch
panel system 2000. Hanger plates 2021a, 2021b may be
substantially similar or identical to hanger plates 1321a,
1321b, and are not described in significant additional de-
tail below other than to describe certain possible differ-
ences. For example, hanger plates 2021a, 2021b may
include hangers and cable retainers on interior walls sim-
ilar or identical to embodiments described above in order
to help organize and route cables within patch panel sys-
tem 2000. While hanger plates 1321a, 1321b may in-
clude windows and other recesses to facilitate passing
cables from inside the frame 1302 to areas outside the
frame (but still within cover 1380), it may be preferable
that hanger plates 2021a, 2021b do not include such re-
cesses or windows. The omission of such windows or
recesses may help protect the interior of the patch panel
system 2000, as patch panel system 2000 may be used
without additional covers. Also, similar to patch panel
system 1300, it may be preferable for hanger plates
2021a and 2021b to be constructed so that hanger plate
2021b is positioned nearer cassettes 2010 when the
hangers of patch panel system 2000 are in the closed or
installed condition, with hanger plate 2021a facing the
outside environment in the closed or installed condition.
It may be preferable for hanger plate 2021a to include
lips or other features on the edges of the hanger plate
2021a sothat, in the closed or installed condition, hanger
plate 2021 completely or substantially completely enclos-
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es hanger plate 2021b and forms a complete or substan-
tially complete seal with the housing of patch panel sys-
tem 2000. Hanger plate 2021a may also include one or
more latches 2023 to help keep hangers 2021a, 2021b
in the closed or installed condition shown in Fig. 30A. In
some examples, the housing of patch panel system 2000
may include latch mechanisms or portions of a latch
mechanism to interact with a corresponding latch mech-
anism on hanger plate 2021a.

[0137] Fig. 31A shows a patch panel system 2000’ with
a hanger plate 2021’ in a closed or installed condition
that is similar to patch panel system 2000 in most re-
spects, with one main difference being that patch panel
system 2000’ has a hanger plate 2021’ that rotates in a
vertical direction, downwardly to the maintenance con-
dition (as shown in Fig. 31B), compared to hanger plates
2021a, 2021b that rotate in a horizontal direction to the
maintenance condition. However, it should be under-
stood that the "vertical" and "horizontal" directions refer-
enced above may be dependent on the installation con-
text of the patch panel system. For example, the differ-
ence in "vertical" rotation and "horizontal" rotation as ref-
erenced above is intended to refer to when the patch
panel systems 2000, 2000’ are used in a hanging instal-
lation as shown in the figures. Patch panel system 2000’
may include a housing or frame, which in the illustrated
embodiment is substantially rectangular with side walls
2004’, which may include ports for incoming and outgoing
cables (or cable bundles). It should be understood that
cables may be positioned within sheaths or other protec-
tive members that couple to or enter the ports in the side
walls 2004’, and it should be understood that more or
fewer ports may be provided, and the ports may be po-
sitioned on different portions of the housing than side
walls 2004’. The ports may be partially formed in side
walls 2004’ and partially formed in hanger plate 2021’.
The ports of patch panel system 2000’ may be similar to
other ports described herein. A top wall 2006’ of the frame
may include one or more hanging elements 2007’ cou-
pled thereto. In the illustrated embodiment, two hanging
elements 2007’ each have a first end coupled to top wall
2006’ and a second end coupled to a rear wall of the
housing. However, it should be understood that one or
more than two hanging elements 2007’ may be provided,
and the hanging elements may be coupled to other por-
tions of the housing of patch panel system 2000'. In the
illustrated embodiment, the hanging elements 2007’ form
a closed boundary with the housing so that a wire W may
pass through the closed boundaries and the patch panel
system 2000’ may hang from the wire W via the hanging
elements 2007’. Hanging elements 2007’ may be sub-
stantially similar or identical to hanging elements 2007
and are not described in greater detail herein.

[0138] Inthe open or maintenance condition of hanger
plate 2021, as shown in Fig. 31B, a plurality of cassettes
2010a’, 2010b’ may be accessible, the cassettes being
in a vertically stacked configuration. In the illustrated em-
bodiment, input cables 1800’ may enter one or more cas-
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settes 2010a’, which cassettes may include splitters sim-
ilar to that described in connection with Fig. 28A. Cas-
settes 2010a’ may be positioned adjacent a second
group of vertically stacked cassettes 2010b’, which may
be distribution patch panels similar to cassettes 1310b
of Fig. 28A. Cables 2020’ may couple ports within cas-
settes 2010a’ to ports in cassettes 2010b’, with output
cables 1860’ extending from cassettes 2010b’ to individ-
ual subscribers, similar to the configuration of Fig. 28A.
In the closed or installed condition of hanger plate 202a’,
as shown in Fig. 31A, hanger plate 2021’ may cover
and/or enclose cassettes 2010a’, 2010b’ in conjunction
with other portions of the housing of patch panel system
2000’. Hanger plate 2021’ may include a plurality of hang-
ers, similar to other hangers described herein, in one or
more vertically stacked groups in order to help organize
and guide cables within patch panel system 2000'. Pref-
erably, hanger plate 2021’ does not include windows or
other recesses, similar to hanger plates 2021a, 2021b.
While hanger plates 2021a, 2021b are coupled to their
housing via hinges on side walls 2004 of patch panel
system 2000, hanger plate 2021’ is preferably hingedly
coupled to a bottom surface of the housing of patch panel
system 2000’, so that the top of hanger plate 2021’ may
rotate downward and away from the front of the patch
panel system 2000’ to transition from the installed con-
dition to the maintenance condition. Hanger plate 2021’
may also include one or more latches 2023’ to help keep
hanger plate 2021’ in the closed or installed condition
shown in Fig. 31A. In some examples, the housing of
patch panel system 2000’ may include latch mechanisms
or portions of a latch mechanism to interact with a cor-
responding latch mechanism 2023’ on hanger plate
20271’. It should be understood that, although system
2000’ is shown with two groups of vertically stacked cas-
settes 2010a’, 2010b’, system 2000’ could instead in-
clude cassettes in a configuration similar to cassettes
2010 of system 2000, or cassettes in configurations sim-
ilar to other embodiments of patch panel systems de-
scribed herein. Patch panel system 2000", shown in Fig.
31C with hanger plate 2021" in an open or maintenance
condition, may be similar or identical to patch panel sys-
tem 2000’ in all respects other than the configuration of
cassettes therein. For example, whereas system 2000’
includes a first group of vertically stacked cassettes
2010a’ horizontally adjacent a second group of vertically
stacked cassettes 2010b’, system 2000’ may include a
first group of horizontally stacked cassettes
2010a" positioned horizontally adjacent a second group
of horizontally stacked cassettes 2010b". Otherwise,
cassettes 2010a" may be functionally similar to cassettes
2010a’ and cassettes 2010b" may be functionally similar
to cassettes 2010b’. It should be understood that for both
patch panel system 2000’, as well as other patch panel
systems described herein, when hanger plate 2021’ is in
the maintenance condition shown in Fig. 31B, cables ex-
tending from cassettes 2010a’, 2010b’ may remain po-
sitioned on an interior surface of the hanger plate, for
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example maintained on hangers or other cable-holding
or cable-organizing structures.

[0139] Fig. 32A shows an embodimentofa patch panel
system 2100 that is similar to patch panel system 1300
in most respects, but is designed for hanging from a wire
W similar to the patch panel systems of Figs. 30A-31C.
For example, patch panel system 2100 may include a
frame and/or internal chassis similar or identical to the
frame and/or internal chassis of patch panel system
1300, which may be coupled to a base 2190 similar or
identical to base 1390. In addition, patch panel system
2100 may include a cover 2180 that is similar or identical
to cover 1380 of patch panel system 1300. Patch panel
system 2100 may include any of the accessories, such
as latch mechanisms or water sensors, described in con-
nection with patch panel system 1300. The main differ-
ence between patch panel system 2100 and patch panel
system 1300is that patch panel system 2100 may include
one or more hanging elements 2107a, 2107b so that
patch panel system 2100 may be hung from a wire W.
For example, hanging element 2107a may be coupled
to cover 2180, for example by partially or completely cir-
cumscribing the cover and defining an opening between
the cover and the hanging member 2107a through which
wire W may extend. Hanging element 2107b may be cou-
pled to a terminal surface of base 2109 and form a closed
boundary through which wire W may pass. It should be
understood that hanging elements 2107a, 2107b may
have other shapes and/or take other forms which allow
cover 2180 and base 2190, respectively, to be suspend-
ed from wire W. Further, in the illustrated embodiment,
the cassettes within patch panel system 2100 have the
same configuration as those shown in patch panel sys-
tem 2000", although it should be understood that other
cassette configurations described herein may replace
the configuration shown in Fig. 32A. In some embodi-
ments, one or both of cover 2180 and the internal chassis
of patch panel system 2100 may include or be operatively
coupled to a device to limit the extent to which the cover
2180 may slide away from the base 2190. For example,
cover 2180 may include an internal projection near its
open end that may contact an external projection near
the top of the internal chassis so that cover 2180 is re-
stricted from completely disengaging with the internal
chassis. Such a stopper or limiter structure may help en-
sure that the cover 2180 is able to be removed, such as
by rotation or sliding, sufficiently such that the internal
chassis may be fully accessed to perform maintenance,
but still remains coupled to the internal chassis so that
the structures do not become completely disengaged
from one another.

[0140] Fig. 32B illustrates an embodiment of a patch
panel system 2100’ that is similar to patch panel system
2100 of Fig. 32A in many respects. For example, patch
panel system 2100’ may include a frame and/or internal
chassis similar or that of patch panel system 2100, which
may be coupled to a base 2190’ similar or identical to
base 2190. In addition, patch panel system 2100’ may
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include a cover 2180’ that is similar or identical to cover
2180 of patch panel system 2100. Patch panel system
2100’ may include any of the accessories, such as latch
mechanisms or water sensors, described in connection
with patch panel systems 1300 and 2100. Although not
illustrated in Fig. 32B, patch panel system 2100’ may
include one or more hanging elements similar or identical
to hanging elements 2107a, 2107b of system 2100 so
that patch panel system 2100’ may be hung from a wire.
In the illustrated embodiment, the cassettes within patch
panel system 2100’ are arranged in a similar configura-
tion to that shown in Fig. 31B. In other words, patch panel
system 2100’ may include two groups of vertically
stacked cassettes positioned horizontally adjacent one
another. It should be understood that the terms "vertical"
and "horizontal" as used in connection with Fig. 32B are
meant to provide clarity and it should be understood that
the "vertical" and "horizontal" directions in practice may
depend upon the orientation of the system 2100’ with
respect to another object, such as the ground or a wire
from which the system hangs. In this particular embodi-
ment, a first group of cassettes 2110a’ is positioned ad-
jacent a second group of cassettes 2110b’, with both
groups of cassettes being positioned between top and
bottom frame elements 2105’. Although the particular use
of the cassettes may vary, in the illustrated embodiment
the first group of cassettes 2110a’ includes a plurality of
splitter cassettes as well as one or more cassettes adapt-
ed to receive a signal from a service provider, with these
cassettes being linked to the splitter cassettes via one or
more cables. Further, in this particular embodiment, the
second group of cassettes 2110b’ includes a plurality of
cassettes adapted to convey a signal to a service sub-
scriber. As illustrated, as many as three groups of hanger
assemblies 2120a’, 2120b’ and 2120¢’ may be provided
with patch panel system 2100, although it should be un-
derstood that in other embodiments, more or fewer hang-
er assemblies may be provided.

[0141] Hangerassembly 2120a’ may be positioned ad-
jacent the first group of cassettes 2120a’ (to the left in
the view of Fig. 32B) and may include one hanger for
each cassette, the hanger being positioned in alignment
with a corresponding cassette near a proximal face there-
of. Hanger assembly 2120a’ may be adapted to support
cables, for example cables incoming from a service pro-
vider to the cassettes adapted to receive the signal from
the service provider, as well as cables connecting the
cassettes adapted to receive the signal from the service
provider to splitter cassettes, which may all be in the first
group of cassettes 2110a’. Hanger assembly 2120b’ may
be structurally similar or identical to hanger assembly
2120a’, and is positioned between the first group of cas-
settes 2110a’and 2110b’, and adapted to support cables
connecting cassettes of the first group 2110a’ to cas-
settes of the second group 2110b’. Hanger assembly
2120c’ may be structurally similar or identical to hanger
assemblies 2120a’ and 2120b’, and is positioned be-
tween the second group of cassettes 2110b’ and the base
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2190’ (to the right in the view of Fig. 32B), and adapted
to support cables connecting the cassettes of the second
group 211b’ to service subscribers. It should be under-
stood that cassettes of the first group 2110a’ and the
second group 2110b’ may be slid from a stored position
(a distalmost position) to a maintenance position (a prox-
imal position) after a user removes cover 2180’ and de-
sires to perform maintenance on the system 2100’, for
example by connecting a cable from a splitter cassette
in the first group 2110a’ to a cassette in the second group
2110b’ to connect a service subscriber to the service pro-
vider. In order to keep the cables organized, it may be
preferable that one or more of the hanger assemblies
2120a’-2120c¢’ are similarly capable of sliding from a dis-
tal stored position to a proximal position during mainte-
nance. Thus, in the illustrated embodiment, each hanger
assembly 2120a’-2120c’ is slidable in the proximal and
distal directions. A sliding mechanism may be provided,
for example, by corresponding tracks in the top and bot-
tom frame elements 2105’, or any other suitable mech-
anism. In one embodiment, hanger assemblies 2120a’-
2120c¢’ have a distalmost sliding position which corre-
sponds to a position that allows the cover 2180’ to be
connected to base 2190’, and a proximalmost position
that corresponds to a proximalmost sliding position of the
cassettes. Other features, such as handles, may be pro-
vided on one or more of the hanger assemblies 2120a’-
2120c’ to facilitate a user in sliding the hanger assemblies
in the proximal and/or distal directions during mainte-
nance.

[0142] Fig. 32C illustrates an embodiment of a patch
panel system 2100" that is identical to patch panel sys-
tem 2100’ in all respects but one. In particular, whereas
the hanger assemblies 2120a’-2120¢’ of system 2100’
are each individually able to slide in the proximal or distal
direction, hanger assemblies 2120a"-2120c" are cou-
pled by a coupling member 2130" so that hanger assem-
blies 2120a"-2120c" are capable of sliding together. In
other words, if a user slides hanger assembly 2120b" in
the proximal direction, the coupling member 21310",
which may be a bar or any other suitable structure, caus-
es the other hanger assemblies 2120a" and 2120c" to
slide in unison with hanger assembly 2120b". Still further,
while patch panel systems 2100’ and 2100" are illustrated
as including hanger assemblies that slide in the proximal
and distal direction, any one of the hanger assemblies
(or all of the hanger assembilies) could be replaced with
similar hanger assemblies that swing about a pivot point
between distal and proximal positions instead of sliding.
For example, Fig. 32D illustrates a group of cassettes
2110b™ that may be used in a system similar to patch
panel system 2100’ and/or 2100". A hanger assembly
2120c™ is illustrated in both a distal position and a prox-
imal position, although it should be understood that the
two positions would not be achievable simultaneously.
Similar to hanger assemblies 2120c’ and 2120c", hanger
assembly 2120c¢™ includes a plurality of hangers that cor-
respond to individual cassettes 2110b", but may be cou-
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pled to a side wall of a chassis housing the cassettes
2110b’ at a hinge or pivot point 2140™. In a stored con-
dition, with a cover covering the cassettes, hanger as-
sembly 2120c™ is preferably in the distalmost position
illustrated in Fig. 32D. During maintenance, the hanger
assembly 2120c™ could be pivoted or hinged about pivot
point 2140, and moved through a path illustrated by
arrows in Fig. 32D to the illustrated proximalmost posi-
tion. It should be understood that one or both of the other
hanger assemblies in such a system could include a sim-
ilar pivoting or hinge mechanism instead of the sliding
mechanisms of Figs. 32B-C.

[0143] Figs. 33A-B are front and perspective views,
respectively, of a cable organizer 2200 that may be used
with patch panel systems described herein. Generally,
cable organizer 2200 may provide one or more functions,
including (i) keeping cables extending in generally a first
lateral direction (such as a horizontal direction) over a
length of the cable, (ii) keeping individual cables or
groups of cables layered and/or separated from other
cables or groups of cables, (iii) routing cables that are
spaced apart a relatively large distance at a first lateral
end of the cable organizer toward a second lateral end
of the cable organizer where the cables are relatively
close to one another; and/or (iv) limiting positions of cable
crossing, explained in greater detail below.

[0144] In the illustrated embodiment, cable organizer
2200 may include a plate or wall 2210. The wall 2210
may serve to couple a plurality of ribs 2220 to the wall,
with the wall being coupled to aninner surface of a hanger
plate. If wall 2210 is included, it may include one or more
apertures or other features to facilitate fastening the wall
to the hanger plate. In other embodiments, wall 2210 may
be omitted and ribs 2220 may be directly coupled to the
hanger plate, or otherwise may be formed integrally with
the hanger plate. For the purpose of explanation only,
the first lateral end of the cable organizer 2200 refers to
the right edge of the cable organizer while the second
lateral end of the cable organizer refers to the left edge
of the cable organizer in the particular view of Fig. 33A.
The direction between the first and second lateral ends
is referred to as the horizontal direction. The direction
perpendicular to the horizontal direction of Fig. 33A, ex-
tending between the bottom and the top of the cable or-
ganizer, is referred to as the vertical direction for purpos-
es of explanation only. In the illustrated embodiment,
each rib 2220 includes a first portion 2220a extending
from the first lateral end that extends completely or sub-
stantially horizontally. Some or all of the ribs 2220 may
include a second portion 2220b that curves or otherwise
extends in a direction that has a componentin the vertical
direction. Preferably, the top-most rib 2220 includes a
second portion 2220b that curves or extends generally
downward toward the bottom-most rib 2220. On the other
hand, the bottom-most rib 2220 preferably includes a
second portion 2220b that curves or extends generally
upward toward the top-most rib 2220. As illustrated, the
second portions 2220b of the top-most and bottom-most
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ribs 2220 may have the greatest degree of curvature or
extension in the vertical direction, while the rib 2220 po-
sitioned at or near the vertical center of the cable organ-
izer 2200 may have a second portion 2220b with the
smallest curvature or may even include no extension in
the vertical direction. The extent of vertical curvature of
the second portion 2220b may increase for ribs 2220
closer to the top and bottom edges. Some or all of the
ribs 2220 may include a third portion 2220c that termi-
nates at the second lateral end that has a degree of cur-
vature toward the top of the cable organizer 2200.
[0145] Figs. 33C-33D show cable organizer 2200 be-
ing used in conjunction with a patch panel system similar
or identical to patch panel system 1300. Fig. 33C omits
the cables, and Fig. 33D illustrates cable in an exemplary
use. In particular, cable organizer 2220 is coupled to an
interior surface of hanger plate 1321a. In the embodiment
of Figs. 33C-D, two groups of stacked fiber distribution
cassettes 1310b are positioned near a bottom of the
patch panel system, while two groups of splitter cassettes
1310a are positioned near a top of the patch panel sys-
tem. Generally, similar to the configuration shown in Fig.
28A, certain cables may exit a splitter cassette 1310a,
pass along a corresponding hanger of hanger unit 1323,
and then re-enter the same or another splitter cassette
1310a, or enter a fiber distribution cassette 1310b. As
illustrated in Fig. 33D, cables that both exit and enter the
same splitter cassette 1310a may loop around cable re-
tainer 1330a to help support and organize the cables. If
and when desired, a user may remove an end of a cable
from a splitter cassette 1310a and connect the cable to
aport in a fiber distribution cassette 1310b, as described
above in connection with Fig. 28A. During such a transi-
tion, the cable may be routed along a surface of one of
the ribs 2220 of cable organizer 2200, and then into the
desired fiber distribution cassette 1310b. In one embod-
iment, the cables are routed along a bottom surface of
each rib 2220, and the number of ribs is equal or sub-
stantially equal to the number of fiber distribution cas-
settes 1310b in the two groups. Preferably, each rib 2220
or one of the surfaces of each rib is substantially aligned
with a corresponding fiber distribution cassette 1310b,
so that portion of the cable extending between the first
lateral end of the cable organizer 2200 and a correspond-
ing fiber distribution cassette 1310b may extend in a di-
rection substantially parallel (which may be referred to
as the horizontal direction) to the first portions 2220a of
the ribs 2220.

[0146] Due to the large number of cables extending in
and out of the various splitter cassettes 1310a and fiber
distribution cassettes 1310b, various cables may cross
over one another and general cable congestion may
make it difficult to easily re-route cables, for example,
when a user desires to re-route an end of a cable from
a splitter cassette 1310a to a fiber distribution cassettes
1310b. However, cable organizer 2200 may facilitate par-
ticular routing of the cables to reduce the congestion. For
example, cables routed into one fiber distribution cas-
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sette 1310b may be generally kept separated or layered
from other cables routed into other fiber distribution cas-
settes 1310b, with that separation being provided by ribs
2220 of the cable organizer 2200. Further, the cables
routed through the second lateral end of the cable organ-
izer 2200 may be condensed to a smaller area, which
may be provided by the fact that the ribs 2220 are spaced
closer to one another at the second lateral end compared
to the first lateral end. These cables routed through the
second lateral end of the cable organizer 2200 may ex-
tend in a direction substantially perpendicular to the first
portions 2220a of the ribs 2220 (which may be referred
to as the vertical direction). With this configuration, points
at which cables cross over one another are generally
limited to the portion of the cables extending vertically
between the second end of the cable organizer 2200 and
the cable retainer 1330a. It has been found that the ver-
tical portion of the cables is generally more loosely
packed than other bent portions of the cables, and as a
result it is generally easier to grasp an individual cable
and reposition that cable without significant hindrances
from entanglement with other nearby cables.

[0147] In some embodiments using cable organizer
2200, additional covers may be provided to help protect
the cables. Forexample, in one embodiment, a plate may
be hingedly coupled to the free end of the hanger plate
1321, the plate configured to rotate to cover the vertical
portion of the cables positioned near the free end of the
hanger plate.

[0148] Fig. 34 illustrates an example of a communica-
tion system 3000 according to another embodiment of
the disclosure. System 3000 may include an enclosure
or housing 3002 that may contain the remaining compo-
nents of system 3000. Housing 3002 is shown with an
open front, though it should be understood that a door or
other component may be included with housing 3002 to
allow for housing to fully or substantially fully seal the
interior components. System 3000 may include a front
base 3010 and a rear base 3012, which may be integral
with one another. Rear base 3012 may have a greater
height than front base 3010, with a first chassis 3100 and
asecond chassis 3200 on the rear base 3012. First chas-
sis 3100 may be adapted to receive a plurality of cas-
settes in sliding configuration similar to other embodi-
ments described herein. In the illustrated embodiment,
first chassis may be configured to receive at least three
types of cassettes, including a first group of cassettes
3300, a second group of cassettes 3400, and a third
group of cassettes 3500. Second chassis 3200, which
may be positioned a spaced distance from first chassis
3100, and may be configured to receive one or more
groups of one or more splitter cassettes 3600.

[0149] The first group of cassettes 3300, illustrated in
this embodiment as including two cassettes at the top of
first chassis 3100, may be adapted for receiving a signal
from a service provider and transmitting that signal to
splitter cassettes 3600. For example, one or more cables
3310 may extend from a position outside housing 3002
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and into one or more ports in the rear of cassettes 3300.
Cables 3310 may be pre-installed to cassettes 3300, for
example so that a user does not normally or frequently
need to access the rear of cassettes 3300. However, it
should be understood that cables 3310 may, in some
circumstances, pass through the front face of cassettes
3300 and connect to a rear port, as opposed to passing
through the rear face of cassette 3300 and connecting
to the rear port. Further, as described in greater detail
below, upon installation of a splitter cassette 3600, one
or more cassettes 3300 may be slid partially or complete-
ly out of first chassis 3100 to allow for cable(s) 3610 to
connect the splitter cassette 3600 to cassette 3300.
[0150] The third group of cassettes 3500, illustrated in
this embodiment as including three groups of six cas-
settes each adjacent rear base 3012, may be patch panel
or fiber distribution cassettes similar to patch panel cas-
settes 1310b of Fig. 28A. Patch panel cassettes 3500
may be adapted for receiving a signal from splitter cas-
settes 3600 and conveying the signal to service subscrib-
ers. For example, one or more cables 3512 may be cou-
pled to one or more ports in the rear of cassettes 3500
and extend out of the housing 3002 to service subscrib-
ers. However, it should be understood that cables 3512
may, in some circumstances, pass through the front face
of cassettes 3500 and connect to a rear port, as opposed
to passing through the rear face of cassette 3500 and
connecting to the rear port. Cables 3512 may also be
pre-installed to cassettes 3500, for example so that a
user does not normally or frequently need to access the
rear of cassettes 3500. Further, as described in greater
detail below, at the appropriate time following initial in-
stallation of system 3000, one or more cassettes 3500
may be slid partially or completely out of first chassis
3100 to allow for cable(s) 3410, which are stored in a
storage cassette 3400, to be removed and connected to
a port(s) in the patch panel cassette(s) 3500.

[0151] Based on the above description, it should be
understood that system 3000 may be provided to a cus-
tomer with first cassettes 3300, second cassettes 3400,
and third cassettes 3500 installed in first chassis 3100
and with cables 3310 and 3512 also coupled to the rear
of cassettes 3300 and 3500, respectively. Although, as
described above, it should be understood that cables
3310 and 3512 may either pass directly to the rear of
corresponding cassettes 3300, 3500, or otherwise may
pass through a front face of those cassettes to access
the port(s) in the rear of those cassettes. After installation
of system 3000, one or more splitter cassettes 3600 may
be installed into second chassis 3200, although in some
embodiments one or more splitter cassettes 3600 may
be pre-installed. One or more cables 3610 may then be
coupled to ports in the front of first cassettes 3300 and
coupled to splitter cassettes 3600 in order to convey a
signal from the service provider to the splitter cassettes
3600. It should be understood that, although the arrow
of cable 3610 is pointed toward the splitter cassettes
3600, the users may typically only need to couple the
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ends of cables 3610 to ports in cassettes 3300, as the
splitter cassettes 3600 may typically be provided with
cables 3610 connected thereto. In other words, the ar-
rows provided on the cables in Fig. 34 are generally in-
dicative of the direction of signal transmission from a
service provider source point to a service subscriber end
point. Initially, one or more cables 3410 may be connect-
ed from splitter cassettes 3600 to one or more of the
second group of cassettes 3400. The second group of
cassettes 3400 may serve as storage cassettes so that
cables 3410 may be stored in an organized fashion prior
to connecting a cable conveying a signal from the service
provider to a particular service subscriber. The storage
cassettes 3400 may include any suitable features to hold
the ends of cables 3410, for example including structures
similar to storage rack 1840 or 1840’. In the illustrated
embodiment, system 3000 includes four storage cas-
settes 3400 positioned between the first group of cas-
settes 3300 and the third groups of cassettes 3500. As
it becomes necessary to connect the service provider to
particular service subscribers, a user or technician may
remove a cable 3410 from a storage cassette 3400 and
connect it to a port in the front of a patch panel cassette
3500. Cables connected to the patch panel cassettes
3500 are labeled in Fig. 34 as cable 3510, although the
same cables when connected to storage cassettes 3400
are labeled as cables 3410.

[0152] It should be understood that a very large
number of cables 3410 and 3510 may couple splitter cas-
settes 3600 to corresponding storage cassettes 3400
and patch panel cassettes 3500, with each of those ca-
bles capable of connecting to any port or storage location
in any of the patch panel cassettes 3500 or storage cas-
settes 3400, respectively. As a result, a large number of
cables, with a corresponding large mass, usually needs
to be supported within system 3000, preferably in a man-
ner that allows for easy access manipulation to change
cables positions when needed. In the illustrated embod-
iment of system 3000, cables 3410, 3510, and 3610 may
be largely positioned in a trough 3700. Trough 3700 may
be formed by a front wall of rear base 3012, the top face
of front base 3010, and a panel 3800. Panel 3800 may
be hingedly coupled to front base 3010, and may be sub-
stantially flat or substantially "L"-shaped. Panel 3800 is
illustrated in Fig. 34 in an open condition (for example
for access during maintenance), and may be rotated up-
wards and toward rear base 3012 to transition to a stored
condition (for example after completing maintenance).
One or more hangers (not illustrated) may be provided
on panel 3800 so that portions of cables 3410, 3510, and
3610 passing through trough 3700 may be secured to
panel 3800. Thus, system 3000 may allow for cable main-
tenance with as little as a single hanger for securing the
cables.

[0153] It should be understood that the exact number
and positioning of cassettes 3300, 3400, and 3500 may
be different than illustrated. For example, in some em-
bodiments cassettes 3300 may be positioned near the
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bottom of first chassis 3100, with the top of first chassis
3100 receiving patch panel cassettes 3500. Similarly,
second chassis 3200 is illustrated as receiving a first
group of vertically oriented splitter cassettes 3600
stacked above a second group of vertically oriented split-
ter cassettes 3600. The second chassis 3200 may be
adapted to receive any number of splitter cassettes 3600
in each group, as represented by the dashed double-
arrowed lines within second chassis 3200. Second chas-
sis 3200 may include slots or other structures to facilitate
sliding splitter cassettes 3600 into or out of second chas-
sis 3200. However, it should be understood that in some
embodiments, second chassis 3200 may be adapted to
receive a different number of splitter cassettes 3600, or
a different number of groups of splitter cassettes 3600,
in a same or different orientation as shown in Fig .34.
[0154] Fig. 35 illustrates a communication system
4000 similar to system 3000 of Fig. 34 with certain dif-
ferences. Generally, similar or identical components of
systems 3000 and 4000 are provided with part numbers
that are 1000 apart. The components of system 4000
may be provided within an enclosure or housing 4002
substantially similar to housing 3002. First chassis 4100
may be substantially identical to first chassis 3100, and
similarly adapted to receive a first group of cassettes
4300, a second group of storage cassettes 4400, and a
third group of patch panel cassettes 4500. The cable
components of system 4000 may be functionally identical
to those of system 3000. For example, cable(s) 4310 may
convey signal from a service provider to a rear of cas-
settes 4300, with cables 4610 conveying signals to split-
ter cassettes 4600 from a front of cassettes 4300. It
should be understood that, in certain embodiments, ca-
bles 4310 may pass through a front opening in cassettes
4300 as they are routed toward the rear ports into cas-
settes 4300. Cables 4410 may extend from the front of
splitter cassettes 4600 to storage locations within storage
cassettes 4400. Atthe appropriate time, cables 4410 may
be coupled to ports in the front of patch panel cassettes
4500, the connected cables labeled as 4510 in the fig-
ures. Cables 4512 may be coupled to the rear of patch
panel cassettes 4500 and convey a signal from patch
panel cassettes 4500 to service subscribers. As with ca-
bles 4310, it should be understood that cables 4512 may
pass through front openings in patch panel cassettes
4500 as they are routed toward rear ports in those cas-
settes.

[0155] The main differences between system 3000
and 4000 are the position of second chassis 4200 and
the configuration of panels 4800a, 4800b. In particular,
second chassis 4200 may be provided directly on top of
first chassis 4100, or spaced a distance from the top wall
of first chassis 4100. Second chassis 4200 may be con-
figured to receive any number of splitter cassettes 4600
therein. In one example, second chassis 4200 may be
configured to receive a single group of splitter cassettes
4600 equal to the total number of splitter cassettes 3600
receivable within second chassis 3200. As with system
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3000, a very large number of cables 4410, 4510, and
4610 may extend from the front of splitter cassettes 4600.
Thus, it may be preferable that a front face of second
chassis 4200 and front faces of splitter cassettes 4600
are set back a spaced distance from the front face of first
chassis 4100. Those cables may be stored within a tray,
bin, or trough positioned on top of first chassis 4100 in
front of second chassis 4200. Preferably, second chassis
4200 is spaced a distance from the top of first chassis
4100 so that the cable trough (not separately shown in
Fig. 35) does not interfere with sliding splitter cassettes
4600 into or out of second chassis 4200.

[0156] While the portions of cables 4410, 4510, and
4610 directly in front of second chassis 4200 may be
stored within the trough described above, additional
lengths of cables 4410, 4510, and 4610 may be desirably
organized with additional hangers on panels 4800a and
4800b, which may be hingedly coupled to side walls of
first chassis 4100. Panels 4800a and 4800b may include
features similar or identical to the various hanger plates
described herein, including forexample the hanger plates
shown and described in connection with Fig. 33C, and
alternatively including any suitable accessories de-
scribed in connection with such hanger plates, such as
cable organizer 2200. It should be understood that the
various alternative configurations of the number and rel-
ative positioning of cassettes 3300, 3400, 3500, and
3600 described in connection with system 3000 may ap-
ply similarly to cassettes 4300, 4400, 4500, and 4600 of
system 4000.

[0157] Fig. 36A illustrates a communication system
5000 similar to systems 3000, 4000 of Figs. 34-35 with
certain differences. Generally, similar or identical com-
ponents of systems 4000 and 5000 are provided with
part numbers that are 1000 apart. The components of
system 5000 may be provided within an enclosure or
housing 5002 substantially similar to housing 4002. First
chassis 5100 may be substantially identical to first chas-
sis 4100, and similarly adapted to receive a first group
of cassettes 5300, a second group of storage cassettes
5400, and a third group of patch panel cassettes 5500.
In the illustrated embodiment of Fig. 36A, the storage
cassettes 5400 are provided on the top of the first chassis
5100, the first group of cassettes 5300 are provided on
the bottom of the first chassis 5100 adjacent the second
chassis 5200, and the patch panel cassettes 5500 are
positioned between the first group of cassettes 5300 and
the second group of storage cassettes 5400. The cable
components of system 5000 may be functionally identical
to those of system 4000. Forexample, cable(s) 5310 may
convey signal from a service provider to a rear of cas-
settes 5300, with cables 5610 conveying signals to split-
ter cassettes 5600 from a front of cassettes 5300. It
should be understood that, in certain embodiments, ca-
bles 5310 may pass through a front opening in cassettes
5300 as they are routed toward the rear ports into cas-
settes 5300. Cables 5410 may extend from a front of
splitter cassettes 5600 to storage locations within storage
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cassettes 5400. Atthe appropriate time, cables 5410 may
be coupled to ports in the front of patch panel cassettes
5500, the connected cables labeled as 5510 in the fig-
ures. Cables 5512 may be coupled to the rear of patch
panel cassettes 5500 and transmit signal from patch pan-
el cassettes 5500 to service subscribers. As with cables
5310, it should be understood that cables 5512 may pass
through front openings in patch panel cassettes 5500 as
they are routed toward rear ports in those cassettes.
[0158] The main differences between system 5000
and systems 3000 and 4000 are the position of second
chassis 5200 and the configuration of panels 5800a,
5800b. In particular, second chassis 5200 may be pro-
vided directly below first chassis 5100, and may be po-
sitioned on a base 5900. Second chassis 4200 may be
configured to receive any number of splitter cassettes
5600 therein. In one example, second chassis 5200 may
be configured to receive a single group of splitter cas-
settes 5600 similar to second chassis 4200. As with sys-
tems 3000 and 4000, a large number of cables 5410,
5510, and 5610 may extend from the front of splitter cas-
settes 5600. Although a front face of second chassis 5200
and front faces of splitter cassettes 5600 are illustrated
as being set back a distance spaced from the front face
of base 5900, it may be preferable that the front face of
second chassis 5200, as well as the front faces of cas-
settes 5600, and the front face of base 5900 are sub-
stantially aligned (e.g. without a set-back) so that cables
extending from splitter cassettes 5600 drop immediately
into trough 5700. A portion of those cables may be stored
within a trough 5700. Trough 5700 may be defined by a
front face of base 5900 and an "L"-shaped extension
member 5910. The use of trough 5700 at the bottom of
system 5000 may be preferable because the large
number of cables may have a large mass and storing the
majority of those cables within trough 5700 may reduce
the amount of remaining cable mass to be supported by
other components of system 5000, such as panels
5800a, 5800b.

[0159] Panels 5800a and 5800b are illustrated as rel-
atively narrow panels that are hingedly coupled to side
walls of first chassis 5100. It should be understood that
in other embodiments, one or both panels 5800a and
5800b may be fixed to first chassis without hinges, or
otherwise may have a limited amount of rotation such as
45 or 90 degrees of rotation. Panels 5800a and 5800b
may be significantly narrower than panels 4800a, 4800b
of system 4000, as panels 5800a and 5800b only need
to support a relatively small amount of cable mass com-
pared to panels 4800a and 4800b of system 4000. In the
illustrated embodiment, each panel 5800a and 5800b in-
cludes one or more hanger units similar or identical to
hanger units 1323’ of Fig. 23A.

[0160] It should be understood that the various alter-
native configurations of the number and relative position-
ing of cassettes 4300, 4400, 4500, and 4600 described
in connection with system 4000 may apply similarly to
cassettes 5300, 5400, 5500, and 5600 of system 5000.
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For example, in an alternative embodiment, the patch
panel cassettes 5500 may be provided closer to the top
of first chassis 5100, with storage cassettes 5400 posi-
tioned between the patch panel cassettes 5500 and the
first group of cassettes 5310.

[0161] Figs. 36B-E illustrate communication system
5000 with certain additional components and with certain
modified components. In particular, the relative position-
ing of the first group of cassettes 5300, the storage cas-
settes 5400, and the patch panel cassettes 5500 is dif-
ferent in Fig. 36B, with the bottom-most cassettes (three
cassettes in the illustration) being storage cassettes
5400, the top-most cassettes (three groups of six cas-
settes in the illustration) being patch panel cassettes
5500, and the cassettes between those two groups being
the first group of cassettes 5300 (three cassettes in the
illustration positioned directly above the storage cas-
settes 5400). Second chassis 5200 is illustrated as in-
cluding splitter cassettes 5600 arranged in two groups
of cassettes positioned side-by-side. The second chassis
5200 may be positioned on top of base 5900’, which may
be slightly narrower than the base 5900 shown in Fig.
36A. The trough 5700 may be formed between the front
face of a plate connected to base 5900°, one or more
side extensions 5910’ of that plate, and/or a bottom ex-
tension (best shown in Fig. 36E) extending between bot-
tom ends of the side extensions 5910’. In addition, panel
5800a may be positioned on a cable guide 5810a’, and
panel 5810b may be positioned on a cable guide 5810b’.
Cable guides 5810a’ and 5810b’ may be statically fixed
to first chassis 5100, or may be hinged and rotatable with
respect to first chassis 5100. Cable guide 5810a’ may
provide additional means for guiding and organizing ca-
bles of system 5000. As illustrated, cable guide 5810a’
may include an outermost fin 5812a’, a middle fin 5814a’,
and an inner fin 5816’ which may each extend from a
pointnear panel 5800a’ in a direction away from the panel
and downward toward trough 5700. The opposite panel
5800b’ may similarly be positioned on or within a cable
guide 5810b’ that has an outermost fin 5812b’, a middle
fin 5814b’, and an inner fin 5816b’. The cable guides
5810a’ and 5810b’ may include additional cable guide
structures, such as retainers 5818a’, which may help
keep cables within the boundaries of cable guide 5810a’,
or spool member 5818b’ around which cables may be
wrapped while maintaining a minimum bending radius
for the cables.

[0162] Fig.36C illustrates system 5000 and certain ca-
bles being connected thereto and maintained by various
portions of the cable guides 5810a’, 5810b’. Forexample,
Fig. 36C illustrates a cable 5610 extending from a splitter
cassette 5600 to a cassette 5300 in the first group. This
cable, as noted above, may convey a signal from the
cassette 5300 to the splitter cassette 5600. It should be
understood that splitter cassettes 5600 may be provided
as units with cables already attached thereto, so that a
free end of cable 5610 is attached to one of the first cas-
settes 5300, as indicated by the arrow, to couple the two
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cassettes to each other, even though a signal is generally
conveyed in the direction opposite the arrow of cable
5610 (although it should be understood that in many fiber
optic cables, signal transmission or conveyance can be
bidirectional). In some examples, each splitter cassette
5600 may include a single cable 5610 coupled thereto,
each of which may be stored and/or supported in and by
trough 5700. In addition, Fig. 36C illustrates a cable 5410
extending from a splitter cassette 5600 to a storage cas-
sette 5400, with the cable 5410 stored and/or supported
in and by trough 5700. Cable 5410 is provided in dashed
lines to indicate that cable 5410 may be positioned only
temporarily in storage cassette 5400, until a user desires
to connect cable 5410 to a patch panel cassette 5500,
the newly connected cable indicated as cable 5510 in
Fig. 36C. Cables 5510, in addition to being stored and/or
supported in or by trough 5700, may further be organized
and guided by elements of cable guide 5810a’. For ex-
ample, all cables 5510 may pass behind cable retainers
5818a’ to keep the cables 5510 within the general con-
fines of cable guide 5810a’. Cables 5510 routed to the
top-most group of cassettes 5500 may be guided be-
tween the outermost fin 5812a’ and the middle fin 5814a’.
Cables 5510 routed to the middle group of cassettes 5500
may be guided between the middle fin 5814a’ and the
inner fin 5816a’. Cables 5510 routed to the bottom-most
group of cassettes 5500 may be guided between the in-
ner fin 5816a’ and the inner cable retainer 5818a’. It
should be understood that generally, cables 5510 (or ca-
bles 5410 prior to connection to patch panel cassettes
5500) may be the largest volume of cables in system
5000. Thus, the various fins of cable guide 5810a’ may
help separate and organize the large mass of cables ex-
tending from splitter cassettes 5600 to patch panel cas-
settes 5500. Another cable 5520 is illustrated in Fig. 36C
connecting two patch panel cassettes 5500, with cable
5520 being wrapped or otherwise spooled around spool
member 5818b’ to guide and support the cable. It should
be understood that cable guide 5810b’ may be used sim-
ilarly to cable guide 5810a’, and although certain cables
are shown on in Fig. 36C as being routed along either
cable guide 5810a’ or 5810b’, any cable could be routed
along either of the cable guides 5810a’, 5810b’, depend-
ing on the preference of the user. Further, although an
outer housing is not illustrated in connection with Figs.
36B-C, it should be understood that any suitable outer
housing may be used, including housings for mounting
as wall mounts, pole mounts, or pad mounts (e.g. mount-
ed to concrete pads).

[0163] Figs. 36D is a perspective view of system 5000
showing cable guides 5810a’ and 5810b’ in a first posi-
tion. Although enclosure or housing 5002 is not sepa-
rately illustrated in Fig. 36D, it should be understood that,
in the illustrated first position, cable guides 5810’a and
5810b’ may both be positioned fully within the housing,
for example so that a housing door can close to fully
contain the components of system 5000 within the hous-
ing. As can be seen in Fig. 36D, a side hanger 1340a
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may be provided on a side wall of first chassis 5100,
which may be similar or identical to side hanger 1340a
of Fig. 21A. However, it should be understood that other
types and numbers of side hangers, including side hang-
er 1340b or Fig. 21B, may be positioned on either side
wall of first chassis 5100 to help store, guide, and/or or-
ganize cables associated with system 5000. If a user
desires to access the sides or rear of portions of system
5000 within housing 5002, for example to access cables
on side hanger 1340a, the user may rotate one or both
cable guides 5810a’, 5810b’ (and associated plates
5800a, 5800b) in a direction so that the hanger units on
plates 5800a, 5800b move toward the front face of the
cassettes 5300, 5400, 5500 within the first chassis 5100.
Fig. 36E illustrates cable guide 5810b’ and associated
plate 5800b having been rotated so that the hanger unit
associated with plate 5800b has moved to be positioned
at the front of the cassettes, while cable guide 5810a’
and associated plate 5800a remain in the first position
illustrated in Fig. 36B. In some embodiments, the range
of rotation of cable guides 5810a’ and 5810b’ (and asso-
ciated cable plates 5800a and 5800b, respectively) may
be limited to a range of about 90 degrees, or to a range
of about 180 degrees. As with various other embodiment
disclosed herein, the cable guides 5810a’ and 5810b’
(and associated hanger units and cable plates 5800a and
5800b) may be coupled directly or indirectly to first chas-
sis 5100 via one or more hinges so that the cable guides
rotate about an axis that is substantially orthogonal to
plane that is substantially coplanar with bottom faces of
the patch panel cassettes 5500. In other words, the di-
rection in which patch panel cassettes 5500 may slide is
orthogonal the axis about which the cable guides are
rotatable.

[0164] Figs. 36F-G illustrate views of system 5000 in
an embodiment of housing 5002 to illustrate one exem-
plary configuration for securing system 5000 to the hous-
ing 5002. In the illustrated example, housing 5002 may
include one or more top mounting rails 5004 secured to
a bottom surface of the top wall of housing 5002. Simi-
larly, housing 5002 may include one or more bottom
mounting rails 5006 secured a top surface of the bottom
wall of housing 5002. In the illustrated example, housing
5002 includes two top mounting rails 5004 and two bot-
tom mounting rails 5006, although more or fewer of each
rail may be provided as desired. As best illustrated in Fig.
36G, each of the mounting rails 5004, 5006 may take the
form of a bracket having an "L"-shape or a "U"-shape,
although other shapes may be suitable. In the illustrated
example, a top wall of first chassis 5100 (or otherwise a
separate plate or support mounted to the top wall of first
chassis 5100) may be coupled to the top mounting rails
5004, for example via screws, bolts, or any other suitable
fasteners. The bottom surface of base 5900’ (or other-
wise a separate plate or support mounted to the bottom
surface of base 5900°) may similarly be coupled to the
bottom mounting rails 5006 via screws, bolts, or any other
suitable fasteners. With this configuration, system 5000
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may be secured within housing 5002 to reduce the like-
lihood of any unintentional movement of the system 5000
with respect to the housing 5002. It should be noted that
housing 5002 is illustrated with an access port in the bot-
tom of the housing 5002, similar to port 1004 of housing
1002 described above, but more access ports may be
provided in any desired position of housing 5002.

[0165] Fig. 36H illustrates an enlarged perspective
view of one half of the second chassis 5200 of system
5000, which is shown as including three splitter cassettes
5600 inserted into three corresponding cassette slots.
However, it should be understood that the splitter cas-
sette housing of Fig. 36H may be used with other systems
described herein, including systems 3000 and 4000. Fig.
36H illustrates, among other things, that second chassis
5200 does not need to include vertical walls extending
completely from top to bottom walls of the chassis or
other separator members to keep the various splitter cas-
settes 5600 organized in their desired positions. For ex-
ample, second chassis 5200 may include a plurality of
biased or spring-loaded members 5210 to help maintain
splitter cassettes 5600 in position. In the illustrated ex-
ample, the top wall of chassis 5200 includes two spring
members 5210 protruding downward aligned with one
another, while the bottom wall includes another two
spring members 5220 protruding upward aligned with
one another, for each splitter cassette 5600 that may be
received in the second chassis 5200. Each spring mem-
ber 5210 may be angled so that the portions near the
front and rear of second chassis 5200 extend farther to-
ward the top wall of the chassis, while spring members
5220 may be similarly angled so that the portions near
the front and the rear of second chassis 5200 extend
farther toward the bottom wall of the chassis. However,
the portions of spring members 5210 and 5220 nearest
the front or rear of second chassis 5200 may include a
ramped surface, such that the portion of the spring mem-
bers with the greatest protrusion is positioned a distance
away from the front or the rear of the second chassis
5200. With this configuration, as a cassette 5600 is slid
into a respective slot within chassis 5200, the springs of
spring members 5210, 5220 begin to compress to pro-
vide clearance for the cassette 5600 to move into the
slot. As the cassette 5600 slides into position, the springs
of spring members 5210, 5220 may begin to relax a small
amount, resultinginlips 5222 of the front spring members
5220 projecting upward so that cassettes 5600 cannot
be unintentionally removed from the second chassis
5200. In some embodiments, the front spring members
5210 may also include lips similar to lips 5222. The rear
spring members 5210, 5220 may not need similar lips,
particularly when the rear of second chassis 5200 is
closed, but in some circumstances similar lips may be
appropriate. Further, in some embodiments, the rear
spring members 5210, 5220 may be omitted. In other
embodiments, cassettes 5600 may include indentations,
tracks, grooves, or similar features so that spring mem-
bers 5210, 5220 protrude into those grooves to further
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help secure the cassettes 5600 in the desired position or
slot within second chassis 5200. Still further, it should be
understood that the spring members 5210, 5220 may be
positioned such that side edges of the spring members
that protrude above a bottom wall of the second chassis
5200 may be adapted to contact bottom and top side
edges of a splitter cassette 5600 as the splitter cassette
is inserted into the chassis 5200, so that the spring mem-
bers serve as an additional guide during insertion and
support after insertion.

[0166] Figs. 36l-J illustrate an additional locking bar
5230 in unlocked and locked conditions, respectively.
Locking bar 5230 may be provided to further secure cas-
settes 5600 within second chassis 5200. It should be
understood that locking bar 5230 may be provided in ad-
dition to, or instead of, the lips 5222. Locking bar 5230
may include one or two side members 5230a having a
first end pivotably coupled to one or two corresponding
side walls of second chassis 5200. Side member(s)
5230a may extend from the first end to a second end
near the front of second chassis 5200. A bar member
5230b may be coupled to the second end of the side
member 5230a. If two side members 5230a are included,
the bar member 5230b may extend between the second
ends of the two side members 5230a. In the unlocked
position of locking bar 5230 shown in Fig. 361, bar mem-
ber 5230b is positioned at or above the tops of cassettes
5600 so that the bar member 5230b does not restrict or
substantially restrict the cassettes 5600 from sliding into
or out of the second chassis 5200. As shown in Fig. 36J,
the locking bar 5230 may be transitioned to the locked
condition by pivoting the second end(s) of the side mem-
ber(s) 5230a, about the first end of the side member(s)
5230a, toward the bottom wall of second chassis 5200.
This motion causes the bar member 5230b to drop down-
ward as well, so that the bar member 5230b is in contact
with or is adjacent the fronts of the cassettes 5600. In
theillustrated example, in the locked condition of the lock-
ing bar 5230, the bar member 5230b is in contact with or
positioned adjacent to the handles 5620 of the cassettes
5600, described in greater detail below. In the illustrated
example, side members 5230a are positioned outside
the side walls of second chassis 5200, and second chas-
sis 5200 includes a slot through which bar member 5230b
extends, the slot generally following the path along which
bar member 5230b moves as the locking bar 5230 tran-
sitions between the locked and unlocked conditions.
However, in other embodiments, the side members
5230a may be positioned inside the side walls of the sec-
ond chassis 5200. In one embodiment, locking bar 5230
may be biased, for example via a spring, to the locked
condition. In another example, the locking bar 5230 may
tend to fall into the locked condition due mainly or solely
to the force of gravity pulling the locking bar 5230 down-
ward. Whether the locking bar 5230 is actively biased or
passively biased (e.g. due to gravity) to the locked con-
dition, any cassettes 5600 within chassis 5200 will be
highly unlikely to unintentionally slide out of the second
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chassis 5200, for example due to vibrations of system
5000. If a user desires to slide a cassette 5600 into or
out of the second chassis 5200, the user may temporarily
transition the locking bar 5230 to the unlocked condition,
at which point the bar member 5230b is positioned so
that cassettes 5600 may be slid into or out of the second
chassis 5200. After the cassette(s) 5600 have been slid
into or removed from the second chassis 5200, the user
may simply let go of the locking bar 5230, which will tran-
sition to the locked condition due to the active or passive
bias. However, in other embodiments, locking bar 5230
need not be biased at all, so that the locking bar 5230
only transitions between the locked and unlocked condi-
tions upon application of intentional force by the user.
The slot(s) through which the second end of side mem-
ber(s) 5230a slide as the locking bar 5230 transitions
between the locked and unlocked conditions may also
include a bump 5232 or other protrusion adjacent a bot-
tom end of the slot. In other words, the bump 5232 may
be spaced a distance from the bottom of the slot equal
or slightly larger than the diameter of bar member 5230b.
With this configuration, the bump 5232 may help resist
any unintentional movement of the bar member 5230b
upward toward the unlocked condition, as the bump 5232
may provide additional frictional engagement, although
that frictional engagement may be readily overcome with
an intentional force applied to locking bar 5230 upward
or downward.

[0167] Fig. 36K illustrates in more detail an example
of a splitter cassette 5600, although it should be under-
stood that the splitter cassette shown in Fig. 36K may be
used in place of other splitter cassettes described in con-
nection with other embodiments of communication sys-
tems herein. Splitter cassette may include a handle 5620
to assist a user in sliding the cassette 5600 into or out of
a housing such as second chassis 5200. In the illustrated
embodiment, a front face of handle 5620 is substantially
coplanar with other front portions of the cassette 5600,
the front portions of the cassette 5600 directly adjacent
the handle 5620 being recessed or indented in order to
form the handle 5620. A single cable 5610 may extend
from splitter cassette 5600, and may pass through a
strain relief element 5612 coupled to the front face of the
cassette. Cable 5610 of Fig. 36K corresponds to cable
5610 of Figs. 36A and 36C, and may be intended to con-
nect the splitter cassette 5600 to another cassette 5300
that is coupled via additional cables to service provider,
such that the signal from the service provideris conveyed
to cassette 5300, and then through cable 5610 to splitter
cassette 5600. Further, a plurality of additional cables
5410 may extend from splitter cassette 5600, for example
via another strain relief member. The number of cables
5410 may be dependent upon the particular splitter cas-
sette 5600, and may be any desired number, such as
eight, sixteen, thirty-two, efc. It should be understood that
cables 5410 of Fig. 36K correspond to cables 5410 of
Figs. 36A and 36C when coupled to a storage cassette
5400, while cables 5410 of Fig. 36K correspond to cables
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5510 of Figs. 36A and 36C when coupled to a patch panel
cassette 5500. When initially provided, a connector 5412
of each cable 5410 of splitter cassette 5600 may be
stored in a holding element 5614 of a storage plate 5616.
The storage plate 5616 and holding elements 5614 may
be similar to storage rack 1840 of Figs. 28B-C or storage
rack 1840’ of Fig. 28D. Connectors 5412 may be pre-
installed on holding elements 5614 of storage plate 5616
so that, upon initial installation of splitter cassette 5600
into second chassis 5200, the storage plate 5616 may
be readily be clipped into, snapped into, or otherwise
coupled to a corresponding receiving structure within a
storage cassette 5400. This may eliminate the need for
auser to individually couple each connector 5412 of each
cable 5410 to a corresponding port within a storage cas-
sette 5400 for storage prior to the connector being re-
moved and connected to a port in a patch panel cassette
5500.

[0168] Although system 5000 may include hanger
units 1323’, alternative types of hanger units 1323" may
be preferable for system 5000. Hanger unit 1323" may
include a support 1324" and a plurality of individual hang-
ers 1325" extending from the support 1324". The free
end of each hanger 1325" may include a latch member
1326" that is hingedly coupled to the free end, for exam-
ple by a living hinge mechanism. The free end of each
hanger 1325" may also include a lip similar to lips 1327’
of hangerunits 1323’. It should be understood thathanger
unit 1323" may include substantially the same compo-
nents of hanger unit 1323’, with the main exception being
that hangers 1325", and thus latch members 1326", may
be angled with respect to a longitudinal axis of support
1324". For example, as shown in Fig. 37B, hangers
1325" may form an angle a5 of between about 30 de-
grees and about 60 degrees, including about 45 degrees,
with respect to the longitudinal axis of support 1324".
Whereas hanger units 1323’ may be used interchange-
ably on hanger plates or panels on either side of a patch
panel system, hanger units 1323" may be designed for
use on a hanger plate on a first side of a patch panel
system, while a mirror image of hanger unit 1323" may
be preferably used on a hanger plate on a second side
of patch panel system. For example, the hanger unit
1323" illustrated in Figs. 37A-C may be best suited for
use on panel 5800a of system 5000, whereas a mirror
image of hanger unit 1323" may be best suited for use
on panel 5800b of system 5000. One potential benefit of
hanger unit 1323" compared to hanger unit 1323’ is that
cables C resting on hangers 1325" may encounteramore
gradual angle compared to cables C resting on hangers
1325’ of hanger unit 1323’, and thus provide that a min-
imum bending radius for the cables C is maintained. For
example, as shown in Fig. 37C, cables extending beyond
each side of hangers 1325" encounter angles o6 and o.7
of about 135 degrees if o5 is about 45 degrees. This may
be a gentler angle compared to the 90 degree angle that
cables supported by hangers 1325’ of hanger unit 1323’
may encounter in addition to the rounded edge(s) that

10

15

20

25

30

35

40

45

50

55

49

may typically be fabricated on edges of the parts of hang-
ers 1325’ that contact cables. In other words, hangers
1325’ of hanger unit 1323’ may include rounded edges
or rounded extensions to help maintain a minimum bend-
ing radius of cables supported by the hangers 1325’, but
such features may require that hangers 1325’ are rela-
tively wide. It may be difficult to provide such rounded
edges orrounded extensions on hangers 1325" ofhanger
units 1323" because hungers 1325" are narrower than
hangers 1325'. Instead, as described above, a minimum
bending radius may be obtained in that narrow space by
positioning hangers 1325" at an angle relative to the lon-
gitudinal axis of support 1324". As noted above, the same
angles may be achieved for cables on panel 5800b of
system 5000 by using a hanger unit having a mirrored
configuration of hanger unit 1323". Although hanger unit
1323" (and corresponding mirror configurations) may be
particularly suited for system 5000 having narrow panels
5800a, 5800b, it should be understood that hanger
1323" may be used with other communication systems
described herein.

[0169] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised as
defined by the appended claims. narrow space by posi-
tioning hangers 1325" at an angle relative to the longitu-
dinal axis of support 1324". As noted above, the same
angles may be achieved for cables on panel 5800b of
system 5000 by using a hanger unit having a mirrored
configuration of hanger unit 1323". Although hanger unit
1323" (and corresponding mirror configurations) may be
particularly suited for system 5000 having narrow panels
5800a, 5800b, it should be understood that hanger
1323" may be used with other communication systems
described herein.

[0170] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised with-
out departing from the scope of the present invention as
defined by the appended claims.

Claims

1. A communication system (1200, 1300, 2000, 4000,
5000) comprising:

a first chassis (1202, 1302, 2004, 4100, 5100)
having first and second side walls and adapted
to slidably receive therein a plurality of cassettes
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(1210, 1310, 2010, 4500, 5500); and

a first cable hanger assembly (1220a, 1320a,
2021a, 4800a, 5800a) having a first side edge
hingedly coupled to the first side wall of the first
chassis, the first cable hanger assembly includ-
ing a plurality of first hangers (1223, 1323a)
adapted to support cables thereon, an axis of
rotation of the first cable hanger assembly being
substantially orthogonal to a direction in which
the plurality of cassettes are slidable,

a second cable hanger assembly (1220b,
1320b, 2021b, 4800b, 5800b) having a second
side edge hingedly coupled to the second side
wall of the first chassis, the second cable hanger
assembly including a plurality of second hang-
ers (1323b) adapted to support cables thereon,
an axis of rotation of the second cable hanger
assembly being substantially orthogonal to the
direction in which the plurality of cassettes are
slideable,

wherein the first and second cable hanger as-
semblies are each rotatable from a first position
to a second position so that during rotation from
the first position to the second position, the plu-
ralities of firstand second hangers, respectively,
move toward front faces of the plurality of cas-
settes, thereby providing access to sides or rear
portions of the communication system, and
thereby providing access to cables supported
by the plurality of first and second hangers, re-
spectively.

2. The communication system (4000, 5000) of claim 1,

further comprising:

a second chassis (4200, 5200) coupled to the
first chassis (4100, 5100) and positioned verti-
cally adjacent the first chassis, the second chas-
sis adapted to receive a plurality of splitter cas-
settes (4600, 5600) having splitter modules
therein; and

atrough (5700) for storing cables extending from
the splitter cassettes respectively to the plurality
of cassettes.

The communication system (5000) of claim 2, where-
in the second chassis (5200) is positioned beneath
the first chassis (5100).

The communication system (5000) of claim 3, where-
inthe trough (5700) s positioned beneath the second
chassis (5200).

The communication system (5000) of any of the pre-
ceding claims, wherein the plurality of first hangers
is coupled to a first guide panel (5800a) of the first
cable hanger assembly, the first guide panel includ-
ing a plurality of fins (5812a’, 5814a’ 5816a’) each
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extending between a first end and a second end, the
plurality of fins configured to guide the cables.

The communication system (5000) of claim 5, where-
in the firstends of the plurality of fins (5812a’, 5814a’,
5816a’) are positioned adjacent the first side wall of
the first chassis (5100) and extend to the second
ends in a direction away from the first side wall and
toward a bottom of the first chassis.

The communication system (5000) of claim 6, where-
in the plurality of fins (5812a’, 5814a’, 5816a’) in-
cludes afirst fin (5812a’), a second fin (5814a’), and
a third fin (5816a’), and the first end of the first fin is
positioned adjacent a top of the first chassis (5100).

The communication system (1200, 1300, 2000,
4000, 5000) according to any of the preceding
claims, wherein a first group of the cassettes (1210,
1310, 2010, 4500, 5500) is positioned adjacent a top
of the first chassis, a second group of the cassettes
(1210, 1310, 2010, 4500, 5500) is positioned be-
neath the first group of cassettes, and a third group
of the cassettes (1210, 1310, 2010, 4500, 5500) is
positioned beneath the second group of cassettes.

The communication system (1300) of claim 1, further
comprising a first side hanger (1340a, 1340b) cou-
pled to the first side wall of the first chassis (1302),
the first side hanger including a plurality of first pro-
trusions (1341a, 1341b) adapted to guide cables.

The communication system (1200, 1300, 2000,
4000, 5000) of claim 1, wherein the first cable hanger
assembly (1220a, 1320a, 2021a, 4800a, 5800a) is
rotatable a maximum of about 180 degrees about
the axis of rotation.

The communication system (1200, 1300, 2000,
4000, 5000) of claim 1, wherein the plurality of cas-
settes (1210, 1310, 2010, 4500, 5500) includes
patch panel cassettes and storage cassettes.

Patentanspriiche

1.

Kommunikationssystem (1200, 1300, 2000, 4000,
5000), umfassend:

ein erstes Chassis (1202, 1302, 2004, 4100,
5100), das eine erste und eine zweite Seiten-
wand aufweist und geeignet ist, darin mehrere
Kassetten (1210, 1310, 2010, 4500, 5500) ver-
schiebbar aufzunehmen; und

eine  erste  Kabelaufhdngungsanordnung
(122043, 1320a, 2021a, 4800a, 5800a), die eine
erste Seitenkante aufweist, die gelenkig mit der
ersten Seitenwand des ersten Chassis verbun-
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den ist, wobei die erste Kabelaufhdngungsan-
ordnung mehrere erste Aufhanger (1223,
1323a) aufweist, die geeignet sind, darauf Kabel
zu tragen, wobei eine Drehachse der ersten Ka-
belaufhangungsanordnung im Wesentlichen or-
thogonal zu einer Richtung ist, in der die meh-
reren Kassetten verschiebbar sind, eine zweite
Kabelaufhangungsanordnung (1220b, 1320b,
2021b, 4800b, 5800b) eine zweite Seitenkante
hat, die gelenkig mit der zweiten Seitenwand
des ersten Chassis verbunden ist, wobei die
zweite Kabelaufhangungsanordnung mehrere
zweite Aufhanger (1323b) aufweist, die geeig-
net sind, darauf Kabel zu tragen, wobei eine
Drehachse der zweiten Kabelaufhangungsan-
ordnung im Wesentlichen orthogonal zu der
Richtungist, in der die mehreren Kassetten ver-
schiebbar sind, wobei die erste und die zweite
Kabelaufhangungsanordnung jeweils von einer
ersten Position in eine zweite Position drehbar
sind, so dass sich wahrend der Drehung von der
ersten Position in die zweite Position die meh-
reren ersten bzw. zweiten Aufhdnger zu den
Vorderseiten der mehreren Kassetten hin bewe-
gen, wodurch ein Zugang zu Seiten oder hinte-
ren Abschnitten des Kommunikationssystems
geschaffen wird und dadurch ein Zugang zu Ka-
beln geschaffen wird, die von den mehreren ers-
ten bzw. zweiten Aufhangern getragen werden.

2. Kommunikationssystem (4000, 5000) nach An-

spruch 1, ferner umfassend:

ein zweites Chassis (4200, 5200), das mit dem
ersten Chassis (4100, 5100) gekoppelt und ver-
tikal neben dem ersten Chassis positioniert ist,
wobei das zweite Chassis geeignet ist, mehrere
Splitterkassetten (4600, 5600) mit darin befind-
lichen Splittermodulen aufzunehmen; und

eine Wanne (5700) zur Aufnahme von Kabeln,
die sich von den Splitterkassetten jeweils zu den
mehreren Kassetten erstrecken.

Kommunikationssystem (5000) nach Anspruch 2,
wobei das zweite Chassis (5200) unter dem ersten
Chassis (5100) positioniert ist.

Kommunikationssystem (5000) nach Anspruch 3,
wobei die Wanne (5700) unter dem zweiten Chassis
(5200) positioniert ist.

Kommunikationssystem (5000) nach einem der vor-
hergehenden Anspriiche, wobei die mehreren ers-
ten Aufhanger mit einer ersten Fuhrungsplatte
(5800a) der ersten Kabelaufhdngungsanordnung
gekoppelt sind, wobei die erste Fiihrungsplatte meh-
rere Rippen (5812a’, 5814a’, 5816a’) aufweist, die
sich jeweils zwischen einem ersten Ende und einem
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zweiten Ende erstrecken, wobei die mehreren Rip-
pen konfiguriert sind, um die Kabel zu fihren.

Kommunikationssystem (5000) nach Anspruch 5,
wobei die ersten Enden der mehreren Rippen
(5812a’, 5814a’, 5816a’) neben der ersten Seiten-
wand des ersten Chassis (5100) angeordnet sind
und sich zu den zweiten Enden in einer Richtung
weg von der ersten Seitenwand und zu einem Boden
des ersten Chassis hin erstrecken.

Kommunikationssystem (5000) nach Anspruch 6,
wobei die mehreren Rippen (5812a’,5814a’,5816a’)
eine erste Rippe (5812a’), eine zweite Rippe
(5814a’) und eine dritte Rippe (5816a’) umfassen
und wobei das erste Ende der ersten Rippe benach-
bart oben auf dem ersten Chassis (5100) positioniert
ist.

Kommunikationssystem (1200, 1300, 2000, 4000,
5000) nach einem der vorhergehenden Anspriiche,
wobei eine erste Gruppe der Kassetten (1210, 1310,
2010, 4500, 5500) neben einer Oberseite des ersten
Chassis positioniert ist, eine zweite Gruppe der Kas-
setten (1210, 1310, 2010, 4500, 5500) unter der ers-
ten Gruppe von Kassetten positioniert ist und eine
dritte Gruppe der Kassetten (1210, 1310, 2010,
4500, 5500) unter der zweiten Gruppe von Kassetten
positioniert ist.

Kommunikationssystem (1300) nach Anspruch 1,
ferner umfassend einen ersten seitlichen Aufthanger
(1340a, 1340b), der mit der ersten Seitenwand des
ersten Chassis (1302) gekoppelt ist, wobei der erste
seitliche Aufhdnger mehrere erste Vorspriinge
(1341a, 1341b) aufweist, die zur Fihrung von Ka-
beln geeignet sind.

Kommunikationssystem (1200, 1300, 2000, 4000,
5000) nach Anspruch 1, wobei die erste Kabelauf-
hangung (1220a, 1320a, 2021a, 4800a, 5800a) ma-
ximal um etwa 180 Grad um die Drehachse drehbar
ist.

Das Kommunikationssystem (1200, 1300, 2000,
4000, 5000) nach Anspruch 1, wobei die mehreren
Kassetten (1210, 1310, 2010, 4500, 5500) Patchpa-
nel-Kassetten und Speicherkassetten umfassen.

Revendications

1.

Systeme de communication (1200, 1300, 2000,
4000, 5000) comprenant :

un premier chéassis (1202, 1302, 2004, 4100,
5100) ayant des premiére et seconde parois la-
térales et apte a recevoir de maniére coulissante
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dans celui-ci une pluralité de cassettes (1210,
1310, 2010, 4500, 5500) ; et

un premier ensemble de suspension de cable
(1220a, 1320a, 2021a, 4800a, 5800a) présen-
tantun premier bord latéral accouplé de maniére
articulée a la premiére paroi latérale du premier
chassis, le premier ensemble de suspension de
cable comportant une pluralité de premiéres
suspensions (1223, 1323a) aptes a supporter
des cables sur celles-ci, un axe de rotation du
premier ensemble de suspension de cable étant
sensiblement orthogonal a une direction dans
laquelle la pluralité de cassettes peut coulisser,
un second ensemble de suspension de cable
(1220b, 1320b, 2021b, 4800b, 5800b) présen-
tant un second c6té bord accouplé de maniére
articulée a la seconde paroi latérale du premier
chassis, le second ensemble de suspension de
cable comportant une pluralité de secondes
suspensions (1323b) aptes a supporter des ca-
bles sur celles-ci, un axe de rotation du second
ensemble de suspension de cable étant sensi-
blement orthogonal a la direction dans lequel la
pluralité de cassettes peut coulisser, dans le-
quel les premier et second ensembles de sus-
pension de cable peuvent chacun tourner a par-
tir d’'une premiére position a une seconde posi-
tion de telle sorte que pendant la rotation a partir
de la premiére position a la seconde position,
les pluralités des premiere et seconde suspen-
sions, respectivement, se déplacent vers les fa-
ces avant de la pluralité de cassettes, fournis-
sant ainsi un accés aux cbdtés ou aux parties
arriere du systeme de communication, et four-
nissant ainsi un accés aux cables supportés par
la pluralité des premiére et seconde suspen-
sions, respectivement.

2. Systéeme de communication (4000, 5000) selon la

revendication 1, comprenant en outre :

un second chéssis (4200, 5200) accouplé au
premier chassis (4100, 5100) et positionné ver-
ticalement adjacent au premier chéssis, le se-
cond chéssis étant apte pour recevoir une plu-
ralit¢ de cassettes séparatrices (4600, 5600)
comportant des modules séparateurs dans ce-
lui-ci ; et

une auge (5700) destinée a stocker des cables
s’étendant respectivement a partir des casset-
tes de séparation vers la pluralité de cassettes.

3. Systéme de communication (5000) selon la reven-

dication 2, dans lequel le second chassis (5200) est
positionné sous le premier chassis (5100).

Systeme de communication (5000) selon la reven-
dication 3, dans lequel 'auge (5700) est positionnée
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sous le second chassis (5200).

Systeme de communication (5000) selon I'une quel-
conque des revendications précédentes, dans le-
quel la pluralité de premiéres suspensions est ac-
couplée a un premier panneau de guidage (5800a)
du premierensemble de suspension de cable, le pre-
mier panneau de guidage comportant une pluralité
d’ailettes (5812a’, 5814a’, 5816a’) s’étendant cha-
cune entre une premiére extrémité et une seconde
extrémité, la pluralité d’ailettes étant congue pour
guider les cables.

Systeme de communication (5000) selon la reven-
dication 5, dans lequel les premiéres extrémités de
la pluralité d’ailettes (5812a’, 5814a’, 5816a’) sont
positionnées adjacentes a la premiére paroi latérale
du premier chassis (5100) et s’étendent jusqu’aux
secondes extrémités dans une direction s’éloignant
apartirde la premiére paroilatérale et vers une partie
inférieure du premier chassis.

Systeme de communication (5000) selon la reven-
dication 6, dans lequel la pluralité d’ailettes (5812a’,
5814a’, 5816a’) comporte une premiére ailette
(5812a’), une deuxiéme ailette (5814a’) et une troi-
siéme ailette (5816a’) et la premiére extrémité de la
premiere ailette est positionnée adjacente au som-
met du premier chassis (5100).

Systeme de communication (1200, 1300, 2000,
4000, 5000) selon I'une quelconque des revendica-
tions précédentes, dans lequel un premier groupe
de cassettes (1210, 1310, 2010, 4500, 5500) est po-
sitionné de maniére adjacente a la partie supérieure
du premier chassis, un deuxieme groupe de casset-
tes (1210, 1310, 2010, 4500, 5500) est positionné
sous le premier groupe de cassettes, et un troisieme
groupe de cassettes (1210, 1310, 2010, 4500, 5500)
est positionné sous le deuxiéme groupe de casset-
tes.

Systeme de communication (1300) selon la reven-
dication 1, comprenant en outre une premiére sus-
pension latérale (1340a, 1340b) accouplée a la pre-
miéere paroi latérale du premier chéassis (1302), la
premiére suspension latérale comportant une plura-
lité de premiéres saillies (1341a, 1341b) apte a gui-
der les cables.

Systeme de communication (1200, 1300, 2000,
4000, 5000) selon la revendication 1, dans lequel le
premier ensemble de suspension de cable (1220a,
1320a, 2021a, 4800a, 5800a) peut tourner sur un
maximum d’environ 180 degrés autour de I'axe de
rotation.

Systeme de communication (1200, 1300, 2000,
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4000, 5000) selon la revendication 1, dans lequel la
pluralit¢ de cassettes (1210, 1310, 2010, 4500,
5500) comporte des cassettes de panneau de rac-
cordement et des cassettes de stockage.
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