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FRONT RACK CABLE MANAGEMENT 
SYSTEMAND APPARATUS 

TECHNICAL FIELD 

The disclosed embodiments relate generally to front cable 
management of equipment modules mounted in equipment 
racks. 

BACKGROUND 

It is well known to use equipment racks for mounting and 
Supporting multiple equipment modules. For example, 
19-inch racks are widely used in modern data centers, ISP 
facilities and corporate server rooms for mounting and 
Supporting various equipment modules, including comput 
ing, telecommunication, audio, and/or video equipment. 

Currently available cable management arms (CMAs) are 
mounted on the rear of equipment racks and connected to the 
rear of the equipment modules accessible from the “hot 
aisle'. In particular, cables are managed by a conventional 
CMA as a chassis Supporting an equipment module is pulled 
out from the equipment rack in a drawer-like manner for 
servicing the equipment module from the “cold aisle”. As 
the chassis is pulled out, the space in the back side of the 
chassis is cleared for the CMA to follow with the chassis 
movement. Such conventional CMAs are designed for the 
currently used rack mount servers and storage enclosures 
that are all designed with I/O cables on rear of the chassis. 
An example of such a conventional CMA is described in 
U.S. Patent Application Publication No. 2011/0100933 A1 
entitled “Reversible Cable Management Arm”. 

Recent efforts have been made to arrange I/O cables on 
the front of equipment racks for ready access from the “cold 
aisle”. For example, the Open Compute Project (OCP) 
initiated by Facebook calls for an OCP rack that has the 
same outside dimensions as a conventional 19-inch rack 
(e.g., 600 mm width), but allows for wider equipment 
modules. The OCP rack design requires that the I/O cables 
be arranged on the front of the equipment rack. Unfortu 
nately, conventional CMAs mounted on the front of the rack 
will block the chassis travel path as it and the equipment 
module supported thereon are pulled out for service. Also, 
power buttons, status displays and other items are generally 
located on the front of an equipment module for simple 
access by service personnel for service needs from the “cold 
aisle”. Again, conventional CMAs mounted on the front of 
the rack may block access to the power buttons, status 
displays and other items, needlessly requiring the service 
personnel to manually manage the CMAS or cables Sup 
ported thereon for various service needs. 

This is not just the problem for the chassis used in OCP 
racks; it is well known issue for the most commonly 
designed blade servers from HP, Dell, and Cisco. Such blade 
servers have the I/O cable arranged on front and are thus not 
Suited for front cable management using conventional 
CMAS. Instead, cables are left to dangle and hang on the 
front of the chassis, and service personnel generally has to 
disconnect the cables from the chassis (and equipment 
modules Supported thereon) in order to pull the chassis out. 
Unfortunately, such disconnection will disconnect the data 
transfer and is not allowed for most applications. 

Longer cables dangling on front of the chassis maybe 
used in order to avoid disconnecting data traffic. In this case, 
service personnel must manually manage the longer dan 
gling cables while moving the chassis out. These dangled, 
unmanaged cables block the front of other chassis/modules 
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2 
mounted below the Subject chassis, and thus eliminate or 
reduce the visibility of the status indicators and/or the 
airflow path of the lower chassis/modules. In some cases, the 
blockage of air vents could be fatal for the cooling systems 
of the lower chassis/modules. 

In light of the foregoing, it would be beneficial to have 
systems and apparatuses which overcome the above and 
other disadvantages of currently available CMAs. 

SUMMARY 

Various embodiments of systems, apparatuses and devices 
within the scope of the appended claims each have several 
aspects, no single one of which is solely responsible for the 
attributes described herein. Without limiting the scope of the 
appended claims, after considering this disclosure, and par 
ticularly after considering the section entitled “Detailed 
Description one will understand how the aspects of various 
embodiments are used to facilitate front rack cable manage 
ment. 

One aspect is directed to an apparatus for front cable 
management generally including a cable management 
device for a rack-mounted equipment module Supported in 
an equipment rack. The cable management device generally 
includes an articulated arm movable between a retracted 
operational position and a service position extending for 
wardly out from the equipment rack. 

Another aspect is directed to a system for front cable 
management generally including an equipment rack and a 
rack-mount Support for movably positioning a rack-mount 
equipment module on the equipment rack. The rack-mount 
Support generally includes a front end configured to receive 
a cable management device for routing cables from a cable 
Zone of the equipment rack to a front end of the rack-mount 
Support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the present disclosure can be understood in greater 
detail, a more particular description may be had by reference 
to the features of various embodiments, some of which are 
illustrated in the appended drawings. The appended draw 
ings, however, merely illustrate pertinent features of the 
present disclosure and are therefore not to be considered 
limiting, for the description may admit to other effective 
features. 

FIG. 1 is a perspective view of an exemplary rack system 
for front cable management in accordance with various 
aspects of the present invention, the system including an 
equipment module and cable management device shown in 
a retracted operational position. 

FIG. 2 is a perspective view of the rack system of FIG. 1, 
with the equipment module and cable management device 
shown in an extended service position. 

FIG. 3 is an enlarged perspective view of the cable 
management device of FIG. 1. 

FIG. 4 is an enlarged perspective view of the underside of 
the equipment module and cable management device of 
FIG. 1 shown in an extended service position. 

FIG. 5 is a bottom view of the underside of the equipment 
module and cable management device of FIG. 1 shown in an 
extended service position. 

FIG. 6 is a bottom view of the underside of the equipment 
module and cable management device of FIG. 1 shown in a 
partially extended position. 
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FIG. 7 is a bottom view of the underside of the equipment 
module and cable management device of FIG. 1 shown in a 
retracted operational position. 

FIG. 8 is an enlarged perspective view of the equipment 
module of FIG. 1 shown in an extended service position, the 
equipment module including an inner chassis slidably 
mounted on an outer chassis to slide between the extended 
and retracted positions. 

FIG. 9 is an enlarged perspective view of another exem 
plary equipment module similar to that shown in FIG. 1 and 
shown in an extended service position, the equipment mod 
ule including a chassis slidably mounted on an equipment 
rack. 

In accordance with common practice the various features 
illustrated in the drawings may not be drawn to scale. 
Accordingly, the dimensions of the various features may be 
arbitrarily expanded or reduced for clarity. In addition, some 
of the drawings may not depict all of the components of a 
given system, apparatus or device. Finally, like reference 
numerals may be used to denote like features throughout the 
specification and figures. 

DETAILED DESCRIPTION 

The various embodiments described herein include sys 
tems, apparatuses and/or device for front cable management 
of an equipment rack having rack-mounted equipment mod 
ules movable between a retracted operational position and a 
service position extending forwardly out from the equipment 
rack. 

Another aspect is directed to a system for front cable 
management generally including an equipment rack and a 
rack-mount Support for movably positioning a rack-mount 
equipment module on the equipment rack. The rack-mount 
Support generally includes a front end configured to receive 
a cable management device for routing cables from a cable 
Zone of the equipment rack to a front end of the rack-mount 
Support. 

(A1) More specifically, some embodiments include an 
apparatus for front rack cable management for a rack 
mounted equipment module Supported in an equipment rack 
by a rack-mount Support, the apparatus including: a cable 
management device for routing cables from a front side of 
the equipment rack to a front end of the rack-mount Support, 
the cable management device including an articulated arm 
assembly with a rear segment configured to be connected to 
a stationary mount that is immovable relative to the equip 
ment rack and a front segment configured to be connected to 
a movable mount that moves with a front end of the 
rack-mount Support, and an articulation joint interconnect 
ing the front and rear segments, wherein the cable manage 
ment device is configured to move between a folded state 
when the rack-mount Support is in a retracted operational 
position within the equipment rack and an extended State 
when the rack-mount Support is in a service position extend 
ing forwardly out from the equipment rack. 

(A2) In some embodiments of the apparatus of A1, the 
cable management device further includes: a rear connector 
configured for mounting a rear end of the rear segment to the 
stationary mount; and a front connector for mounting a front 
end of the front segment to the movable mount proximal a 
front end of the rack-mount support, wherein the front 
connector moves with the rack-mount Support between the 
retracted operational position and the extended service posi 
tion. 
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4 
(A3) In some embodiments of the apparatus of A2, the 

rear connector pivotally connects the rear segment to the 
stationary mount. 

(A4) In some embodiments of the apparatus of any of A2 
to A3, the front connector allows the front segment to rotate 
with respect to the front end of the rack-mount support. 

(A5) In some embodiments of the apparatus of any of A2 
to A4, the front connector is mounted on the movable mount, 
which is located on a downward-facing Surface of the 
rack-mount Support. 

(A6) In some embodiments of the apparatus of any of A2 
to A5, at least one of the front and rear segments includes a 
cable guide for routing one or more cables from the front 
side of the equipment rack to the front end of the rack-mount 
Support. 

(A7) In some embodiments of the apparatus of A6, the 
cable guide is a passage formed in a respective one of the 
front and rear segments. 

(A8) In some embodiments of the apparatus of A7, the 
passage is a channel extending along a length of the respec 
tive one of the front and rear segments. 

(A9) In some embodiments of the apparatus of any of A1 
to A8, the rear segment includes an aperture for routing one 
or more cables from a front cable Zone of the equipment 
rack, wherein the one or more cables pass through the 
aperture and along the rear segment. 

(A10) In some embodiments of the apparatus of any of A1 
to A9, the cable management device is positioned immedi 
ately below the rack-mount Support. 

(A11) In some embodiments of the apparatus of A10, the 
cable management device is positioned within a cable man 
agement Zone located immediately below the rack-mount 
Support. 

(A12) In some embodiments of the apparatus of A11, the 
cable management Zone has a height of approximately 30 

. 

(A13) In some embodiments of the apparatus of any of A1 
to A12, the apparatus further including an arm-Support 
assembly connected to the articulated arm assembly and 
configured to prohibit or reduce sagging of the articulated 
arm assembly under the weight of one or more cables routed 
along the articulated arm assembly. 

(A14) In some embodiments of the apparatus of A13, the 
arm-Support member includes a Support member having one 
end connected to the rack-mount Support and another end 
connected to the articulated arm assembly. 

(A15) In some embodiments of the apparatus of A14, the 
one end of the Support member is pivotally mounted on a 
lower Surface of the rack-mount Support. 

(A16) In some embodiments of the apparatus of A14 or 
A15, the another end of the support member is slidably 
connected to articulation joint of the articulated arm assem 
bly. 

(A17) In some embodiments of the apparatus of any of A1 
to A16, the rack-mount Support is a rack-mount enclosure. 

(A18) In some embodiments of the apparatus of A17, 
further including an enclosure slide assembly movably Sup 
porting the rack-mount enclosure, wherein the rack-mount 
enclosure is moveable between the retracted operational 
position within the equipment rack and the extended service 
position extending forwardly out from the equipment rack. 

(A19). In some embodiments of the apparatus of any of A1 
to A18, the rack-mount Support includes: an outer chassis 
configured for mounting to the equipment rack; an inner 
chassis configured for housing a rack-mount equipment 
module, the inner chassis including a front end with one or 
more cable ports; and a chassis slide assembly movably 
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Supporting the inner chassis on the outer chassis, wherein the 
inner chassis is moveable between the retracted operational 
position within the equipment rack and the extended service 
position extending forwardly out from the equipment rack. 

(A20) In some embodiments of the apparatus of A19, the 
rear segment is pivotally connected to the outer chassis. 

(A21) In some embodiments of the apparatus of any of 
A19 to A20, the front segment is rotatably connected to a 
front end of the inner chassis. 

(A22) In some embodiments of the apparatus of any of 
A19 to A21, the articulated arm assembly is located between 
a lower Surface of the inner chassis and the outer chassis 
when the inner chassis is in the retracted operational posi 
tion. 

(A23) In some embodiments of the apparatus of any of 
A19 to A22, the front end of the inner chassis includes one 
or more cable ports, and the cable management device is for 
guiding one or more cables from the front side of the 
equipment rack, along the rear segment and the front seg 
ment, and toward the one or more cable ports. 

(A24) In some embodiments of the apparatus of any of A1 
to A23, the equipment rack is one of a 19-inch rack, a 
23-inch rack, or an Open Compute Project (OCP) rack. 

(B1) Some embodiments include an apparatus for front 
rack cable management for a rack-mounted equipment mod 
ule Supported in an equipment rack by a rack-mount Support, 
the apparatus including: a cable management means for 
routing cables from a front side of the equipment rack to a 
front end of the rack-mount Support, the cable management 
means including articulation means configured to be con 
nected to a stationary mount that is immovable relative to the 
equipment rack and configured to be connected to a movable 
mount that moves with a front end of the rack-mount 
Support, wherein the cable management means is configured 
to move between a folded state when the rack-mount support 
is in a retracted operational position within the equipment 
rack and an extended State when the rack-mount Support is 
in a service position extending forwardly out from the 
equipment rack. 

(B2) In some embodiments of the apparatus of B1, the 
cable management means further includes: rear connector 
means configured for mounting a rear end of the rear 
segment to the stationary mount; and front connector means 
for mounting a front end of the front segment to the movable 
mount proximal a front end of the rack-mount Support. 

(B3) In some embodiments of the apparatus of B1 or B2. 
the cable management means further includes cable guide 
means for routing one or more cables from the front side of 
the equipment rack to the front end of the rack-mount 
Support. 

(B4) In some embodiments of the apparatus of any of B1 
to B3, the cable management means is positioned immedi 
ately below the rack-mount Support. 

(B5) In some embodiments of the apparatus of B4, the 
cable management means is positioned within a cable man 
agement Zone located immediately below the rack-mount 
Support. 

(B6) In some embodiments of the apparatus of any of B1 
to B5, the apparatus further including an arm-support means 
configured to prohibit or reduce sagging of the articulation 
means under the weight of one or more cables routed along 
the articulation means. 

(B7). In some embodiments of the apparatus of B6, the 
arm-Support means is operationally attached to the rack 
mount Support and the articulation means. 

(B8) In some embodiments of the system of any of B1 to 
B7, further including slide means movably Supporting the 
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6 
rack-mount Support, wherein the rack-mount Support is 
moveable between the retracted operational position within 
the equipment rack and the extended service position 
extending forwardly out from the equipment rack. 

(B9). In some embodiments of the apparatus of any of B1 
to B6 or B8, the rack-mount support includes: outer chassis 
means configured for mounting to the equipment rack; inner 
chassis means configured for housing a rack-mount equip 
ment module; and chassis slide means movably supporting 
the inner chassis means on the outer chassis means, wherein 
the inner chassis means is moveable between the retracted 
operational position within the equipment rack and the 
extended service position extending forwardly out from the 
equipment rack. 

(B10) In some embodiments of the apparatus of B9, the 
articulation means is located between the inner chassis 
means and the outer chassis means when the inner chassis 
means is in the retracted operational position. 

(C1) Some embodiments include a system for front rack 
cable management, the system including: an equipment rack 
for mounting a plurality of rack-mount equipment modules 
therein, the equipment rack including an equipment Zone for 
receiving the plurality of rack-mounted equipment modules, 
and a cable Zone for routing a plurality of cables to the 
plurality of rack-mounted equipment modules, wherein the 
cable Zone is located forward of the equipment Zone; and a 
rack-mount Support for movably positioning a rack-mount 
equipment module on the equipment rack, wherein the 
rack-mount Support is moveable between a retracted opera 
tional position within the equipment Zone and an extended 
service position extending forwardly out from the equipment 
Zone; and wherein a front end of the rack-mount Support is 
configured to receive a cable management device for routing 
cables from the cable Zone of the equipment rack to a front 
end of the rack-mount Support. 

(C2) In some embodiments of the system of C1, the 
rack-mount Support is positioned in the equipment rack Such 
that a cable management Zone is provided immediately 
below the rack-mount Support, the cable management Zone 
providing free space to receive the cable management 
device. 

(C3) In some embodiments of the system of C2, the cable 
management Zone has a height of approximately 30 mm. 

(C4) In some embodiments of the system of any of C1 to 
C3, the cable management device includes: a rear end 
connected to a stationary mount that is immovable relative 
to the equipment rack equipment rack proximal to the cable 
Zone; and a front end connected to a movable mount that 
moves with a front end of the rack-mount Support; wherein 
the rear end and the front end move relative to one another 
to accommodate motion of the rack-mount Support between 
the retracted operational position and the extended service 
position. 

(C5) In some embodiments of the system of C4, the cable 
management device further includes: an articulated arm 
assembly including front and rear segments, the front end 
being on the front segment and the rear end being on the rear 
segment; an articulation joint interconnecting the front and 
rear segments; a rear connector mounting the rear end to the 
stationary mount; and a front connector mounting a front 
end to the movable mount, wherein the front connector 
moves with the rack-mount support between the retracted 
operational position and the extended service position. 

(C6) In some embodiments of the system of C5, the rear 
connector pivotally connects the rear segment to the station 
ary mount. 
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(C7) In some embodiments of the system of C5 or C6, the 
front connector allows the front segment to rotate with 
respect to the front end of the rack-mount Support. 

(C8) In some embodiments of the system of any of C5 to 
C7, the front connector is mounted on the movable mount, 
which is located on a downward-facing Surface of the 
rack-mount Support. 

(C9) In some embodiments of the system of any of C5 to 
C8, at least one of the front and rear segments includes a 
cable guide for routing one or more cables from the front 
side of the equipment rack to the front end of the rack-mount 
Support. 

(C10) In some embodiments of the system of C9, the 
cable guide is a passage formed in a respective one of the 
front and rear segments. 

(C11) In some embodiments of the system of C10, the 
passage is a channel extending along a length of the respec 
tive one of the front and rear segments. 

(C12) In some embodiments of the system of any of C5 
to C11, the rear segment includes an aperture for routing one 
or more cables from a front cable Zone of the equipment 
rack, wherein the one or more cables pass through the 
aperture and along the rear segment. 

(C13) In some embodiments of the system of any of C1 
to C12, the equipment rack includes a plurality of Support 
posts, at least one of the plurality of Support posts including 
a recess defining the cable Zone. 

(C14) In some embodiments of the system of any of C1 
to C13, the equipment rack is one of a 19-inch rack, a 
23-inch rack, or an Open Compute Project (OCP) rack. 

(D1) A system for front rack cable management, the 
System including: equipment rack means for mounting a 
plurality of rack-mount equipment modules therein, the 
equipment rack means including an equipment Zone for 
receiving the plurality of rack-mounted equipment modules, 
and a cable Zone for routing a plurality of cables to the 
plurality of rack-mounted equipment modules, wherein the 
cable Zone is located forward of the equipment Zone; and 
rack-mount Support means for movably positioning a rack 
mount equipment module on the equipment rack, wherein 
the rack-mount Support is moveable between a retracted 
operational position within the equipment Zone and an 
extended service position extending forwardly out from the 
equipment Zone; and a cable management means for routing 
cables from the cable Zone of the equipment rack to a front 
end of the rack-mount Support means. 

(D2) In some embodiments of the system of D1, the 
rack-mount Support means is positioned in the equipment 
rack means Such that a cable management Zone is provided 
immediately below the rack-mount Support means, the cable 
management Zone providing free space to receive the cable 
management means. 

(D3) In some embodiments of the system of D1 or D2, the 
cable management means is connected to a stationary mount 
that is immovable relative to the equipment rack means, and 
connected to a movable mount that moves with the rack 
mount Support means. 

(D4) In some embodiments of the system of claim any of 
D1 to D3, the cable management means further includes 
articulation means interconnecting the stationary and mov 
able mounts. 

(D5) In some embodiments of the system of any of D1 to 
D4, the cable management means further includes cable 
guide means for routing one or more cables from the 
equipment rack means to the rack-mount Support means. 
Numerous details are described herein in order to provide 

a thorough understanding of the exemplary embodiments 
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8 
illustrated in the accompanying drawings. However, some 
embodiments may be practiced without many of the specific 
details, and the scope of the claims is only limited by those 
features and aspects specifically recited in the claims, 
including various alternatives, modifications, equivalents 
and other embodiments, which may be included within the 
spirit and scope of the claims. Furthermore, well-known 
components have not been described in exhaustive detail so 
as not to unnecessarily obscure pertinent aspects of the 
embodiments described herein. 

Turning now to the drawings, FIGS. 1 and 2, illustrate an 
exemplary rack system for front cable management in 
accordance with various aspects of the present invention. 
The system generally includes an equipment rack 30 for 
Supporting one or more equipment modules 32 movable 
between a retracted operational position within an equip 
ment Zone 33 (FIG. 1) and an extended service position 
extending forwardly out from the equipment rack (FIG. 2), 
and a cable management device 35 configured for Support 
ing and routing one or more cables 37 extending from a front 
cable Zone 39 of the equipment rack to the equipment 
module as it moves between its retracted and extended 
positions. Although only one equipment module 32 is shown 
mounted in equipment rack 30, one will appreciate that 1, 2, 
3 or more equipment modules may be mounted within the 
equipment rack. 
As used herein, the terms “front” or “forward may be 

construed to mean the side of the equipment rack that is most 
readily accessible to service personnel for viewing status 
indicators of the equipment modules mounted therein. Thus, 
the “front” or “forward side of the equipment rack may be 
construed to mean the side of the equipment rack facing and 
closest to the “cold aisle', and also may be construed to 
mean the side of the equipment rack that is opposite to the 
rear end of the equipment rack at which a power distribution 
unit (PDU) is conventionally located. Similarly, the “front 
or “forward side, end, etc. of the equipment modules, the 
rack-mount Support, the chassis and other components may 
be construed to mean the side, end, etc. that is facing and 
closest to the “cold aisle”. 
The equipment rack 30 may take various forms, including 

but not limited to 19-inch racks, 23-inch racks, OCP racks, 
and etc. For example, a 19-inch rack is a standardized frame 
or enclosure for mounting multiple equipment modules, 
each module having a front panel that is 19 inches (482.6 
mm) wide, including protrusions on each side that allow the 
module to be fastened to the equipment rack. Such racks are 
generally 600 mm, and 600 mm, 800 mm or 1010 mm deep. 
Similarly, a 23-inch rack is standardized to accommodate 
wider equipment modules. The more recent OCP specified 
equipment rack has the same outside dimensions as a 
conventional 19-inch rack (e.g., 600 mm wide), but is 
designed to mount wider equipment modules having widths 
up to about 21 inches (537 mm). The OCP rack configura 
tion allows wider equipment to fit within the overall foot 
print of a 19-inch rack. 

In Some embodiments, the equipment modules 32 are 
mounted on a slide assembly 40 in order to mount heavy 
equipment modules and/or frequently-serviced equipment 
modules to the equipment rack and allow a user to slide and 
equipment module into and out of the equipment rack 30 for 
ready access and/or installation (see FIGS. 2, 8 and 9). In 
Some cases, the slide assemblies may be mounted directly to 
the equipment rack (FIG. 9), or to an outer chassis (FIG. 8) 
as will be discussed in further detail below. In either case, 
the slide assembly allows the equipment module to slide 
partially or fully clear of the equipment rack thus allowing 
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for inspection or maintenance of the equipment module, position (FIGS. 1 and 5), through a partially extended 
which may be then slid back into the rack. In some embodi- intermediate position (FIG. 6), to a retracted operational 
ments, the slide assembly may include discrete rails and/or position (FIGS. 2 and 7), and back again. 
slides interconnecting the equipment rack and the equipment In some embodiments, a rear connector 60 is configured 
module, integral rails and/or slides, a channel or drawer 5 for mounting a rear end of the rear segment 51 to the 
assembly accommodating the equipment module, bearing stationary mount 53. In the illustrated embodiment, the rear 
assemblies and/or other means to provide a suitable slide connector is a quick-release bracket used to quick-releasably 
means to allow drawer-like sliding of the equipment module interconnect the rear segment of the articulated arm assem 
between its extended and retraced positions. bly (or outer chassis) to the equipment rack without the need 

In some embodiments, the equipment module 32 may be 10 for tools. One will appreciate that rear connector may take 
mounted in or on a rack-mount Support 42 that, in turn, is various forms including, but not limited to, various brackets 
slidably mounted in the equipment rack 30. In the illustrated that may or may not require the use of tools, various 
embodiment, the rack-mount Support is an enclosed chassis, fasteners and/or fastening means, and other Suitable means. 
however, one will appreciate that other suitable framework In some embodiments, the rear connector includes one or 
or structures may be used, including but not limited to open 15 more hinges 61 that pivotally connect the rear segment to the 
chassis, Subracks, and the like. In some embodiments, the stationary mount, directly or indirectly. One will appreciate 
equipment module 32 may be mounted in or on an inner that various means may be used to pivotally connect the rear 
chassis 44 that is slidably mounted within or on an outer segment to the stationary mount. 
chassis 46, which in turn is mounted in the equipment rack. In some embodiments, a flange 63 is affixed to the 
And in some embodiments, the equipment module itself 20 stationary mount 53 and is immovable relative to the equip 
may serve as the rack-mount Support, with the equipment ment rack. One will appreciate, however, that the stationary 
module itself being slidably connected to the equipment mount may be a surface portion or screw hole(s) of the 
rack. equipment rack to which the rear segment of the articulated 
The equipment modules are generally configured with arm is pivotally attached. For example, the rear connector of 

industry-accepted dimensions defined in multiples of a “rack 25 the rear segment may be screwed, bolted, soldered, welded 
unit (U or RU), or in the case of an OCP rack, defined in or otherwise affixed directly to the equipment rack and/or to 
multiples of an "OpenU”. A typical RU is a unit of measure a bracket or Support affixed directly to the equipment rack. 
that describes the height of equipment designed to mount in In some embodiments, a front connector 65 is configured 
a 19-inch rack or a 23-inch rack. The 19-inch (482.6 mm) or for mounting a front end of the front segment 54 to the 
23-inch (584.2 mm) dimension reflects the width of the 30 movable mount 56 (FIG. 4) proximal a front end of the 
equipment mounting-frame in the equipment rack (the width equipment module 32 Such that the front segment 54 may 
of the equipment module that can be mounted inside the rack rotate with respect to the front end of the equipment module 
is less). One rack unit (RU) is 1.75 inches (44.45 mm) high, 32. In the illustrated embodiment, the movable mount is a 
while an OpenU is slightly larger at 48 mm high. The RU or Surface portion of an underside of the equipment module or 
OpenU represents the overall allocated vertical height of the 35 screw hole(s) in an underside of the equipment module, that 
equipment rack. The actual dimensions of a front panel of an is, to a downward-facing Surface or a bottom Surface of the 
equipment module (or filler panel for a vacant space in a equipment module. One will appreciate that the movable 
rack) is not an exact multiple of 1.75 inches (44.45 mm). To mount may be located on a front Surface of the equipment 
allow space between adjacentrack-mounted components, an module, for example, the front connector may have a 
equipment module or a filler panel is generally /32 inch 40 L-shaped flange overlapping and affixed a portion of the 
(0.031 inch or 0.79 mm) less in height than the full number front Surface equipment module. Similarly, one will appre 
of rack units would imply. Thus, a 1U front panel would be ciate that the movable mount may be a Surface portion on, 
1.719 inches (43.66 mm) high. If n is number of rack units, or screw hole(s) in, a top surface of the equipment module, 
the formula for panel height is h=(1.750 n-0.031) inch= in which case the cable management device may be posi 
(44.45n-0.79) mm. 45 tioned above the equipment module. Accordingly, the spe 

Turning now to FIG. 3, in some embodiments the cable cific location of the movable mount may vary provided that 
management device includes an articulated arm assembly 47 it is readily accessible from the front of the equipment rack. 
for routing one or more cables from a front side 39 of the As such, one will appreciate that the movable mount may be 
equipment rack to one or more cable ports 49 located on a located on similar Surfaces of the rack-mount Support, the 
front end of the equipment module 32. The articulated arm 50 chassis, and/or the inner chassis which would move with the 
assembly generally includes a rear segment 51 configured to equipment module between its retracted operation position 
be connected to a stationary mount 53 in FIG. 2 that is and its extended service position. 
immovable relative to the equipment rack, and a front In some embodiments, the front connector 65 allows the 
segment 54 configured to be connected to a movable mount front segment 54 to rotate with respect to the front end of the 
56 in FIG. 4 that moves with a front end of the equipment 55 equipment module 32. In some embodiments, the front 
module 32. In some embodiments, the articulation arm connector is configured to allow the front segment to rotate 
includes an articulation joint 58 interconnecting the front with respect to the forward end of the rack-mount support, 
and rear segments. a forward end of the rack-mount Support, or a forward end 
The cable management device 35 is configured to move of the rack-mounted equipment module. 

between a folded State when the rack-mount Support is in a 60 In some embodiments, joint 58 is a linkage pivotally 
retracted operational position within the equipment rack interconnecting the front and rear segments 54, 51 such that 
(FIG. 1) and an extended state when the rack-mount support the pivot points of the front and rear segments are spaced 
is in a service position extending forwardly out from the apart from one another (FIG. 3). One will appreciate that the 
equipment rack (FIG. 2). The cable management device 35 joint may take other structures or forms. For example, the 
is also configured to Support and guide cables extending 65 joint may simply be a common pivot for both segments. 
from the front cable Zone 39 of the equipment rack 30 as the With continued reference to FIG. 3, the articulated arm 
equipment modules moves from the fully extended service assembly 47 includes a cable guide 67 for routing one or 
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more cables from the front end of the equipment rack to the 
front end of the equipment module 32. In some embodi 
ments, the cable guide may include a passage and/or open 
channel 68 extending along a length of one or both of the 
front and rear segments 54, 51. In some embodiments, the 
cable guide may include cable holders 70 through which one 
or more cables may extend. As shown in FIG. 3, the cable 
holders may be configured to be readily opened (e.g., 70') 
and closed (e.g., 70) without the need for tools so as to 
facilitate installation of the cable management assembly. In 
Some embodiments, the cable guide may include one or 
more apertures 72 formed in a one or both of the front and 
rear segments to allow the cable to pass through the respec 
tive segment (FIG. 5). 
As shown in FIG. 4, in some embodiments the cable 

management device is positioned immediately below the 
equipment module 32 Such that the cable management 
device may extend in a cable management Zone (CMZ), for 
example, the space defined between the underside surface of 
the Subject equipment module and the top Surface of another 
lower-mounted equipment module. In some embodiments 
the vertical height of the cable management device may be 
about 3/4 to 1/2 inch (about 20 to 40 mm), preferably about 
1 to 1/4 inch (about 25 to 35 mm), and more preferably 
about 30 mm (about 13/16 inches). 

In some embodiments, an arm-Support assembly 74 may 
be provided to prohibit or reduce sagging of the articulated 
arm assembly under the weight of one or more cables routed 
along the articulated arm. The arm-support assembly may be 
mounted to an underside of the equipment module 32 and 
arranged to support a portion of the articulated arm assem 
bly. For example, the arm Support assembly may be attached 
to joint 58 of the articulated arm assembly, as shown in FIG. 
3. 

In some embodiments, the arm-support assembly may 
include a support member 75 that includes a first end 
pivotally connected to the equipment module 32, and a 
second end slidably and/or rotatably connected to joint 58 by 
a sleeve 77. One will appreciate that the one end may be 
similarly connected to a rack-mount Support, a chassis, or an 
inner chassis. One will also appreciate that other means may 
be utilized to reduce sagging of the articulated arm assem 
bly. 

Turning now to FIGS. 8 and 9, in some embodiments the 
equipment module may be removably mounted in an inner 
chassis 44 slidably mounted within or on an outer chassis 46 
that is mounted on the equipment rack 30 (FIG. 8), and in 
Some embodiments the equipment module 32 may be 
removably mounted in an equipment chassis (e.g., rack 
mount support 42) or other suitable framework or enclosure 
that is itself slidably mounted on the equipment rack 30 
(FIG. 9). 

In the case of the former (FIG. 9), slide assembly 40 
slidably mounts the inner chassis 44 to the outer chassis 46. 
whereby the cable management device may be pre-installed 
on the inner/outer chassis configuration prior to installation 
within an equipment rack. The Vertical space defined by an 
underside of the inner chassis and the adjacent Surface of the 
outer chassis is the cable management Zone (CMZ shown in 
FIG. 3) that provides the free space that receives the cable 
management device 35. 

In the case of the latter, slide assembly 40 interconnects 
chassis (e.g., rack-mount Support 42) directly to equipment 
rack 30. In this case, the vertical space defined between an 
underside of the Subject equipment module and the top 
Surface of another lower-mounted equipment module is the 
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12 
cable management Zone (CMZ) that provides the free space 
that receives the cable management device 35. 

It will be understood that, although the terms “first.” 
“second,' etc. may be used herein to describe various 
elements, these elements should not be limited by these 
terms. These terms are only used to distinguish one element 
from another. For example, a first end could be termed a 
second end, and, similarly, a second end could be termed a 
first end, without changing the meaning of the description, 
so long as all occurrences of the “first end are renamed 
consistently and all occurrences of the “second end are 
renamed consistently. The first end and the second end are 
both ends, but they are not the same end. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the claims. As used in the description of the 
embodiments and the appended claims, the singular forms 
“a,” “an and “the are intended to include the plural forms 
as well, unless the context clearly indicates otherwise. It will 
also be understood that the term “and/or” as used herein 
refers to and encompasses any and all possible combinations 
of one or more of the associated listed items. It will be 
further understood that the terms “comprises” and/or “com 
prising,” when used in this specification, specify the pres 
ence of Stated features, integers, steps, operations, elements, 
and/or components, but do not preclude the presence or 
addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
The foregoing description, for purpose of explanation, has 

been described with reference to specific embodiments. 
However, the illustrative discussions above are not intended 
to be exhaustive or to limit the claims to the precise forms 
disclosed. Many modifications and variations are possible in 
view of the above teachings. The embodiments were chosen 
and described in order to best explain principles of operation 
and practical applications, to thereby enable others skilled in 
the art. 

What is claimed is: 
1. An apparatus for front rack cable management for a 

rack-mounted equipment module Supported in an equipment 
rack by a rack-mount Support, the apparatus comprising: 

a cable management device for routing cables from a front 
side of the equipment rack to a front end of the 
rack-mount Support, the cable management device 
including: 
an articulated arm assembly with a rear segment con 

figured to be connected to a stationary mount that is 
immovable relative to the equipment rack and a front 
segment configured to be connected to a movable 
mount that moves with a front end of the rack-mount 
Support; and 

an articulation joint interconnecting the front and rear 
Segments; 

wherein the cable management device is configured to 
move between a folded state when the rack-mount 
Support is in a retracted operational position within 
the equipment rack and an extended State when the 
rack-mount Support is in a service position extending 
forwardly out from the equipment rack, wherein 
when in the retracted operational position, the front 
end of the rack-mount Support is configured to be 
located proximal to the front side of the equipment 
rack, and wherein the cable management device is 
configured to be disposed substantially below the 
rack-mount support in both the folded state and the 
extended state. 



connector allows the front segment to rotate with respect to 
the front end of the rack-mount Support. 

further comprising an arm-support member connected to the 
articulated arm assembly and configured to prohibit or 
reduce sagging of the articulated arm assembly under the 
weight of one or more cables routed along the articulated 
arm assembly. 

end of the support member is configured to be pivotally 
mounted on a lower Surface of the rack-mount Support. 
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2. An apparatus according to claim 1, wherein the cable 
management device further comprises: 

a rear connector configured for mounting a rear end of the 
rear segment to the stationary mount; and 

a front connector for mounting a front end of the front 5 
segment to the movable mount proximal a front end of 
the rack-mount Support, wherein the front connector is 
configured to move with the rack-mount Support 
between the retracted operational position and the 
extended service position. 

3. An apparatus according to claim 2, wherein the rear 
10 

connector is configured to pivotally connect the rear seg 
ment to the stationary mount. 

4. An apparatus according to claim 2, wherein the front 
15 

5. An apparatus according to claim 2, wherein the front 
connector is configured to be mounted on the movable 
mount, and the movable mount is configured to be located 
on a downward-facing Surface of the rack-mount Support. 2O 

6. An apparatus according to claim 2, wherein at least one 
of the front and rear segments includes a cable guide for 
routing one or more cables from the front side of the 
equipment rack to the front end of the rack-mount Support. 

7. An apparatus according to claim 6, wherein the cable 25 
guide is a passage formed in a respective one of the front and 
rear Segments. 

8. An apparatus according to claim 7, wherein the passage 
is a channel extending along a length of the respective one 
of the front and rear segments. 30 

9. An apparatus according to claim 1, wherein the rear 
segment includes an aperture for routing one or more cables 
from a front cable Zone of the equipment rack, wherein the 
one or more cables are configured to pass through the 
aperture and along the rear segment. 35 

10. An apparatus according to claim 1, wherein the cable 
management device is configured to be positioned within a 
cable management Zone immediately below the rack-mount 
Support. 

11. An apparatus according to claim 1, wherein the cable 40 
management device is configured to be positioned within a 
cable management Zone immediately below the rack-mount 
Support and having a height of approximately 30 mm. 

12. An apparatus according to claim 1, the apparatus 
45 

13. An apparatus according to claim 12, wherein the arm 50 
Support member comprises a Support member having one 
end configured to be connected to the rack-mount Support 
and another end connected to the articulated arm assembly. 

14. An apparatus according to claim 13, wherein the one 
55 

15. An apparatus according to claim 13, wherein the 
another end of the support member is slidably connected to 
articulation joint of the articulated arm assembly. 

16. An apparatus according to claim 1, further compris- 60 
ing: 

the rack-mount Support coupled to the cable management 
device, wherein the rack-mount Support is a rack 
mount enclosure. 

17. An apparatus according to claim 16, further compris- 65 
ing an enclosure slide assembly movably Supporting the 
rack-mount enclosure, wherein the rack mount enclosure is 
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moveable between the retracted operational position within 
the equipment rack and the extended service position 
extending forwardly out from the equipment rack. 

18. An apparatus according to claim 1, further compris 
ing: 

the rack-mount Support coupled to the cable management 
device, wherein the rack-mount Support comprises: 

an outer chassis configured for mounting to the equipment 
rack; 

an inner chassis configured for housing a rack-mount 
equipment module, the inner chassis including a front 
end with one or more cable ports; and 

a chassis slide assembly movably Supporting the inner 
chassis on the outer chassis, wherein the inner chassis 
is moveable between the retracted operational position 
within the equipment rack and the extended service 
position extending forwardly out from the equipment 
rack. 

19. An apparatus according to claim 18, wherein the rear 
segment is pivotally connected to the outer chassis. 

20. An apparatus according to claim 18, wherein the front 
segment is rotatably connected to a front end of the inner 
chassis. 

21. An apparatus according to claim 18, wherein the 
articulated arm assembly is located between a lower surface 
of the inner chassis and the outer chassis when the inner 
chassis is in the retracted operational position. 

22. An apparatus according to claim 18, wherein the front 
end of the inner chassis includes one or more cable ports, 
and the cable management device is for guiding one or more 
cables from the front side of the equipment rack, along the 
rear segment and the front segment, and toward the one or 
more cable ports. 

23. An apparatus according to claim 1, wherein the 
apparatus is configured to be used for front rack cable 
management in one of a 19-inch rack, a 23-inch rack, or an 
Open Compute Project (OCP) rack. 

24. The apparatus of claim 1, wherein in the retracted 
operational position, a rear end of the rack-mount Support 
opposing the front end of the rack-mount Support is config 
ured to be located proximal to a rear side of the equipment 
rack opposing the front side of the equipment rack, wherein 
when the rack-mount Support moves from the retracted 
operational position to the service position, the front end of 
the rack-mount Support is configured to move away from 
both the front and rear sides of the equipment rack, and the 
rear end of the rack-mount Support is configured to move 
away from the rear side of the equipment rack and towards 
the front side of the equipment rack. 

25. An apparatus for front rack cable management for a 
rack-mounted equipment module Supported in an equipment 
rack by a rack-mount Support, the apparatus comprising: 

a cable management means for routing cables from a front 
side of the equipment rack to a front end of the 
rack-mount Support, the cable management means 
including: 
articulation means configured to be connected to a 

stationary mount that is immovable relative to the 
equipment rack and configured to be connected to a 
movable mount that moves with a front end of the 
rack-mount Support; 

wherein the cable management means is configured to 
move between a folded state when the rack-mount 
Support is in a retracted operational position within 
the equipment rack and an extended State when the 
rack-mount Support is in a service position extending 
forwardly out from the equipment rack, wherein 
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when in the retracted operational position, the front 
end of the rack-mount Support is configured to be 
located proximal to the font side of the equipment 
rack, and wherein the cable management device is 
configured to be disposed substantially below the 
rack-mount support in both the folded state and the 
extended state. 

26. An apparatus according to claim 25, wherein the cable 
management means further comprises: 

rear connector means configured for mounting a rear end 
of the rear segment to the stationary mount; and 

front connector means for mounting a front end of the 
front segment to the movable mount proximal a front 
end of the rack-mount Support. 

27. An apparatus according to claim 25, wherein the cable 
management means further comprises cable guide means for 
routing one or more cables from the front side of the 
equipment rack to the front end of the rack-mount Support. 

28. An apparatus according to claim 25, wherein the cable 
management means is configured to be positioned within a 
cable management Zone located immediately below the 
rack-mount Support. 

29. An apparatus according to claim 25, the apparatus 
further comprising an arm-Support means configured to 
prohibit or reduce sagging of the articulation means under 
the weight of one or more cables routed along the articula 
tion means. 
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30. An apparatus according to claim 29, wherein the 

arm-Support means is configured to be operationally 
attached to the rack-mount Support and the articulation 
CaS. 

31. An apparatus according to claim 25, further compris 
ing slide means configured for movably Supporting the 
rack-mount Support, wherein the rack-mount Support is 
configured to be moveable between the retracted operational 
position within the equipment rack and the extended service 
position extending forwardly out from the equipment rack. 

32. An apparatus according to claim 25, further compris 
1ng: 

the rack-mount Support coupled to the cable management 
device, wherein the rack-mount Support comprises: 

outer chassis means configured for mounting to the equip 
ment rack; 

inner chassis means configured for housing a rack-mount 
equipment module; and 

chassis slide means movably supporting the inner chassis 
means on the outer chassis means, wherein the inner 
chassis means is moveable between the retracted opera 
tional position within the equipment rack and the 
extended service position extending forwardly out from 
the equipment rack. 

33. An apparatus according to claim 32, wherein the 
articulation means is located between the inner chassis 
means and the outer chassis means when the inner chassis 
means is in the retracted operational position. 

k k k k k 


