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(57) Abstract: The present disclosure relates to a movable rack. For
example, the movable rack includes an umbilical connection to de-
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liver a fluid, an electrical current, or a network connection to the
movable rack. The present disclosure further relates to the movable
rack to include a translating frame to move the umbilical connection
to correspond with a movement of the movable rack.
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MOVABLE RACK

BACKGROUND

[0001] Server racks are designed to hold a variety of technologies including

processors, storage, power supplies, networking equipment, input/output ports, and
other related technologies. Some of these technologies generate heat that can cause
overheating if not properly cooled. Server racks can be designed in a number of
ways that increases the possible density of the rack. The rack may also be

configured to allow servicing of components by a user or technician.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Certain examples are described in the following detailed description and in

reference to the drawings, in which:

[0003] FIG. 1is a diagram of a movable rack system, according to an example;
[0004] FIG. 2is a diagram of a plurality of movable rack systems in a data center,
according to an example;

[0005] FIG. 3is a top view of several rows of movable rack systems, according to
an example;

[0006] FIG. 4 is a top view of several rows of movable rack systems with multiple
access spaces, according to an example;

[0007] FIG. 5is a diagram of movable rack system with dual serving umbilical
connections, according to an example; and

[0008] FIG. 6is a diagram of a movable rack system with pass through umbilical

connections, according to an example.

DETAILED DESCRIPTION OF SPECIFIC EXAMPLES

[0009] A rack, database rack, or server rack may each have multiple functions
that go beyond a simple structure for holding components. A rack may be designed
not only to hold servers, but also storage technology, additional processors, or any
other similar technology. Each electronic component stored in the rack can be a
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separate server, blade, cartridge, networking card, input/output port, power supply,
or any other number of electronics. The design of these racks can vary based on
their purpose and usage. However, most racks use at least some form of cooling.
The cooling can take a variety of forms including cooling via air or a liquid.

[0010] Data center designs and layouts may support air cooled racks using
vented tiles and cold or hot aisle containment. As most data centers are rarely
accessed by workers for maintenance or other reason, these cold and hot aisles can
comprise ~50 % of the floor space resulting in very inefficient use of real estate.
[0011] Inthe present disclosure, liquid cooled servers, or other non-aisle cooled
servers are closed loop and do not make use of vented tiles and similarly do not use
hot aisle containment space. Accordingly, the aisle spaces for cooling represent
large unnecessary amounts of space that may be used for additional data
components or racks. Further, access for installation, maintenance, and other
issues may be improved with the ability to create space between rows of racks. The
use of movable racks and movable liquid cooled racks are discussed in the present
application as a way to take advantage of previously unused space while still
allowing movement for access by a technician. These movable racks may be
supported by umbilical connections which deliver power, fluid for cooling, network
connectivity, and other utilities to the racks for use by the components housed
therein. To alleviate strain on the umbilical connections and to allow greater
efficiency and range of motion, the umbilical connections may be connected to a
translating frame which moves to correspond to movement of the movable rack or
racks the translating frame is serving.

[0012] FIG. 1 is a diagram of a movable rack system 100, according to an
example. The movable rack 102 may be placed on movable rack rail 104. In an
example, the moveable rack 102 may contain data components that give off heat
such as processors, data storage components, networking cards, or other electronic
components. In an example, the movable rack 102 may be a movable liquid cooled
rack in which electronic components can be cooled by a liquid that is cycled within
the rack or is pumped in and out from an umbilical connection 106. The movable
rack may also be cooled by air or any other fluid coolant pumped through the
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umbilical connection 106. The connection location of the umbilical connection 106
may be from above, below, or any available side. As noted herein, the umbilical
connection may provide fluid for cooling the components of the movable rack 102.
Further, the umbilical connection 106 may provide electrical current to power the
components in the rack or any other component of the rack that uses electrical
power to function. The umbilical connection 106 may also provide network
connectivity to the movable rack 102 and its components. The umbilical connection
106 may supply any number of other inputs and outputs to and from the movable
rack 102. The umbilical connection 106, may be a single connection for each input
and output or may have a number of connections providing each input and output, or
any number of other combinations. The umbilical connection 106 may include
flexible hosing, wiring, or other connections that supply the movable rack 102 with its
inputs and outputs such as fluid for cooling, electrical current, and network
connectivity.

[0013] The umbilical connection 106 may be supported by a translating frame 108
which moves with the movement of the movable rack 102 moving along the movable
rack rail 104. The translating frame 108 may be guided by a frame track 110. In an
example the frame track is connected to the ceiling or wall and is parallel to the
movable rack rail 104 and accordingly allows the translating frame to move the
umbilical connection 106 as the movable rack 102 moves. The frame track 110 may
also include an umbilical supply 112 which may provide a fluid, an electrical current,
or a network connection, among others, to each umbilical connection 106 regardless
of the position of the umbilical connection 106 and translating frame along the frame
track 110.

[0014] The movable rack rail 104 may guide the linear movement of the movable
rack 102. In an example, the movable rack 102 may move beyond the range of
motion of the umbilical connection 106, in which case the translating frame 108
would move to allow a greater range of motion by the movable rack 102 while still
maintaining the umbilical connection 106. A translating frame connector 114 may be
used to connect the translating frame directly to the movable rack 102. Accordingly,
when the movable rack 102 moves, the translating frame connector 114 may bear
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the force of this movement rather than the umbilical connection 106, which may be
fragile.

[0015] In an example, the movable rack 102 may move along the movable rack
rail 104 on wheels 116. However it should be noted that any moving assembly that
can support a stationary movable rack 102 and also allow movement may be used.
To aid in moving the movable rack 102, a mover tool 118 may be used. The mover
tool118 may be a simple handle, crank assembly or any other mechanism that aids
the movement of the movable rack 102, for example, by engaging the wheels 116.
In an example, the mover tool 118 may move more than a single movable rack 102
along the movable rack rail 104, but may also move an entire row of movable racks
102.

[0016] FIG. 2 is a diagram of a number of movable rack systems 200 in a data
center, according to an example. Like numbered items are as described with
respect to Fig. 1. The plurality of movable rack systems 200 are shown in a data
center 202. The data center 202 is shown here for exemplary reasons only and
does not limit the location of the movable racks 102. The data center 202 may not
be a purpose built room, but may be any space capable of holding and supporting a
movable rack 102. Further, the data center 202 may have limited space and
movable racks 102 may be used to increase density of data components in that
limited space.

[0017] A movable rack 102 may belong to a row of movable racks 204. This row
of movable racks 204 may be moved manually, automatically, and may also be
aided by a mover tool 118. In an example, such as when each movable rack 102 is
a liquid cooled rack, the row of movable racks 204 may be directly adjacent to a
second row of movable racks 204 as no heating or cooling row is used to allow
airflow between each movable rack or row of movable racks. Rather than cooling
through airflow from aisles, the cooling may be either entirely contained within each
movable rack 102, or due to the cooling fluid provided by the umbilical connection
106. An access space 206 may also be provided between rows of movable racks
204. For example, the access space 206 may provide sufficient space for a
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technician or other user to access a movable rack 102 within the row of movable
racks 204.

[0018] The space to make an access space practical may vary based on the
exterior of each movable rack 102 which may have panels that open to allow access
to the internal components of the movable rack 102. In an example a tambour door
208 may be used to minimize the access space 206 for accessing a movable rack
102. In other examples a swinging door exterior 210 may be used, however the
exterior of the movable rack 102 may make use of any suitable technology to allow
access to the internal components of a movable rack 102.

[0019] Asseenin FIG. 2, there may be several umbilical connections 106 to each
movable rack 102 or in some cases there may be no umbilical connection 106
present depending on the other means the movable rack 102 may be obtaining its
power, network connectivity, or cooling resources, for example, an entire moving row
may be fed from a single set of umbilical connections 106. Further, in Fig. 2 a single
translating frame 108 is shown supporting the umbilical connections 106 for each
row of movable racks 204. The sharing of a translating frame 108 by the umbilical
connections 106 allows greater efficiency in the number of translating frames as well
as greater organization for the number of umbilical connections 106 to each row of
movable racks 204.

[0020] FIG. 3is a top view of several rows of movable rack systems 300,
according to an example. The vertical space 302 and the horizontal space 304 are
included to show possible spacing from the walls of a data center 202. The
movement space may be the space a movable rack may move within a data center
202. In an example, the movable rack rail 104 may only be large enough for the
number of movable racks 102 in the data center 202 plus a number aisles of access
space 206 less than the number of rows of movable racks 204 in the data center.
[0021] The top view shown in FIG. 3 includes a top view of an aisle of access
space 206 and many rows of movable racks 204. In an example, each row of
movable racks 204 may be placed contacting each other or directly adjacent to each
other. This may lead to a substantial increase in the capacity of data centers
compared to data centers where cooling space is present between each row of
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movable racks 204. At least one aisles worth of access space 206 may be included
to allow for access to rows of movable racks 204. Further, each row of moveable
racks 204 may be moved into the location of the aisle of access space 206 in order
to create a new aisle of access space 206 behind it. In this manner additional rows
of racks 206 may be accessed while still preserving the increased density allowed by
directly adjacent rows of movable racks 204.

[0022] FIG. 4 is a top view 400 of several rows of movable rack systems with
multiple access spaces, according to an example. Like numbered items are as
described with respect to Fig. 2 and 3. In this top view, multiple aisles of access
space 206 are included. In an example, including the example shown in FIG. 3,
having only one aisle access space may be unwieldy. In an example, having only
one access space aisle and a large number of rows of movable racks 204 may make
a user or technician move every single row of movable racks 204 simply to access a
movable rack 102 far away from the current aisle of access space 206. Accordingly,
an example include a plurality of aisles of access space 206 that may be present in a
data center in varying intervals throughout the adjacent rows of movable racks 204.
[0023] In an example however, nearly every row of movable rack 204 may be in
contact with another movable rack 204. Accordingly, aisles for access space 206
may be combined on one side of the data center 202, when not in use. This
configuration may displace some of the rows of movable racks 204 by the total
distance of each aisle of access space 206 combined. This distance may be greater
than a flexible umbilical connection 106 by itself may reach. Accordingly, the
translating frame 108 may assist in moving the umbilical connection 106 without
strain to accommodate the increased distance traveled by the row of movable racks
204.

[0024] FIG. 5is a diagram of movable rack system with dual serving umbilical
connections, according to an example. Like numbered items are as described with
respect to FIG. 1 and FIG. 2. This additional perspective, shows in part, several
different rows of movable racks 204 being supplied by dual-serving umbilical
connections. The use of a dual serving translating frame 502 may reduce the
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number of translating frames 108 that are present to support umbilical connections
for a data center 202.

[0025] FIG. 6 is a diagram of a movable rack system with pass through umbilical
connections 600, according to an example. Like numbered items are as described
with respect to FIG. 1 and FIG. 2. Each movable rack 102 may include data
components 602 that generate heat and may use cooling. Each movable rack 102
may be connected to another movable rack 102 in the row of movable racks 204. A
resource sharing system 604 may allow the sharing of resources provided by an
umbilical connection 106 between each movable rack 102. The resource sharing
system 604 could include fluid for cooling heated components, electrical current,
networking connectivity, or any other similar resource used by a movable rack 102.

In an example, the interconnectivity between each movable rack 102 in a row of
movable racks 204 may reduce the number of umbilical connections 206 that a row of
movable racks 204 may be connected to.

[0026] Additionally, although FIG. 6 shows a resource sharing system 604 internal
to the row of movable racks 204, it may be external to the row of movable racks 204,
for example, resting on the movable racks 204, or in any other suitable configuration.
Similarly, the translating frame 208, the umbilical connection 106 and the frame track,
although pictured here above the movable rack 102, may also be positioned to
coincide or even be below the movable rack rail 104, or may also be in any other
suitable position.

[0027] While the present techniques may be susceptible to various modifications
and alternative forms, the exemplary examples discussed above have been shown
only by way of example. It is to be understood that the technique is not intended to
be limited to the particular examples disclosed herein. Indeed, the present
techniques include all alternatives, modifications, and equivalents falling within the
true spirit and scope of the appended claims.
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[0028] EXAMPLES

[0029] EXAMPLE 1

[0030] In an example, an apparatus for a movable rack may include an umbilical
connection to deliver a fluid, an electrical current, a network connection, or any
combinations thereof, to the movable rack. In an example, the apparatus for the
movable rack also may include a translating frame to move the umbilical connection
to correspond with a movement of the movable rack. In an example, a frame track
mounted parallel to the moveable rack’s direction of movement may also be included.
In an example, the apparatus may also include an umbilical supply mounted on the
frame track to supply the umbilical connection with the fluid, the electrical current, the
network connection, or any of the combinations thereof, regardless of a position of
the umbilical connection along the frame track. In some examples, the translating
frame may be movably mounted on the frame track to aid the movement of the
umbilical connection corresponding to the movement of the movable rack. In some
examples, the apparatus includes a translating frame connector to connect the
translating frame to the movable rack, bear a force generated by moving the movable
rack, and move in response to the force generated by moving the movable rack. In
some examples, the umbilical connection may be flexibly connected to the movable
rack and the translating frame and the umbilical connection are located outside and
above the movable rack. In an example of the apparatus the umbilical connection
and translating frame correspond to a row of movable racks. Further, at least one
translating frame may support a plurality of umbilical connections corresponding to a
plurality of rows of racks. The translating frame and the umbilical connection
apparatus may further be incorporated into a movable rack rail, the movable rack rail
to guide a movement of the movable rack.

[0031] EXAMPLE 2

[0032] In an example, a movable rack system includes a movable rack, a movable
rack rail to guide a movement of the movable rack and act as a floor for the movable
rack to rest on when stationary, an umbilical connection to deliver a fluid, an electrical

current, or network connection, or any combinations thereof, to the movable rack, and
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a translating frame to move the umbilical connection to correspond with the
movement of the movable rack. In an example, the system may include a first
position with an access space that may be adjacent to a first end of the movable rack
and a second position wherein the movable rack may be located in a former location
of the access space. The system of claim may include the movable rack as liquid
cooled from liquid delivered by the umbilical connection. The system may include a
movement space for the movable rack rail to be sized by adding a size of a number of
movable racks in a data center to a desired access space for accessing a
predetermined number of movable racks at the same time. In an example, the
movable rack of the system may include a mover tool to move the movable rack
along the movable rack rail and a tambour door of the movable rack to open and
close for access to the inside of the movable rack.

[0033] EXAMPLE 3

[0034] In an example, a movable rack system includes a first movable rack, a
second movable rack, a movable rack rail, wherein the movable rack rail may be to
guide a movement of both the first and second movable racks. The movable rack
system may also include an umbilical connection to deliver a fluid, an electrical
current, a network connection, or any combinations thereof to the first movable rack.
In an example, the movable rack system may also include a translating frame to
move the umbilical connection to correspond with a movement of the first movable
rack. In an example, the movable rack system includes a first position with an access
space between the first movable rack and the second movable rack, and a second
position wherein the first movable rack may be located in a former location of the
access space. In an example, the movable rack system may be such that a second
umbilical connection delivers a fluid, an electrical current, a network connection, or
any combinations thereof, to the second movable rack. In an example of the movable
rack system, the translating frame moves the second umbilical connection to
correspond with both the movement of the first movable rack and the movement of
the second movable rack.
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CLAIMS

What is claimed is:

1.

An apparatus for a movable rack comprising:

an umbilical connection to deliver a fluid, an electrical current, a
network connection, or any combinations thereof, to the
movable rack; and

a translating frame to move the umbilical connection to correspond with

a movement of the movable rack.

The apparatus of claim 1, further comprising:

a frame track mounted parallel to the moveable rack’s direction of
movement;

an umbilical supply mounted on the frame track to supply the umbilical
connection with the fluid, the electrical current, the network
connection, or any of the combinations thereof, regardless of a
position of the umbilical connection along the frame track; and

wherein the translating frame is movably mounted on the frame track to
aid the movement of the umbilical connection corresponding to

the movement of the movable rack.

The apparatus of claim 1, comprising a translating frame connector to:
connect the translating frame to the movable rack;

bear a force generated by moving the movable rack; and

move in response to the force generated by moving the movable rack.

The apparatus of claim 1, wherein:

the umbilical connection is flexibly connected to the movable rack; and

the translating frame and the umbilical connection are located outside
and above the movable rack.
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5. The apparatus of claim 1, wherein the umbilical connection and

translating frame correspond to a row of movable racks.

6. The apparatus of claim 1, wherein at least one translating frame
supports a plurality of umbilical connections corresponding to a plurality of rows of
racks.

7. The apparatus of claim 1, wherein the translating frame and the
umbilical connection are incorporated into a movable rack rail, the movable rack rail

to guide a movement of the movable rack.

8. A movable rack system comprising:

a movable rack;

a movable rack rail to:
guide a movement of the movable rack; and
act as a floor for the movable rack to rest on when stationary;

an umbilical connection to deliver a fluid, an electrical current, or
network connection, or any combinations thereof, to the
movable rack; and

a translating frame to move the umbilical connection to correspond with
the movement of the movable rack.

9. The system of claim 8, comprising:
a first position with an access space that is adjacent to a first end of the
movable rack; and
a second position wherein the movable rack is located in a former
location of the access space.

10.  The system of claim 8, wherein the movable rack is liquid cooled from
liquid delivered by the umbilical connection.
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The system of claim 9, wherein a movement space for the movable

rack rail is sized by adding a size of a number of movable racks in a data center to a

desired access space for accessing a predetermined number of movable racks at

the same time.

12.

13.

14.

The system of claim 8, wherein the movable rack comprises:

a mover tool to move the movable rack along the movable rack rail;
and

a tambour door of the movable rack to open and close for access to the
inside of the movable rack.

A movable rack system comprising:

a first movable rack;

a second movable rack;

a movable rack rail, wherein the movable rack rail is to guide a
movement of both the first and second movable racks;

an umbilical connection to deliver a fluid, an electrical current, a
network connection, or any combinations thereof to the first
movable rack; and

a translating frame to move the umbilical connection to correspond with

a movement of the first movable rack.

The movable rack system of claim 13, comprising:

a first position with an access space between the first movable rack
and the second movable rack; and

a second position wherein the first movable rack is located in a former
location of the access space.
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15.  The movable rack system of claim 13, wherein:

a second umbilical connection delivers a fluid, an electrical current, a
network connection, or any combinations thereof, to the second
movable rack; and

the translating frame moves the second umbilical connection to
correspond with both the movement of the first movable rack
and the movement of the second movable rack.



WO 2016/122538 PCT/US2015/013556

¢

1/6

FIG. 1



PCT/US2015/013556

WO 2016/122538

2/6

202

R/ S\
\r.oimm.no S\\\/'b

A
,l

200

FIG. 2



WO 2016/122538 PCT/US2015/013356
4
3/6
206
304 [ 302 ,i
304
I 1 I I I I I O N I A I O O
2047_
204
300

FIG. 3



WO 2016/122538

PCT/US2015/013556

4
4/6
7206 204~ 204
BOiI‘{'I Frrrrrrrrirrrrrinririuii
304
I T I |
2047_ 302_/I L\J
206j

204

400

FIG. 4



¢

WO 2016/122538

5/6

PCT/US2015/013556

106

102 ~

££;8

106
- 102
) 118;
H // I;
y y
104

500

FIG. 5



¢

WO 2016/122538

PCT/US2015/013556

208 —~

6/6
108 \
\<I 06 / 102
/4
: J
ol 604
602 602 602 602

/1SS o

600

FIG. 6



International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/013556

A. CLASSIFICATION OF SUBJECT MATTER
HOSK 7/20(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO5K 7/20;, A47B 53/02; HO5K 7/18; B23P 17/00; F25D 3/08; HO1L 23/467, B65G 1/10

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: movable rack, umbilical connection, translating frame, rack rail

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2012-0119632 A1 (SEBASTIEN BOUSSETON et al.) 17 May 2012 1-15
See abstract, paragraphs [0034]-[0039], [0048], claim 10, and figures 2-7.
Y JP 2002-274621 A (NIPPON YUSOKI CO., LTD.) 25 September 2002 1-15
See paragraphs [0019]-[0036], claim 1, and figures 1-4.
A US 2008-0060372 A1 (W. DANIEL HILLIS et al.) 13 March 2008 1-15
See paragraphs [0041]-[0053], [0063]-[0070], claim 1, and figures 1-4, 7-9.
A US 2012-0155027 A1 (JOHN P. BROOME et al.) 21 June 2012 1-15
See paragraphs [0023]-[0067], [0078]-[0086], claim 1, and figures 4-9, 13-16.
A US 2014-0319985 A1 (FUJITSU LIMITED) 30 October 2014 1-15

See paragraphs [0027]-[0106], claim 1, and figures 1-3, 7, 10A-11.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
28 October 2015 (28.10.2015)

Date of mailing of the international search report

29 October 2015 (29.10.2015)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

KIM, Sung Gon

Telephone No. +82-42-481-8746

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2015/013556
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0119632 Al 17/05/2012 WO 2011-012349 Al 03/02/2011
JP 2002-274621 A 25/09/2002 JP 3766599 B2 12/04/2006
US 2008-0060372 Al 13/03/2008 EP 2074337 A2 01/07/2009
US 2008-0060790 Al 13/03/2008
US 2008-0062647 Al 13/03/2008
US 2008-0064317 Al 13/03/2008
US 2008-0123288 Al 29/05/2008
US 2009-0198388 Al 06/08/2009
US 7511960 B2 31/03/2009
US 7551971 B2 23/06/2009
US 7854652 B2 21/12/2010
US 7856838 B2 28/12/2010
US 7894945 B2 22/02/2011
US 8047904 B2 01/11/2011
WO 2008-033921 A2 20/03/2008
WO 2008-033921 A3 24/07/2008
US 2012-0155027 Al 21/06/2012 US 2015-145391 Al 28/05/2015
US 8947879 B2 03/02/2015
WO 2012-083166 A2 21/06/2012
WO 2012-083166 A3 13/06/2013
US 2014-0319985 Al 30/10/2014 JP 2014-215918 A 17/11/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

