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(57) Abrégée/Abstract:

A breakout assembly includes a housing including a first end and a second end. A retaining member includes a first end configured
to recelive a fiber optic cable and a second end attaching to the first end of the housing and retaining exposed stripped layers of the
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(57) Abrege(suite)/Abstract(continued):
fiber optic cable. A breakout head Is configured to insert into the second end of the housing and Includes holes for receiving

furcation tubes. A nut holds the breakout head Inside of the second end of the housing. Different optical fibers from the fiber optic
cable are Inserted into the furcation tubes and held by the breakout head. An outside surface of the breakout head and an inside
surface of the second end of the housing have round side surfaces extending between flat top and bottom surfaces that prevent

the breakout head from rotating within the housing.
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ABSTRACT

A breakout assembly includes a housing including a first end and a second end. A
retaining member includes a first end configured to receive a fiber optic cable and a second
end attaching to the first end of the housing and retaining exposed stripped layers of the fiber
optic cable. A breakout head is configured to insert into the second end of the housing and
includes holes for receiving furcation tubes. A nut holds the breakout head inside of the
second end of the housing. Different optical fibers from the fiber optic cable are inserted into
the furcation tubes and held by the breakout head. An outside surface of the breakout head
and an 1nside surface of the second end of the housing have round side surfaces extending

between flat top and bottom surfaces that prevent the breakout head from rotating within the

housing.

U.S. Patent Application 15 Attorney Docket No. 1070-1021
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Patent Application
Attorney Docket No. 1070-1021

FIBER OPTIC CABLE BREAKOUT ASSEMBLY
BACKGROUND

Latest generation wireless communications systems, reterred to as distributed antenna

systems (DAS), distributed DC radio systems, remote radio heads (RRH), 4G and long term

evolution (LTE) cellular communication systems, now commonly locate radios next to the

antennas on towers outside of communications shelters. In these next-generation facilities,
the baseband unit (BBU) module that controls the radio traffic 1s still located at the ground
level shelter, but the actual radios are separated from the controllers up to several hundred
feet and controlled via fiber optic links. In order to avoid individual fiber cables ranning up
the tower to each remote radio unit (RRU), a single, large multi-fiber optic cable may be used
to operate individual RRUs. This configuration divides the multi-fiber trunk cable into

individual optical fibers running to the RRUs.

Brief Description of the Drawings
FIG. 1 shows a remote radio head-based wireless communication system.
FIG. 2 shows breakout assemblies used with a multi-fiber cable.
FIG. 3 shows a distribution box retaining one of the breakout assemblies.
FIG. 4 shows a breakout assembly in more detail.
FIGS. 5A and 5B show a retaining member of the breakout assembly 1n more detail.
FIGS. 6A and 6B show a housing attached to the retaining member of FIGS 5A and

3B.

FIGS. 7A and 7B shows a breakout head of the breakout assembly in more detail.

U.S. Patent Application 1 Attorney Docket No. 1070-1021
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FIG. 8 shows an exploded view of a housing, breakout head, and nut of the breakout

assembly.

FIG. 9 shows a side transparent view of an enclosure retaining the breakout assembly.
FIG. 10 shows a perspective exploded view of the enclosure shown i FIG. 9.
Detailed Description

Several preferred examples of the present application will now be described with
reference to the accompanying drawings. Various other examples of the invention are also
possible and practical. This application may be exemplified in many different forms and
should not be construed as being limited to the examples set tforth herein.

Referring to FIG. 1, a building 28 contains a communication station 24 that includes a
baseband unit (BBU) 26. BBU 26 is connected through one or more fiber optic cables 20 to
different remote radio units (RRUSs) 12 located on the top of a tower 18. Radios 12 are
connected to associated antennas 10. Fiber optic cables 20 are alternatively referred to as
multi-fiber cables, trunk cables, or cables 20.

A Direct Current (DC) power plant 22 is connected through DC power cables (not
shown) to different radios 12 on tower 18. In another configuration, radios 12 and associated
antennas 10 are located at different corners on the roof of a building. Fiber optic cable 20
connect to the different radios 12 and run into the building and connect to communication
station 24 located within a room of the building. Of course radios 12 may be located in any
location and connected to fiber optic cable 20 in any variety of different configurations.

A distribution box 16 is attached to the top of tower 18 and is connected to the distal
end of fiber optic cable 20 proximate to radios 12 and antennas 10. Distribution box 16
contains a breakout assembly that separates optical fiber lines in cable 20 for connecting to

radios 12 through fiber jumpers 14.

U.S. Patent Application 2 Attorney Docket No. 1070-1021
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In one embodiment distribution box 16 also may contain surge suppression devices

and receive the power cables connected to power plant 22. Distribution box 16 may connect
different power lines 1n the power cable to the surge suppression devices and connect power
jumpers from the surge suppression devices to radios 12. Example dual power and fiber optic
distribution boxes are described in U.S. Patent Application Ser. No. 13/301,720, filed
November 21st, 2011; and U.S. Patent Application Ser. No. 14/101,231, filed December 9th,
2013 which are both herein incorporated by reference in their entirety.

FIG. 2 shows in more detail fiber optic cable 20. A first breakout assembly 30 is
connected to a first end of fiber optic cable 20 and located within communication station 24
of building 28 shown in FIG. 1. Breakout assembly 30 separates out the optical fibers from
cable 20 and feeds the optical fibers through furcation tubes 32 that terminate at fiber optic

connectors 34. Connectors 34 connect with different communication devices within BBU 26

shown above in FIG. 1.

A second breakout assembly 40 1s connected to a second end of fiber optic cable 20
and 1s located within distribution box 16 attached to the top of tower 18 as shown in FIG. 1.
Breakout assembly 40 separates out optical fibers from trunk cable 20 and feeds the optical
fibers through furcation tubes 42 that terminate at fiber optic connectors 44. Connectors 44

connect with different fiber jumpers 14 that connect to different radios 12 as shown above in

FIG. 1. Breakout assembly 30 and breakout assembly 40 are substantially the same.
Accordingly, only breakout assembly 40 1s described 1n detail below.

FIG. 3 shows breakout assembly 40 located within distribution box 16. The distal end
of fiber optic cable 20 extends up into a bottom end of distribution box 16. Breakout
assembly 40 separates out optical fibers from fiber optic cable 20 into separate furcation
tubes 42. Fiber optic connectors 44 connect to the ends of the optical fibers and snap into

first ends of adapters 46 that seat into a connector tray 48. First ends of fiber jumper cables

U.S. Patent Application 3 Attorney Docket No. 1070-1021
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14 connect into second ends of adaptors 46 in connector tray 48. Second ends of fiber jumper
cables 14 connect to the radios 12 shown above 1n FIG. 1.

FIG. 4 shows breakout assembly 40 in more detail. Breakout assembly 40 separates
pairs of optical fibers 60 from multi-fiber optic cable (trunk cable) 20. In one example,
breakout assembly 40 includes a clear transparent plastic cylindrical housing 54 with
openings at opposite ends. A first end of housing 54 provides an entry point for fiber optic
cable 20 and a second end of housing 54 provides an exit point for the individual pairs of
optical fibers 60 through furcation tubes 42.

Breakout assembly 40 includes a heat shrink cover 50 that extends over a first end of
a cylindrical retaining member 52. First end of housing 54 attaches to a second end of
retaining member 52 and a second end of housing 54 attaches to a nut 58. A breakout head
56 is held into the second end of housing 54 by nut 58. Pairs of optical fibers 60 are inserted
through holes in breakout head 56 and into furcation tubes 42.

FIG. 5A is a perspective view of retaining member 52 and FIG. 3B is a sectional
perspective view of retaining member 52. Referring to FIGS. 5SA and 5B, fiber optic cable 20
is inserted through a tubular front section 61 that extends out a first end of retaining member

52. Front section 61 extends around the outside of fiber optic cable 20 and heat shrink cover

50 firmly fixes front section 61 to cable 20.

A second larger diameter cylindrical opposite end 70 of retaining member 52 includes
a threaded outside surface. A lip 69 extends radially out around end 70 behind the threaded
surface. Fiber optic cable 20 is stripped to a predetermined length exposing a strengthening
member 64, tube 66, and optical fibers 60. In one example, strengthening member 64
comprise glass yarn, aramids, or any other protective sheathing.

An exterior insulation cover 67 of cable 20 is stripped and the end positioned at the

bottom of a chamber 62 formed in end 70. Strengthening member 64 is exposed and spread

U.S. Patent Application 4 Attorney Docket No. 1070-1021
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out against the inside walls of chamber 62. Tube 66 is stripped to extend partially out of
chamber 62 exposing optical fibers 60. An epoxy is inserted into inner chamber 62 holding

and partially encapsulating strengthening member 64, tube 66, optical fibers 60, and the

optical cable.

FIG. 6A is an exploded perspective view of retaining member 52 and housing 54 and
FIG. 6B is an assembled perspective view of retaining member 52 and housing 54. Referring
to FIGS. 6A and 6B, fiber optic cable 20 is stripped exposing optical fibers 60, tube 66 and
strengthening member 64 as described above in FIGS. 5A and 5B. Optical fibers 60 are
inserted into a first end 72 of housing 54 and feed out through a second end 74 of housing 54.

First end 72 of housing 54 includes a threaded inside surface that threadingly engages
with the threaded male outside surface formed on end 70 of retaining member 52. Housing
54 is screwed over end 70 of retaining member 52 as shown in FIG. 6B covering tube 66 and
strengthening member 64. Housing 54 1s screwed into threaded end 70 of retaining member
52 until first end 72 of housing 34 presses against lip 69. Lip 69 and first end 72 of housing
54 have substantially a same outside circumference forming a sealed abutment.

F1G. 7A shows a perspective view of breakout head 56 and FIG. 7B shows a sectional
perspective view of breakout head 56. Referring to FIGS. 7A and 7B, breakout head 56

includes a casing 76 configured to insert into housing 54 as shown below in FIG 8. A divider

78 extends across an inside surface of casing 76. Holes 84 extend through divider 78 and are
configured to retain furcation tubes 42. Casing 76 includes two substantially round outer

walls 92 and two substantially flat walls 94 extending between the two substantially round

walls 92.

A first inner chamber 80 is formed in a first end of casing 76 and a second inner
chamber 82 is formed in a second end of the casing 76. Furcation tubes 42 are inserted into

chamber 80, through holes 84, and out through the bottom of chamber 82. External

U.S. Patent Application 5 Attorney Docket No. 1070-1021
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insulation layers 90 of furcation tubes 42 are stripped to a predetermined length exposing
strengthening members 83 and tubes 6.

In one example, strengthening members 88 are similar to strengthening member 64 in
cable 20 of FIG. 5B and also may comprise a glass yarn, aramids, or some other type of
protective sheathing. An epoxy is inserted into chambers 80 and 82 elastically holding and
encapsulating portions of strengthening members 88 and tubes 6.

FIG. 8 shows an exploded perspective view of breakout head 56 in breakout assembly
40. Second end 74 of housing 54 includes a threaded outside surface configured to
threadingly engage with threads formed on an inside surface of nut 58. Second end 74 also
has flat double D round inner walls 98 and flat inner walls 96 that extend between round
walls 98. Flat mner walls 96 slide over and against corresponding flat outer walls 94 formed
on an outside surface of breakout head 56.

Optical fibers 60 are inserted in pairs though the holes formed in breakout head 56
and through furcation tubes 42. Breakout head 36 is slid into second end 74 of housing 54
with outside walls 92 and 94 aligning with inside walls 98 and 96 of housing 54, respectively.

Nut 58 1s then screwed over the threaded outside surface of second end 74 holding breakout

head 56 inside of housing 54.

Each furcation tube 42 may contain 2 optical fibers 60. Since radio 12 in FIG. 1 1s

connected to duplex connectors, the proposed configuration reduces the footprint of breakout
head 56 and facilitates fiber matching according to international standards. The double D
design of inside walls 96 and 98 in housing 54 and outside walls 94 and 92 on breakout head
56 also prevents microbending and twisting of optical fibers 60 inside of breakout assembly
40. The circular shape of breakout head 56 also enables smooth breakout from fiber optic

cable 20. The transparent plastic tube used for housing 54 enables the visual control of

U.S. Patent Application 6 Attorney Docket No. 1070-1021
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optical fibers 60 during the manufacturing process and after the installation has been

completed.

FIGS. 9 and 10 depict one example of an enclosure 100 retaining breakout assembly

40. FIG. 9 is a side view of one half of enclosure 100 and FIG. 10 shows an exploded

- perspective view of enclosure 100.

Enclosure 100 provides a weather resistant barrier encapsulating breakout assembly
40 and allowing breakout assembly 40 to be located in external locations outside of
distribution box 16 (see FIG. 1). For example, breakout assembly 40 and enclosure 100 may
be located on the top of tower 18 proximate to radios 12. In one example, enclosure 100 is
made out of plastic.

Enclosure 100 includes two sections 105A and 105B that together form a tubular first
end 104 and a tubular second end 106. First ends 104 receive fiber optic cable 20 and second
ends 106 retain a set of tubes 108 that receive furcation tubes 42. Tubular first end 104 wraps
around and against cable 20 and tubular second end 106 includes a channel 124 for retaining
a round base that supports multiple individual tubes 108.

Breakout assembly 40 is placed in an inner chamber 102A formed in section 105A of
housing 100. In one example, a sealing-potting material 112 is inserted in chamber 102A 1n

between the breakout assembly 40 and the inside wall of section 105A. Sealing-potting

material 112 also may be inserted into chamber 102B of section 105B. Second section 105B
of housing 100 is placed against first section 105A covering up breakout assembly 40. The
sealing-potting material 112 spreads throughout chamber 102A/102B encapsulating an entire
outside surface of breakout assembly 40 in between breakout assembly 40 and the inside

surface of housing 100.
Holes 109 are formed on sides of sections 105A and 105B. Attaching section 105B

over section 105A aligns holes 109. Sections 105A and 105B are held firmly held together

U.S. Patent Application 7 Attorney Docket No. 1070-1021
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with bolts 120) that insert through holes 109 and screw into nuts 122. A clamp 124 screws

into holes formed inside of chamber 102B firmly holding cable 20 in section 105B.

Sections 105A and 105B form a substantially round outside circumference that
extends around breakout assembly 40 from a front end of breakout assembly 40 to a back end
of breakout assembly 40. First section 105A and second section 105B form a substantially
cylindrical inner chamber 102A/102B configured to retain sealing-potting material 112 for
encapsulating breakout assembly 40. Enclosure 100 is configured for retaining a form factor
for one individual breakout assembly 40.

Several preferred examples have been described above with reference to the
accompanying drawings and pictures. Various other examples of the invention are also
possible and practical. The system may be exemplified in many different forms and should
not be construed as being limited to the examples set forth above.

The figures listed above illustrate preferred examples of the application and the
operation of such examples. In the figures, the size of the boxes 1s not intended to represent
the size of the various physical components. Where the same element appears in multiple
figures, the same reference numeral 1s used to denote the element in all of the figures where it

appears.

Only those parts of the various units are shown and described which are necessary to
convey an understanding of the examples to those skilled in the art. Those parts and elements
not shown may be conventional and known in the art.

Having described and illustrated the principles of the invention in a preferred
embodiment thereof, it should be apparent that the invention may be moditied in arrangement
and detail without departing from such principles. We claim all modifications and variation

coming within the spirit and scope of the following claims.

U.S. Patent Application 3 Attorney Docket No. 1070-1021
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Claims

What 1s claimed is:

1. A breakout assembly, comprising:

a housing;

a retaining member to attach longitudinally to a first end of the housing and receive a
fiber optic cable; and

a breakout head longitudinally insertable into and through a second end of the housing,
the break out head including:

multiple holes to retain furcation tubes through the second end of the housing and pass
optical fibers from the fiber optic cable through the furcation tubes, and

substantially round outer side surfaces and substantially flat outer top and bottom
surfaces, wherein the second end of the housing includes substantially round inner side surfaces,

and substantially tlat inner top and bottom surfaces configured to slidingly receive the breakout

head.

2. The breakout assembly of claim 1, wherein:
the housing comprises a round tube formed from a unitary piece of material; and

the retaining member is configured to screw into the first end of the round tube.

3. The breakout assembly of claim 1, wherein the retaining member is further configured to:
retain in an inner chamber a first insulation layer of the fiber optic cable that encases the

optical fibers;
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retain in a second strengthening layer of the fiber optic cable wrapped around the first

insulation layer and radially spread out within the inner chamber; and
retain a third outside insulation layer of the fiber optic cable wrapped around the second

strengthening layer that terminates at a bottom end of the inner chamber.

4, The breakout assembly of claim 1, wherein the retaining member includes an inner

chamber filled with an to encapsulate and hold the fiber optic cable within the retaining member.

. The breakout assembly of claim 1, wherein the breakout head includes front and back

inner chambers each filled with epoxy to encapsulate and hold the individual furcation tubes

inside of the holes.

6. The breakout assembly of claim 1, including a nut configured to hold the breakout head

inside the second end of the housing.

7. The breakout assembly of claim 6, wherein the nut includes a threaded inside surface
contigured to threadingly engage with a threaded outside surface formed on the second end of

the housing.

8. The breakout assembly of claim 1, wherein the housing includes a threaded inside surface
on the first end for threadingly engaging with an outside surface formed on the retaining member
and a threaded inside surface on the second end for threadingly engaging with a threaded inside

surface of a nut configured to retain the breakout head within the second end of the housing.

10
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9. The breakout asSembly of claim 1, wherein the housing comprises a substantially
transparent plastic tube.
10.  The breakout assembly of claim 1, further comprising an enclosure including a first

section and a second section forming a substantially round outside circumference that extends

around the breakout assembly from a front end of the breakout assembly to a back end of the

breakout assembly.

11.  The breakout assembly of claim 10, wherein the first and second section form a

substantially cylindrical inner chamber configured to retain the breakout assembly and retain a

sealing-potting material for encapsulating the breakout assembly.

12. A fiber optic breakout head, comprising:

a casing;

a divider that extends across the casing;

holes extending through the divider configured to retain furcation tubes and receive
different optic fibers from a fiber optic cable through the furcation tubes; and

two substantially round outer sidewalls and two substantially flat outer top and bottom

walls extending between the two substantially round sidewalls.

13.  The breakout head of claim 12, further comprising:

a first inner chamber formed in a first end of the casing for receiving the furcation tubes;

and

11
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a second mner chamber formed in a second end of the casing, wherein:

first exposed insulation layers of the furcation tubes configured to extend out through the

second 1inner chamber;
second exposed strengthening layers of the furcation tubes wrapped around the first
insulation layers and spread out inside of the second inner chamber; and

third external insulation layers of the furcation tubes wrapped around the second

strengthening layers and terminate at a bottom end of second inner chamber.

14, The breakout head of claim 13, wherein the first and second inner chamber are each

configured to retain an epoxy for elastically encapsulating individual portions of the furcation

tubes.

15.  The breakout head of claim 12, wherein the round outer sidewalls and two substantially
flat outer top and bottom walls insert inside of corresponding round inner sidewalls and two

substantially tlat inner top and bottom walls inside of a breakout assembly housing.

16. A breakout assembly, comprising:
a housing including a first end and a second end;

a retaining member including a first end to receive a fiber optic cable and a second end

attaching to the first end of the housing and retaining exposed stripped layers of the fiber optic

cable; and
a breakout head confi gured to insert into the second end of the housing, the breakout head

including holes for receiving furcation tubes with different optical fibers from the fiber optic

12
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cable , wherein the breakout head includes front and back inner chambers each filled with epoxy

to encapsulate and hold the individual furcation tubes inside of the holes.

17.  The breakout assembly of claim 16, wherein:

the first end of the housing includes a threaded inside surface for screwing over an

outside threaded surface of the retaining member; and

the second end of the housing includes a threaded outside surface for screwing into an
inside threaded surface of a nut to hold the breakout head inside of the second end of the

housing.

18.  The breakout assembly of claim 16, wherein:
the housing, retaining member, and breakout head all have elongated substantially tubular
shapes and the retaining member attaches longitudinally to the first end of the housing and the

breakout head inserts longitudinally through the second end of the housing.

19.  The breakout assembly of claim 16, including an inner chamber located in the second end

of the retaining member containing an epoxy for encapsulating and holding the layers of the fiber

optic cable.

20.  The breakout assembly of claim 16, wherein the housing comprises a substantially clear

plastic tube.

13
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21.  The breakout assembly of claim 1, further comprising an enclosure including a first
plastic section and a second plastic section forming a substantially round rigid outside

circumference that extends around the breakout assembly from a front end of the breakout

assembly to a back end of the breakout assembly.

22.  The breakout assembly of claim 21, wherein the first and second section of the enclosure
form a substantially cylindrical inner chamber configured to retain the breakout assembly and

retain a sealing-potting material for encapsulating the breakout assembly.

14
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