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1l: Field of the Invention ' The present invention
generally relates to an enclosure that provides physi cal

protection and storage for cables such as those used in tel F&?Wtions,'
and nore parwpém?:fy to an above-ground cl osure for optica I bers,

splices and conn r erefor. the closure having hinged,
fiber optic storage trays anWb@ﬁL& CLOSURE oFQR- EIBRE 9PWIGBes guiding fibers

fromone tray to another. 2. Description of the
Prior Art It is frequently necessary to join the
ends of two cables, such as,a . used in tel econmuni cations, to
| engt hen the cabl e SwbeimiipRetresemitliaddi ti onal cabl es, or
repai r damaged cakles. It is WIosures to protect the
joints, 15 whether aerial, direct buried, above-ground or bel ow

ground (plant or hand hol ). Tihe preseatinvention generafly relates to an enclosure that provides
physical protection and storage for cables such as those used in telecommunications,
and more particularly to an above-ground closure for optical fibers, splices and
connectors therefor, the closure having hinged, fiber optic storage trays and fiber
10  breakout tubes guiding fibers from one tray to another.

2. Description of the Prior Art -

It is frequently necessary to join the ends of two cables, such as are
used in telecommunications, to lengthen the cable system, branch off additional cables,
or repair damaged cables. It is common to use enclosures to protect the joints,

15 whether aerial, direct buried, above-ground or below ground (plant or hand hole). The
| enclosures are generally one of two types, in-line or butt-splice. In the butt splicing of
fiber optic cables, several enclosure designs employ a dome shape, i.e., a closure body
that is generally elongate, and has a closed end and an open end. Several such designs
_ are depicted in U.S. Patent Nos. 4,927,227, 5,222,183, 5,249,253 and 5,278,933, and
20 in PCT Application No. GB93/00157.

These closures use various clamps, bolts, ties, etc., to secure the cable
near the open end of the closure. See U.S. Patent Nos. 5,097,529, 5,280,556 and
5,288,946, and PCT Application Nos. US93/05742, GB93/01120 and GB93/01942.
These elements provide strain relief against cable stresses caused by external cable

25 movement relative to the closure. A cable that is pulled or pushed axially, twisted, or
bent must not transmit that motion to the cable sheath opening inside of the closure.
The prior art designs are less suited for fiber optic cables, however, since they include
metallic components have sharp edges which can damage exposed fibers and their
coatings. These designs also require many parts, increasing the cost of the closure,
30 and sometimes require special tools for installation. The use of so many

interconnecting parts additionally increases installation time.



encl osures are generally one oftwo types, in-line or butt-splice. In the
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German Patent No. 4,231,181, These designs are inadequate to rejoin the integrity of
the cable jacket for both flber optic and copper cables since, for example, they cannot

10 adequately handle the strength members found in fiber optic cables, such as wires or
aramid fibers. Indeed, it would be very useful to have a connector that atlowed for
easier conversion from copper shield bond to fiber shield bond.

In several of the foregoing designs, fiber optic storage trays, such as
splice trays, are supported by or attached to the strain relief member or closure body.

15 The storage trays usually include guide walls to maintain the fibers with a minimum
bend radius. In the aforementioned ‘227, ‘183, and '253 patents, and in U.S. Patent
Nos. 5,323,480 and 5,363,466, several splice trays, stacked during storage, are hinged
to a common base, in a stair-step fashion. U.S. Patent No. 5,071,220 and PCT
Application No. US94/04232 show in-line closures having trays hinged to a common

20 base in this manner. In U.S. Patent No. 5,323,478, the trays are stacked by means of
hinging strips. These hinging arrangements still allow the fibers traveling between
adjacent splice trays to become kinked when the tray is lifted, in;iucing microbend
losses in the ﬁber. They also do not make the best use of space due to the stair-step
geometry.

25 Fibers that are routed between trays are often protected in spiral wrap
tubing or cylindrical tubing to keep the fibers from being physically damaged and to
resist bending of the fiber to less than its minimum bend. radius. Cylindrical tubing and
spiral wrap both take a fair amount of time to install since, for cylindrical tubing, the
fibers must be threaded through the tubing and, for spiral wrap, the wrap must be hand

30 coiled about the fibers, which can be very difficult if a long length of fiber is present.
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additionally secure the cable jacket, and to provide el ectrical continuity
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splice inserts can also lead to weakening of the retention members. In light of all of
these problems, and particularly those associated with closures for fiber optic cables, it
would be desirable and advantageous to devise a fiber optic closure havmg appropriate

1S components to overcome the foregoing limitations.

Summary of the Invention
The present invention provides a fiber optic dome closure generally

comprising an eiongate body having a closed end and an open end, a tubular base

20 releasably secured to the open end of the body, a strain relief member attached to the
base, having cable ports therein, and several fiber optic storage trays supported in the
body, including a transition tray which receives excess fiber slack, ;nd at least two
splice trays hingedly attached at a common end to either the transition tray or another
splice tray, the transition and splice trays being generally flat and lying stacked in a

25  storage position. The splice trays can be inclined without Kinking the fibers routed

. around that end, and the hinges have features formed integrally therewith which

releasably secure the tray in the inclined, access position. A split tube for routing fiber
from the transition tray to either of the splice trays, or between the splice trays, has a
releasable seal along a longitudinal seam to aliow the fibers to the secured therein

30  quickly, without threading. The transition tray and splice trays are preferably formed

of an injection-moldable thermoplastic polymer, with the hinging structures integrally
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drawings, wherein:

Figure 1 is a perspective view of one embodiment of the fiber dome
closure of the present invention, with two cables entering the closure;
Figure 2 is a exploded view of the closure of Figure 1;
10 Figure 3 is a perspective view of one embodiment of the strain relief
member used with the closure of Figures 1 and 2;
Figure 4 is an exploded perspective view of a shield bond strain
connector of the present invention;
Figure 5 is a perspective view of the shield bond strain connector of
15 Figure 4 installed on a cable; o
Figure 6 is a perspective view of the closure of Figures 1 and 2
illustrating the transition tray;
Figure 7 is a perspective view of the end of a piece of the split fiber
routing tube used in the present invention;
20 Figure 8 is a perspective view of the closure of Figures 1 and 2 showing
two splice trays attached to the transition tray of Figure 6;
Figure 9 is a perspective view similar to figure 8 but illustrating one
splice tray held in an intermediate access position;
Figures 10A-10C are perspective views of alternative splice inserts used

25 in accordance with the present invention.

Description of the Preferred Embodiment

With reference now to the figures, and in particular with reference to
Figures 1 and 2, there is depicted one embodiment 10 of the closure of the present
30 invention. While this closure is particularly suited for use with fiber optic cables, many

of the features described and claimed herein may be used with little or no modification



Several of the splice trays shown in the aforenmentioned patents use
splice cradles which retain a plurality of.splice-glenents—See-alse—U-&

Patent Nos. 5 4,793,681, 4,840,449 and 4, 854,661. The retention
features can be nolded directly into the tray surface, as disclosed
in U S. Pategpobeered. 074, 635. Splice inserts -can be PCUTSNSH252¢

attached to the trays, having retention features in the formof flexible
cantilever latches for a snap fit; see U S. Patent Nos. 4,489, 830,
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fibers routed copper wire, except for strain relief member 18. In the drawings, two cables 22 and 24
are shown entering closure 10, but the number of cables can vary. In the disclosed
embodiment, strain relief member 18 has six cable ports designed to receive cables of
1S  varying diameters, and more than one cable may be placed in a single poi-t if they are
small diameter. '
Dome body 12, base 14 and strain relief member 18 may be formed of
any durable material, preferably a thermoplastic (injection-moldable) polymer such as
polypropylene. The illustrated construction is an abové-ground closure for butt
20 splicing. PST 20 is preferably formed of an elastomer, such as EPDM, and is pre-
loaded on a collapsibie core, with either or both of its ends everted outwardly, i.e.,
wrapped backward on itself. After the cables are secured to strain relief member 18,
and base 14 is positioned properly against member 18, PST 20 is placed about these
two components and its core released, causing it to collapse about base 14 and strain
25 relief member 18, and forming a tight, water-resistant seal along their interface. Ribs
are provided along the outer surface of base 14 to engage PST 20. A ge! end seal such
as that shown in U.S. Patent No. 5,258,578 may also be used. Access to the interior
of closure 10 is thereafter provided by removing dome body 12 from base 14 using
latch 16. Latch 16, which is preferably stainless steel, is pivotally attached to base 14
30 at two pins 26 formed with the base. Hairpin-shaped portions of latch 16 catch on

corresponding pins 28 formed on body 12. The location of the hairpin-shaped portions



around that end, and the hinges have features forned integrally therewith

whi ch rel easably secure the tray in the inclined,—access position
A split tube for routing fiber fromthe transition tray to either
of the splice trays, or between the splice trays, has a rel easabl e

seal along a longitudinal seamto allow the fibers to the secured therein
.30 quickly, without threading. The transition tray and spli s are
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Brief Description gis SidTofm a tight sealTherewith, the seal being furtHd?Smprovedby S0
" .l | best be under a-r(i)n%dm%lhiéheii glragertlicnia} t(l)\e wpeof%%sceolr?i?l rz Ialrulrgular groove 32 formed on
the outer surface thereof. The diameter of O-ring 30 is matched to the width of
s pgroove 32 to provide an improved seal.

With further reference to Figure 3, the strain relief member 18 of the
present invention uses a novel design which provides strain relief for the cable(s)
entering closure 10, and allows quick and simple installation. Strain relief member 18
includes a plate 34 having several cutouts, roughly U-shaped, forming cable ports 36,

10 and allowing the cables to be placed in strain relief member 18 sideways, that is,
without having to thread the cable through an opening. The plate has several outer
surfaces 38, between adjacent ports 36, which coincide with the shape of the inner
surface of base 14 such that strain relief member 18 may be placed partially inside base
14 and have a tight fit between the inner surface thereof and surfaces 38. A series of

15 flanges or fingers 40 formed along surfaces 38 snap around the bottom eﬂge of base 14
for a solid connection. Plate 34 also has a mounting fixture 42 for receiving the tray,
back plate, terminal block, etc., which supports and stores the individual fibers (or
wires) and associated interconnection devices. In the illustrated embodiment,
mounting fixture 42 extends generally perpendicular to plate 34 and has a slot therein

20 for receiving a tang or tab on the tray. The slot may be bent, or additional slots
provided, for a more robust attachment.

A portion of the inner surface of the ports is provided with several rows
of bumps or teeth 44 which bite into the cable jacket or fitting material to more
securely grasp the cable. Near these teeth, along the inner surface of ports 36, there

25 are two entry slots or openings 46 which receive cable ties 48 (see Figures 2 and 6) for
further securing the cable, and two exit slots 50 for the ties. Respective pairs of slots
46 and S0 are joined by sélf-guiding channels formed inside the walls of ports 36.

More slots can be provided for additional cable ties, or only one, but two is deemed
optimal. This construction allows for the quick installation of most cables onto strain

30 relief member 18 in three simple steps. First, cables ties 48 are threaded into openings

46 and pushed until a sufficient length extends from exits 50. Secondly, the cable is



dr awi ngs, wherei n: | Figure 1 is a perspective view

of one enbodi nent of the fiber dope cLosure of the—present
i nvention, with two cables entering the cl osure;
Figure 2 is a exploded view of the closure of Figure 1; 10

Figure 3 is yopgseieective view of one enbodi ment of the strepCTAUSI60S24
menber used with the closure of Figures 1 and 2;

Figure 4 is an expl oded perspective view of a shield bond strain

connector of the present invention; 7- Figure 5is
a perspective view of the shield bond strain connector of 15 Figure
4 installed on aprepated; if necessary, for strain reliefby wrapping the Rteg te be damnped:with a
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example, attached directly to the support member which is mounted on fixture 42,
using conventional clamping devices, including those which provide electrical

10 continuity across grounding sheaths. If the cable is additionally provided with strength
members (such as thick metallic wires or high-strength aramid fibers), then the
modified shield bond strain connector 52 shown in Figures 4 and 5 may be used to
secure these members. Connector 52 utilizes two conventional clamping elements 54
and 56 which secure the cable jacket 58. Inner clamping element 56 has a pin or bolt

15 60 which passes through a hole 62 in outer clamping element 54. Both el.ements 54
and 56 have a plurality of tangs or teeth 64 formed thereon for gﬁpping jacket 58. A
series of tabs or prongs, including a central prong 66, formed at the upper end of
element 56 fit against complementary prongs 68. '

The modification of connector 52 lies in the provision of two additional

20 elements 70 and 72 which serve to extend the shield bond and provide strain relief for
the cable strength members 74. Shield bond extension 70 has three holes 76, 78 and
80 therein. Hole 76 is formed in a narrowed end portion 82 of extension element 70
and receives bolt 60 when connector 52 is assembled (narrowed end portion 82 is
interposed between inner and outer clamping elements 54 and 56). Hole 78 receives

25 prong 66 of clamping element 56 which, with hole 76, serves to securely affix
extension element 70 to clamping elements 54 and 56. Hole 80 is adapted to receive
another bolt 84 formed on extension clamping plate 72, whereby the strength members
74 may be secured between plate 72 and extension element 70. Bolt 84, which extends
the same direction as bolt 60 when extension element 70 is affixed to clamping

30 eclements 54 and 56, may be directly secured to the support member (or mounting

fixture) inside closure 10. A flange 86 formed on the end of clamping plate 72 serves
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in other applications, such as copper or co®x. The disclosed enbodinents
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flanges may be provided, for example at the narrowed portion of element 70, to
restrain the bent wires. Clamping piate 72 and extension element 70 are preferably
formed of a metallic material such as a copper alloy, e.g., brass, preferably with a tin
plating.

10 Connector 52 has several advantages. First, it can handle any kind of
strength member, e.g., wires or aramid fibers. It does not allow strength members to
bow or buckle (for example, due to thermal cycling) because they are held at short
distances from the cable sheath opening. This attribute is particularly significant in

. fiber optic applications. Connector 52 can be attached to different types of existing

15 shield bond connectors, for conversion from copper shield bond to fiber shield bond.
Since it terminates the strength member close to the jacket opening, it can be easily
isolated from the fiber management devices in closure 10. Finally, because it is similar
to the prior art copper shield bond connectors, the transition for technicians from
copper to fiber will be easier.

20 Referring again to Figure 2, the inner framework of closure 10 may
take on various forms, but advantageously includes a back plate or t-ransition tray 92
and one or more splice trays 94 each having a cover 96 and one or more splice inserts
98 for receiving splices 100 interconnecting a plurality of optical fibers 102. The term
“splice” often refers to the permanent interconnection of two transmission lines, as

25 opposed to a “connector” which usually connotcs a device which may be atiached,
detached, and re-attached, repeatedly if necessary. These terms should not be so
construed in such a limiting sense as used herein, however, since the present invention
is equally usable with both devices that permanently connect and devices that
temporarily connect.

30 Although only two splice trays 94 are depicted, more could be provided

in larger embodiments of closure 10. Transition tray 92 is best seen in Figure 6, and is
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back side of tray 92, such as within the cylinder formed by the molding of the upper
spool 108, tﬁ support the trays when the closure is open, i.c., dome body 12is
15 removed, and the trays are extending horizontally. Another biece of foam, such as a
foam donut, can be placed around the free ends of the trays or pre-positioned within
the closed end of body 12 to provide resistance against vibrations and external impacts.
- Figure 7 illustrates a novel split tube 116 which may be used to route
the fibers from transition tray 92 to a splice tray 94, or from one splice tray to another.
20 Like prior art articles, fiber routing tube 116 keeps the fibers from being physically
damaged, and resists bending the fiber to less than its minimum bend radius. Unlike
cylindrical tubing or spiral wrap, tube 116 is particularly suited for ribbon fiber; 12
fiber ribbons stack neatly in the rectangular cross-section interior, and this shape
allows little twisting of the ribbons. Additionally, it can be installed on the fibers much
25  quicker than cylindrical tubing or spiral wrap, by using an interlocking, releasable seam
comprised of a longitudinal spline 118 extending the full length of the seam, and a
complementary groove 120. Spline 118 is enlarged or mushroomed at its tip, and
groove 120 has a region of diminished width, to provide a dovetail or snap fit, but the
material of tube 116 is sufficiently elastic (such as an EPDM/polypropylene blend) to
30 allow the walls forming groove 120 to expand and allow spline 118 to fully enter
groove 120 and seal tube 116 along its scam. Whatever tubing is used, it can
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sel ected to cause body 12 to be forcibly urged agai nst base 14
and forma tight seal therewith, the seal being further inproved by an
Oring 30 whic 3placed near the top of base 14 in an anrOIsssees2dve 32
formed on WO the outer surface thereof. The diameter of Oring 30
is matched to the wi dth of 5 groove 32 to provide an inproved seal.
Wth further reference to Figure 3, the strain relief nmenber 18 of the
present invention uses a novel design which pggvides strain relief for the
cabl e(s) entering closure 10, and allows quick and sinple

instal lation. St raLngﬁﬁmgao he tray pivot point it& Gow ife ﬁbeFHtatrﬁ:v%‘frd%EVl ng

several cutouts, roug hape formng cable ports 36,
all owi ng the cabl ewithautisstching ow any hingss.ami melweto their minigum s1‘!9“3’,=,'*?‘!$84\/\/ays that

Ip._lsate has sever\éml tga'ltjterhaw Waﬁn&ﬁé\ﬁﬁgﬂs &,%bé%ﬁw%d%} por éﬂ;g

whi ch coi ncide Wi t pan &hmwﬁndtshe of traxasition tray 92, and have siivilaestnictires; énchudling
such thatstra ns r :I'cluate wr;ﬁsn})ﬂ for guldmg th%eﬁbgll's.atcagg l&a E’ itgtlliln%g Itl?e?rlx %ﬁd 2 asn%els 126
for constraining the fiber breakout tubes. Trays 94 are also preferably deep enough to
allow multiple crossovers of ribbons. Channels 126 may have a snap feature to secure
the tubes, or be used with cable ties. Splice trays 94 also have one or more pad areas
or depressions 128 for receiving splice inserts 98. A clip 130 may be provided on
10 transition tray 92 to releasably secure the adjacent splice tray 94 in its storage position,
and the splice trays 94 may be provided with similar clips 132. Overlapping tabs 134
formed on the sides of splice trays 94 help keep the trays neatly stacked. Transition
tray 92 and splice trays 94 are preferably molded from an injection-moldable
thermoplastic polymer such as polycarbonate. When used with the other thermoplastic
15 components described above (body 12, base 14 and strain relief member 18),
absolutely no metal components are exposed within closure 10, which is desirable for
storage of all dielectric cable, and for metallic sheath cable. Connector 52 can be
wrapped with, ¢.g., vinyl tape so that there is no exposed metal.
The use of an injection-moldable material also allows the tray hinge
20 mechanism to be formed integrally with transition tray 92 and splice trays 94.
Specifically, pivot pins 136 and 138 are formed in the upper surface of transition tray
92, and similar pivot pins 140 and 142 are formed in the upper surfaces of splice trays
94. These pins fit within hubs correspondingly positioned along the lower surfaces of
the splice trays. Since these pins and hubs are formed at a common end of all of the
25 trays, they can be accessed (inclined) without kinking the fibers routed around that
end. The hubs have an outer wall with an irregular shape or detent, formed to bias the
tray toward a position which is inclined 60° from the storage (flat) position, as shown
in Figure 9. The pivot pins are nested in a socket having an inner surface with the
same irregular shape as the outer wall of the hub. This feature allows hands-free
30 access to ﬂbers.in trays below the top one(s), and integrally molded pins allow the

trays to be pivoted without kinking or breaking fibers that enter and exit the tray. To



14 and have a tight fit between the inner surface thereof and surfaces 38.

A series of 15 flanges_or fingers 40 foraed along—surfaces—38—smap
arourd t he bottom edge of base 14 for a solid connection. Plate
34 also has a mounting fixture 42 for receiving the tray, back
pl at e, termv%lwm.’&‘:k, etc., which supports and stores the PCEIUSS6RLRM
fibers (or wi res) and associ ated interconnection devices. In the
il lustrated enbodi nent, nmounting fixture 42 extends generally
perpendi cular to plate 34 and has a slot therein 20 for receiving a
tang or tab on the tray. The slot may be benitl}- or additional slots

provi ded, for a nore robust attachnent. A portion

of the inner surf anoveafsplidedray®dback intopalignment withitheptherdrays; jor flasagainst transition

of bunps or teeth 44 ich bite jnto the, c ,acket or. fitting materi al
to nore W@Shm %&Jﬂ e g{)'rn@%ﬁgé'?"q ﬂﬁ@gmf'géf%”gl ong the
inner surface of ports 36, Bgwkdembodimentdof thé foveldplicsinsertsIBaised with eeeni ngs
46 which receive cable ties 48 (see F further

igures 2 and 6), for
'securing the cabl gressatdnvention:sre shosyndn Elgmf‘%'mﬁ_e w%ibénsenégse@mdae%an rs of
oo e var 1§ Pkl i il el ol GGG} S RS ey
addi tional cabl e tdreequally suited to szoemmbdate similarioptickt corapbnents such as couplptsi nal .
strain 50" it meaSepats; The mresN depricd S Egure TBRis SRR ATNE o
o s a6 e e o A e gy o
corresponding to depressions 128 formed in splice trays 94 which, in the preferred
10 embodiment, is rectangular or parallelogram. Ears 148 formed at the ends of pad 146
mate with correspondingly-shaped cutouts formed in tray 94 to help retain insert 98a
in depression 128. Other means could be provided to attach the pads to the trays, such
as pressure-sensitive adhesive. Insert 98a has a plurality of fingers or arms 150a which
are positioned to form a series of parallel nests or grooves for receiving individual
15 splice elements. Arms 150a are staggered to provide a multi-point load on the splice
elements, and are preferably constructed of an elastic material such as natural and
synthetic rubbers, polyurethane, EPDM (or blends thereof with polypropylene),
Neoprene or nitrile. Each of arms 150a has a flange or hook 152 formed thereon, with
the hooks along a given side of a splice element alternatively facing opposite
20 directions; thus, in the depicted embodiment wherein three arms are provided on each
side of the splice element, a given element is gripped by two hooks facing the same
direction at its ends, and by a third hook facing the opposite direction at its center.
Figure 10B illustrates an alternative splice insert 98b adapted for use
with discrete mechanical splices, such as the FIBRLOK splice 154 (FIBRLOK is a
25  trademark of 3M). Arms 150b are similar to arms 150a although they are thinner than
arms 150a and the hooks are less pronounced. In Figure 10C, splice insert 98¢ has
been adapted for use with discrete fusion splice elements 156, and its arms 150c are
nearly triangular in cross-section, with a lower corner missing to form the hook
feature. Two layers of discrete fusion splices can be stacked in the grooves of insert
30 98c to double its capacity, to twelve elements in the depicted embodiment.
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prepared, if necessary, for strain relief by wapping the area to be
clanmped with a suitable fitting material, such as vinyl tape.
Finally, w able in place in a port 36, t i es PCIRYN28Hnched
tightly usih‘g’ 'ers or a cable tie gun. After all cables are so

secured, strain relief nenber 18 is |ocked into base 14 with fingers 40
snapped firmy 5 against the bottom edge of base 14. An end seal, such
as those nmade of foam nmay be used tqQpprovide resistance to water
I ngr ess. -The cabl e jackets nmay be further secured
within closure 10, for The presentiihvention élimirianess tieti nequitement in pribearssplicer t
menber which is npunted qQn fixture 42, usi ng conventional, ¢l.anpi ng
devi ces, i ncl udi nisertsef, 'WW?%Q"B’F@EH‘{"E‘&F“‘P“T@;' W?‘S’Jd?ﬂ?r 0SS

groundi ng sheat hs *ifsoﬁﬁlh st Satiael ol b i ' A Sk (R EeRl
menbers (such as Pﬁb%&&neta |?‘%ﬁl@ﬂgﬁﬁlﬂﬁgeth?éﬁgdtsﬁﬁglr‘a%d(}cflkbers), then

t he nodi f i size eftheinsert, andienhancing andeq p thegetaining force an thegplices 4 and

5 may be used to CcUr.e,.t . i o
conventi onal clsanﬁwté'l ﬁm@g@ﬁmﬁg‘g@%ﬁﬁ %‘é‘gﬁ?gﬁ{’ gﬁ@%&#gﬂg
jacket 58. Inner ghadnéssén the filge of 3CSHure AatoS0rShore I,preferabliyin the Gangls of 60-80
passes through a hole 62 in outer clanpi Hg el enent. 54. Bot,gpq?ééerrents

and 56 have a pl uShereiA; apd mogt prefergbly abant §h°rfd‘r-r@1$°_é’ﬁmﬂ psegs ?‘fi'pgﬁ:g
Jacket '58. A allow Rirlefis iflertich3Rd RémdVaui i splicd clestni Winlout Bilnighty thE ONg 66,

formed at the upper en me I't agal nst conp ntary
prongs 68. element or the interconnected fibers.

10 Although the invention has been described with reference to specific

embodiments, this description is not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as alternative embodiments of the
invention, will become apparent to persons skilled in the art upon reference to the
description of the invention. For example, nearly all of the components can be used

15 with in-line closures as well as dome closures. It is therefore contemplated that such
modifications can be made without departing from the spirit or scope of the present
invention as defined in the appended claims.



The nodification of conrrect or-527Ties in the provision of two addltlonal

20 elenents 70 and 72 mhl v
strafmrelief for ﬂ g“fuﬁ! mfh menbers 74. ‘(;Sl" d"NE\»TBEEN

extension 70 has three hol' es 80 therei
formed in a“nﬁ%ﬁﬁﬁﬁd end portlon 82 of extension el enent 7awnwmmmns
recei ves bol't en connector 52 is assenbled (narrowed end portion 82 is
i nt er posed between i nner and outer clanping elenments 54 and 56). Hole 78

receives 25 prong 66 of clanping el ement 4% which, with hole 76, serves
to securely affix extension elenent 70 to clanplng el ements 54 and
56. Hole 80 is aogpf-gﬂ to receive anot her bolt 84 formnmed on

extensi on clanping plate 723 Auhed %o yEgP w8y be
secured between plate 72 and ext eérrlés)‘ib(gn ﬁimgﬁl{mﬁi%m ?ﬁ@f Wm ch exPends

t he sanme di rectlantemnmmndewmmsm on elenent 70 is affixed to

(r:nleﬁbnglrn?or ng(ant;alngrrents 5%%8‘%5‘% dllqrectl securAed tQ the sug_ﬁ)ﬁ%d

on the end of sl agigtk]ghdHtaving first and>$e¢ond pivot pins at o eridtheredd 3
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a first, elongate splice tray having first and second hubs at one end
thereof, engaging said first and second pivot pins, respectively, of said transition tray,
thereby hingedly attaching said first splice tray directly to said transition tray, said first
splice tray further having third and fourth pivot pins at said one end thereof, proximate

10 said first and second hubs; and

a second, elongate splice tray having third and fourth hubs at one end
thereof, engaging said third and fourth pivot pins, respectively, of said first splice tray,
thereby hingedly attaching said second splice tray directly to said first splice tray at the
same end of said first splice tray that is attached to said transition tray.

15 2. The article of Claim 1 wherein said transition tray and first and
second splice trays are generally flat and lie stacked in a storage position, and further
comprising:

first means for releasably securing said first splice tray in an access
position wherein said first splice tray is inclined away from said transition tray; and

20 second means for releasably securing said second splice tray in an
access position wherein said second splice tray is inclined away from said first splice
tray. .

3. The article of Claim ! further comprising a split tube for routing fiber
from (i) said transition tray to either of said first and second splice trays, or (ii)

25  between said first and second splice trays, said split tube having means for reieasably
sealing said tube along a longitudinal seam thereof.

4. The article of Claim 1 wherein said transition tray and first and
second splice trays are all formed of an injection-moldable thermoplastic polymer.l

5. The article of Claim | wherein said third and fourth pivot pins are

30 formed on an upper surface of said first splice tray, and said first and second hubs are

vl

formed on a lower surface of said first splice tray.



to further stabilize the c Iding a positive stop and
friction fit with the miﬂmue tlmm of extension : : —
sides 90 of clanping pr_t bent to for %&WMSBEEN
simlarly engage the sides of extension el enent 70. C aRPPLAGED at e

72 may haveﬁw&ches therein so that the strength nenbeP€T
bent back o € plate, in the notches, for addtional strain relief, and

addi ti onal fl anges nmay be provided, for exanple at the narrowed
portion of elenent 70, to restrain th¥ bent wires. Clarrping plate
72 and extension el enment 70 are preferably taI l'ic
mat eri al such as a copper aI a@dgof% %é‘heﬁwtﬁﬁlwg QPFFFF‘Y’W
pl ati ng. Connector 52 has several advantages. First,
it can handle any R ng d‘% ) strength nmenber, e.g., wires or aramd
fibers. It does not allow st Theadi im 2 wherein: bow or buckle (for

exanpl e, due to thermal cycli ecause_t hey, are @

di stances fromthe cable she’aﬁﬁ%ﬁMF by mgﬁ&g%ﬂ %F “‘%Hﬁ’&ﬂ y
si-gnificant in s mﬂohh@iw%eﬁaﬁiﬁdﬁﬁﬁnilmndﬁﬁbmm or 52 can be
attached to different types of eX|st|ng 15 shield bond conn ctors, r

conversi on from copper shi elsgidseeradimeans forreleasably secusing gaid second sp “%SF"H&EB‘
term nates the strﬁg?hg”?iﬁgﬁ) &' pening, it can be
easily i solate rom tf%ﬂ@%“wt#gﬁgadeﬁgﬁﬁh evices in closure 10.
Finally, because it is sim|8&fThearticle of Claim 2fartiwr comprising taxttop eweans formad dnond
connectors, the tranght o, for fechnici aniﬁf rom copper to fiber

will be easier. rst splice tray for releasing:aid.firs{ W%ﬂﬁnf o Figure 2, the

i nner franewor kygpf closure 14 The¥rticle of Claim23/frét vari ous forns, but

advant ageously . |ncludes a back plate or transition tray 92 and one
or nore splice trays 94 eacu&de(smdaecooﬁmllcemﬁmmndwlmalsam ce

i nserts 98 for receiyi | i i . ' . ' of
S ibers 1og. The coe! sld oo shéiting b Ohhifed B birfies it it dnd

fourth hubs having detent portions which fit within sockets surrounding said third and
fourth pivot pins, said sockets having inner surfaces whose shape complements said
i1 detent portions of said outer surfaces of said third and fourth hubs.

10. The article of Claim 3 wherein said sealing means comprises a
longitudinal spline extending the length of said tube, said spline having an enlarged
portion, and a complementary-shaped longitudinal groove for receiving said spline in-
dovetail fashion, said tube being constructed of a material which is sufficiently elastic

20 to allow said groove to expand to receive said spline in a snap fit. |
11. The article of Claim 4 wherein: _
said first and second pivot pins are integrally formed with said transition
- tray; |
said first and second hubs, and said third and fourth pivot pins, are
25 integrally formed with said first splice tray; and

said third and fourth hubs are integrally formed with said second splice
tray.

12. The article of Claim S wherein:

said transition tray and first and second splice trays are generally flat

30 and lie stacked in a storage position; and
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"splice" often refers to the pe | ection of two transm ssion
| ines, as 25 opposed to a " ﬁﬂgﬂﬂ(j ﬂﬁﬂmﬂmsuﬂiy con eovd-LC
whi ch may be attached, att ached, ?@qgaﬁhuncﬁTWAS BEEN

nécessary. These terns shoul d not be so construed n_suBBPLACED
limting seng@og@oresed herein, however, since the present i|pgpo

Is equally usable with both devices that permanently connect and devi ces
t hat tenporarily connect. 30 Al t hough only two
splice trays 94 are depicted, nore could be prOV|ded in | ar ger

enbodi ments of closure 10. ssidtiirdian®RourthPlvoP gink sre Satied Hielty sBove Al Srstang2"?

i's
PCT/ US96/ 02524 WOYERSPS hybsn said storage position.

-0O- el ongat e, havw@m@%ﬂemr{ﬁgwaxture 104 at one end for

renovabl e connection with re 42 of strain relief

menber 18. Transition tray ﬁﬁmmsédohdbwwﬁnylr&hu egrally ft mredk,)q@ "m"ﬁﬁgﬁms

or. spool s 108 for thereon for receiving coils of opfic er's
such. as express fioer not used (spliced) at this location. Another curved
wal | 110 said first and second hubs, and said third and fourth pivot pins, are

integrally formed with said first splice tray; and

said third and fourth hubs are integrally formed with said second splice
tray.

M '
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5 guides a fiber breakout tube | 12 t ﬁ“ﬁl)ﬁ@ he splice trays 94. Spool s

-108 and wal | 110 al__fibers at
tadi us. Tabs 114 may mﬂ“mm‘m‘l‘l al n the fibgr ””Wﬁ%ﬁﬁﬁﬁ‘h
there is sufficient roominside done body 12, buffer tub

: ber
can be coi Wg%he plate's outer periphery and secured \BCINS8GNS28 t i es.

For | e tubes, the tube is termnnated and secured with cable
ties at the entrance and 10 | oose fiber é_s stored | nside transition
tray 92. For express ribbon fiber, storage in flgured 8"

patterns elimnates any tw sfg Rq.-,g{, fdrl PECFRAT lmgi,&gg&jy deep.
enough to allow nultiple crossovers r1 bbons. A oam’b o may be

attached to the assocnatedmtmmmmmcﬂrw)nmlngsuch as within the cylinder
formed by the nolding of the r . ool 108.. to support.the
trays when the closure is OMQOP‘ICG%W%{S al'?g"‘g"dlmea"igdofm“?ﬂd

the trays are ext efitsr Bigck) and thandAéﬁnb@fvoﬂbﬁEﬁ&feéﬂmmCh as a
foam donut, can be placed aroun the ree ends of the trays
pre-positi oned it hin "°°°'! d fiber. ppjic-shoragr tray W}ﬁ@’é‘“ﬂéﬂﬁ!‘é\‘?m&“ one

resi stance agai nst Vi 5@%
Figure 7 illustrat e? ‘g&ﬁ%%/ | t tu% 9%‘?{%13 rqggecltgg&, gatgglﬁttray,

the fibers fromt rdnambyhmgediya;acBGgmdmpﬂ trmdtrecdyt@daad first tray;rtnd)ne splice

tray to another. Li r art ar fiber rq t b
kee)p/)s the fibers from be| ng ’pﬁ?&{‘)"@& 9‘§°“‘m5°ps'°ﬁﬁg°r53m%fe s‘a‘Hh ¥ @’p'l‘
bendi ng the fiber iuaehmﬁgwa@fartraemaaywuhewtdbe%ﬂgalbmg.mhﬁal seagnthereof

cylindrical tubing or spital wap, tube 116°is particularly suit
ribbon fiber; 1@ ¥5. Bbe fmmwmks‘fﬂlmumdmenysa\d]sqahm mwtsangwphsnsa

Cr S oot O L B SR g i ) T b e,
qui cker than cyli npksmsﬁlanaufemﬁxeﬁrenﬁghmbemmmdhm gr60Vdfof FeckiVing iskid ¢plineGn
rel easabl e seam | on di nal, spl.ine 118 extendi ng

the full length ofd‘!‘l?@'@%’&?ﬂ“- %ﬁ'ﬂj‘“igge'"g construct E‘ﬁEﬁ‘t"ﬁ!’P?‘ g suffjcigntly glastic
Spline 118 is enl afo%lﬁﬂWeQB%ngttoHo&v&ﬁds A€ in Tsnap & e groove 120

has a regi on of dimnishe rovi de a dovet al fit, but
t he is 16. The framework of Claim 14 wherein an interior of said tube has a

rectangular cross-section.

17. The framework of Claim 14 wherein said second tray has third and
fourth pivot pins formed at said one end, and further comprising a third splice tray
attached to said second tray at said one end, said second and third trays being

20 essentially identical.

18. The framework of Claim 14 wherein:

said first and second trays are formed of an inject'ion-moldable _
thermoplastic polymer;

said first a'nd second pivot pins are integrally formed with said first tray;

25 and

said first and second hubs are integrally formed with said second tray.

19. The framework of Claim |5 wherein an interior of said tube has a
rectangular cross-section, and said split tube routes optical fibers between said first and
second trays.
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material of tube 116 is sufficiently elastic (such as an EPDIV! poI ypr opyl ene

S i co oy St R 5 TS S
seam Wiatever tubing is used, *itctcah * 07 REPLACED
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advant ageouslg/mt ravel below the tray pivot point to allow sbi/Ris tO
move freel WO wi t hout catchl ng on any hinges, and relax to their

m ni mrum stress state «17- Referring now to Figures 8
and 9, splice trays 94 are preferably the sanme general shape and
size of transition tray 92, 28/ fibenoptic deme glosure coraprisings, i ncl udi ng 5

apcuate vell's 122 or au O bl b5 unk bbbl ol R RED. "oT 27,
are al so preferably deep enawgularbase havmg first and second ends;
means for releasably securing said open end of said body to said first
5 end of said base;
a strain relief member attached to said second end of said base, having a
plurality cable ports therein;
an elongate transition tray having spool means for receiving excess fiber
slack, and having first and second pivot pins at one end thereof;

10 a first, elongate splice tray having first and second hubs at one end
thereof, engaging said first and second pivot pins, respectively, of said transition tray,
thereby hingedly attaching said first splice tray directly to said transition tray, said first
splice tray further having third and fourth pivot pins at said one end thereof, proximate
said first and second hubs, '

15 a second, elongate splice tray having third and fourth hubs at one end

* thereof, engaging said third and fourth pivot pins, respectively, of said first splice tray,
thereby hingedly attaching said second splice tray directly to said first splice tray at the
same end of said first splice tray that is attached to said transition tray, said transition
tray and first and second splice trays being generally flat and lying stacked in a storage

20 position, and said first and second splice trays being essentially identical,

first means for releasably securing said first splice tray in an access
position wherein said first splice tray is inclined away from said transition tray;

second means for releasably securing said second splice tray in an
access position wherein said second splice tray is inclined from said first splice tray;

25 a split tube for routing fiber from (i) said transition tray to either of said
first and second splice trays, or (ii) between said first and second splice trays, said split
tube having means for releasably sealing said tube along a longitudinal seam thereof’

means for mounting said transition tray to said strain relief member;
a pre-stretched tube collapsed about said strain relief member and said

30 second end of said base; and

end seal means for restricting water ingress about said cable ports.

This Sheet Has Been Replaced




ald ow mul tiple crossovers of ribbons. Channels 126 may have a snap feature

t o—secure the tubes, or bhe-used with cable ties._Splice trays_94
al so have one or nore pad areas or depressions 128 for receivVving
splice inserts 98. A clip 130 may be provided on 10 transition tray
92 to rel easawbge/@e3ure the adjacent splice tray 94 in its JoIWig6os24

posi tion, and the spli.ce trayg.éﬂanay be provided with simlar
clips 132. Overlapping tabs 134 formed on the sides of splice
trays 94 help keep the trays neatly stacked. Transition tray 92

and splice trays 94 are preferably nolded froman injection-nol dable
t hernopl asti ¢ pol yner such as pol ycarbonate. Wen used with the ot her

t her nopl astic 15 conponents descri bed above (body 12, base 14 and
strain relief nenber 18), . apsekutely no netal conponents are
exposed within closure 10, which is desirable\for storage of al

Connector 52 can be

5 no _exposed netal .~

mat erial al sof al 1@ the tray hinge

ally with trangifion trgl092 and splice

| 1y, pivot pins}] 136 éﬂg’?38 are formed in
tray 92,7and simlar pivot pins
pper surfaces of splice trays
correspondi ngl y} positioned al ong the I'ower

dielectric cable, and for netal
w apped with, e.’g., vinyl tape o
The use of .an injection-nol dablje
20 nechanismto be forned integ
trays 94. Specific
t he upper surface of transitio
140 and 142 are formed in the
94. These pins fit wthin hubs

sheat h cabl

surfaces of the spljice trays. Sincp these pins and hubs are
formed at a common end of all df the 25} trays, they can be accessed
(inclined) without kinking thelfibers routed afound that end.
The hubs have an outer wall wtith an irregular phape or detent, forned to

bi as the - tray towarjd a position which is inclined 60[err] from
the storage (flat) position, ag§ shown in Figure 9. The pivot

pins are nested in a socket hay{ing an inner sufface with the

sane irregul ar shape as the outjer wall of the hub. This feature allows
hands-free 30 access to|fibers in trays]below the top one(s), and
integrally nolded pins allowthe




trays to be pivoted w thout kinking or breaking fibers that enter and exit
the tray. To ___ WO 96/ 30793

PCT/ US96/ 02524 nove a splice tray 94 back into alignment with
the other trays, or flat against transition tray 92, two buttons
144 are pushegsgnehes he | ocki ng nechani smrel eases. PCT/US96/02524

Several enbodi nents of the novel spli c/Oerts 98 used with the
present invention are shown in Figures 10A-10C. Wiile inserts 98 are

adapted to 5 receive either fusion or mechanical splices, and for
ei ther discrete or ribbon fibers, they are equally suited to
accommodate simlar optical conponents such as couplers, splitters

and attenuators. The insert 98a depicted in Figure 10A is designed for use
wi th mass fusion splices, and includes a base or pad 146 having a shape
generally f?rresponding to depressions 128 fornmed in splice trays
94 which, in the pre red 10 enbodi nent, is rectangul ar or

paral | el ogram Ears 148%f or ned at the emgacﬁ pad 146

-




mate wi th correspondi ngl y-shaped cutouts forned in tray 94 to help retain

insert 98a in depression_128...CQther pmeans..could be provided to —
attach the pads to the trays, such as pressure-sensitive adhesive.
Insert 98a has a plurality of fingers or arns 150a which are
positioned twdesanred series of parallel nests or grooves fopctrRSSIE5330

i ndi vi dual 15 splice elenments. Arns @508 are staggered to provide a

mul ti-point |oad on the splice el enents, and are preferably
constructed of an elastic material such as natural and synt hetic

rubbers, pol yurethane, EPDM (or bl ends thereof w th polypropyl ene),
Neoprene or nitrile. Each of arns 150a has a flange or hook 152 forned

thereon, with t he hooks along a given side of a splice el enent
alternatively facing opposite 20 directions; thus, in the depicted
enbodi ment wherein three arns are provided on each side of the

splice elenent, a given elenent is gripped by two hooks facing the sane
direction at its ends, and by a third hook faci ng- he opposite direction at
its center, Fi gure—1lQB.i strates an alternative
splice insert 98b adapted for use | scret e nechani cal

splices, such as the FIBRLOK splice 25 trademark of
3M. Arns 150b are simlar to arns 1'<t Yjiey are thinner than
arnms 150a and the hooks are | ess pron§i ifgure 10C, splice insert

98c has : been ada teq‘}_a,L &AW, i bt e _Nusi on splice el enents
156, and its arnms 150c ard% Ry J/ in cross-section,
with a | ower coner m ssing ture. Two | ayers

0Q §
‘fcs5“ f insert 30
98c to double its capacity/ o YW i

{ ed enbodi ment.
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) es_the requirenent

in prior art splice i nserts of added relief areas for displaced rubber,

ahd avoids the tol erance buil d-up

479

probl ens associated with elimnation
of these relwebsmsmesas, in turn reducing the overall
and enhancing and equalizing the retain
This is achieved by providing staggered

Si ZmCTAis9bEs24 Nser t

orce on the splice 5 el enents.
whi ch are al so flexible,

havi ng a hardness$ in the range of 30 Shore Ato 50 Shore D. preferably
preferably about 70 Shore A.

in the range of 60-80 goShore A, and

The construction of insert 8a-98c

renoval of the splice el ement{w t hout

i nterconnected fibers. 10 90
described with reference Pg speci fic

not nmeant to be construed J limtipg

of the discl osed enbodi ne
i nvention, will beconme ap
reference to the

80—

il ow for easy insertion and
e —

el enent or the




description of the invention. For exanple, nearly all of the conmponents can

be used 15 with in-line closures as well as doge closures 1t is therefore
contenpl ated that such nodi fications can be made w t hout departing
fromthe spirit or scope of the present i nvention as defined in the
appended cl ag8%630793 WO 96/ 30793 PCT/US96/02524

- 13- CLAI MS: i ]9 1. An article for supporting

a plurality of optical fibers and associ ated i nt erconnection

devi ces, conpri sing: an elongate transition tray
havi ng spool means for recei vigggxceSNfi ber 5 slack, and having first
and second pivot pins at opégfnd thereqf a first,

el ongate splice tray haviAgsT i s
t hereof, engaging said f A fara
transition tray,

directly to said transift|

—
“4\

pnd hubs at one end

MPAdly att'd
QE\‘ [ st

+¥9L1Huﬂs, respectively, of said
ching said first splice tray

92



splice tray further having third and fourth pivot pins at said one end

t hereof, proxi mate 10 said first.cand.second bubs: and )

a second, elongate splice tray having third and fourth hubs at one end

t Hereof , engaging said third and fourth pivot pins, respectively, of said

first splicewonaso?s t hereby hingedly attaching sai d perosydessasi ce
tray directly to said first splicetra;@zﬁgthe sane end of said
first splice tray that is attached to said transition tray. 15

2. The article of Claiml wherein said transition tray and first and

second splice trays are generally flat and |lie stacked in a storage
position, and further conpri si ng: first
means for releasably securing said first splice tray in an access

position wherein said first splice tray is inclined away fromsaid
transition tray; and 20 _ second neans for releasably
securi.ng said second splice tray in an access position wherein
said second splice tray is inclined away fromsaid first splice

tray. Te article of Aaiml further conprising
a split tube for routing fib from (i) said transition tray to

either of said first and seca or (iiiﬁ 25 between said
first and second splice trays S S hawt'n ans for rel easably
sealing said tube along a lo S 5 ‘th%g%ﬁ?.

4. The article of daim1l wh@ ~ ion tray and first and
second splice trays are all QQ\ : .| on- nol dabl e t hernopl astic

R of Claiml| wherein said
RN upper surface of said
are formed on a

pol ymer.
third and fourth pivot pins are N
first splice tray, and said first awg
| ower surface of said first splicet
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PCI/LUS96/ 02524 :

-14- 6. The article of Caim1 wherein said
fi'frst and second splice trays are essentially identical

7. The arti ciygoghores ai m 2 wherei n: PCT/USSSI0Ss2l 1 I St
nmeans for rel easably securing said firig zglice tray in said 5
access position is fornmed at said firs é. second hubs; and

sai d second neans for releasabLﬁﬂfecuring said second splice tray in said
access position is fornmed at sa ' fourth hubs.

8. The article of Caim2 further tton nmeans formed on
said first splice tray for rel eg4l ; [ ecuring neans. 10
9. The article of Claim2 whergl said first
and second splice trays are egsgfiti ent | ¥ and
sai d second securing neans c S t of said third and
fourth hubs having detent poytifongf/ w AN Sot32t s surroundi ng
said third and 1
92 124
- 0
94 -——-;’
128
124
1267 126
o] 16
142
112
¢ 1140 144
104
26 14

40 18



fourth pivot pins,

campl erents said.
third and fourth hubs.

Cfaim 3 wherein said sealing neans conprises a
spl i ne ext engliovgiabds | ength of said tube,

sai d sockets having |nner surfaces mhose shape

out irfaces of said
10 The article of
| ongi t udi nal

sai d spline havi ngcpssivhsyoed

portion, and a conpl enent ary-shaped Io !tgplnal groove for receiving said
spline in dovetail fashion, d tube being constructed of a
material which is sufficiently elasti 130 20 to allow said groove to
expand to receive said spline i fit.

11. The-article of daim4 wh
and second pivot pins are int gr

tray;

third and fourth pivot pinsf

first splice tray; and
hubs are integrally fornmed
12, The article of daim5
transition tray and first

30 and lie stacked i nygg st

112

136
140

104
26

42

i n: said first
with said transition

i LNt and second hubs, and said
re wallyforrred with said
said third and fourth
aid s splice tray.
ei n: sai d
second spli trays are generally flat
position; d
122
94 - 132
L |
(I | <
L3 |
128
7 128
o
142 .
Fig.9
144
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WO 96/~30793 said third and fourth pivot pins are

stacked directly above said first ar— —second hubs in said storage

posi tion. 13. The article of C aim9 Wierein

said first and weegsgesi vot pins are integrally forned with said transition
5 tray; said first and second hubs, a ild third

and fourth pivot pins, are integipl/l@ formed with sai lice
tray, and said third and fourth hubs are integrally
formed with said second splice tray. WO 9610793

PCT/ US96/ 02524




14: A fraﬂbwork for supporting a plurali
assqci ated interconnection devices,.-

ERTMP

ty of optical fibers and wPy

a.first fiber optic storage tray havi ng
fi'ber slack, and having first and se

Pr\rmr1 CI ng

DO

spool neans for receiving excess

5 a second fiber opti e tray having fir@miaesd second
hubs at one end tWeRLRDFELLECTIAL BRONERTY ORCANTEATONt  and s pi vot
pins, res ectlvel of said first tra t here

B 26 hi ol CERNATIONAG APRICATION 2 1SHED upER T BATRYE ChGBRRATON TREkTy @)

a spl i}t meeasfici Pites ClesigaatpSi:cal i Qer S| ¢1) Gotriafidnst Potliation’ Nuinber: trayW@aogﬂﬁWs
split Go2B 6/44 tube having neans |fgr} rel easably sealin sald t ube al on
a | ongj tudi nal seam t her eof 10 “”““m”“““¥" The 0
Caim wherern said sea1|ng means co ongi t udi n
SPhT ne| @R inrmstions AHNERRIY: of | FEPHEH | € @hmwg@c%ﬁ@@g&@ﬂr
POr T i Of'\e2) Tithaflonti MR FaE N ab_t'reﬁh?ﬁﬁdah it udi rl??fxsgmw m‘,me.a.atsvmmwm:
spkinefin dovetail fashi dai d d@hyﬂ-rﬂkl’leﬂf-sﬂ» RY, SD,
mat eri w?d NS SUfficiently elastic hond (SLtsl%m :gg
expand| 18 @éﬁs sai d3iilch 965 BsdmSnamusili t . BY, kG, RU, T, m awopeanpmm
The frpanmework of Claim 14 wherein an intgrior ggﬁmﬂﬁ&m%@%@g LU, MC.QN,:-.dF'LI"
rectan cro g pa RSt

- Caim Q"MM ﬁ%%l ang N SN > fourth pi vot
pins f rned&nuwﬂamdﬁmneﬁenﬂ) and further [conprising a third splice tray
attacheg, 1o _sai d t.r : Ld second . and third trays
bei ng %LM%E?’T QT?X B?’?jae?’n 1%‘51% ik oot 'ng" 18. The
framewpr k of C|a|n114 mhereln said first and

second| ¢4 Aggs: M@#"OV Miusso Misieo| dabl e t her nopl asti ¢
pol yne mﬁowgmpﬁﬁﬁf&smsm first and second pivot pins are

aIIy formed with said first tray;

(54) Title: DOME SHAPED CLOSURE FOR FIBER OPTICS
(57) Abstract

A fiber optic dome closure has a body with a
closed end and an open end, a tubular base releasably
secured to the open end, a strain relief member
attached to the base, having cable ports therein, and
several fiber optic storage trays supported in the
body. The trays include a transition tray which
receives excess fiber slack, and two or more splice
trays hingedly attached at a common end to cither
the transition tray or to apother splice tray. The
transition and splice trays being generally flat and
lying stacked in a storage position. The splice trays
can be inclined without kinking the fibers routed
around that end, and the hinges have features formed
integrally therewith which releasably secure the tray in
the inclined, access position. A split tube for routing
fiber from the transition tray to either of the splice
trays, or between the gplice trays, has a releasable
seal along a longitudinal seam to allow the fibers to
be secured therein quickly, without threading. The
transition tray and splice trays are preferably formed
of an injection-moldable thermoplastic polymer, with
the hinging structures integrally molded therein. The
splice trays are essentially identical, i.e., come from
the same mold.

\_—/d N |
| g 1
28 74
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25 “ant,

cross-section, and said split tube routes optical fibers RQetjween said first¥y
second trays. WO 96/ 30793 308EP B %
-1

and

PCT/ US96/ 02524
20. A fi becClsiptg:c done cl osure conpri sing: :
el ongat e body having a closed end and an open end,;

. . - R c
N |11 111 N

of Claim 15 wherein an i'nteribr %f tsafd tub®e has a

LE!

an

"Ml ’
¢ 4

S

s F

a. tubul ar base having first and second ends;

nmeans for rel eadafnyprticte(0) fay syppartiog a plusslity of opticabfibesy{l 02 handassodiateds t

5 end of s
attached t

10

15

20

25

g'jt%g&gﬂ%gtéocnoﬁealicéeﬁ &1_('&), %Oérixpd-isgg a glurl%gtx of ;ﬁgﬁéc{ éanidr]ﬁrggeeld iﬁ%fer ) on%bgee_ '

and splice trays, characterized by:

an elongate transition tray (92) having spool means (108) for receiving excess fiber
slack, and having first and second pivot pins (136, 138) at one end thereof;

a first, elongate splice tray (94) having first and second hubs at one end thereof,
engaging said first and second pivot pins (136, 138), respectively, of said transition tray
(92), thereby hingedly attaching said first splice tray (94) directly to said transition tray
(92), said first splice tray (94) further having third and fourth pivot pins (140, 142) at said
one end thereof, proximate said first and second hubs; and

a second, elongate splice tray (94) having third and fourth hubs at one end thereof,
engaging said third and fourth pivot pins (140, 142), respectively, of said first splice tray,
thereby hingedly attaching said second splice tray directly to said first splice tray at the
same end of said first splice tray that is attached to said transition tray @

2. The article of Claim 1 wherein said transition tray (92) and first and second
splice trays (94) are generally flat and lie stacked in a storage position, and further

characterized by:

first means for releasably securing said first splice tray in an access position
wherein said first splice tray is inclined away from said transition tray; and
second means for releasably securing said second splice tray in an access position

wherein said second splice tray is inclined away from said first splice tray.

3. The article of Claim 1 further characterized by a split tube (116) for routing fiber
from (i) said transition tray (92) to either of said first and second Splice trays (94), or (ii)
between said first and second splice trays % said split tube (116) having means (118,
120) for releasably sealing said tube along a longitudinal seam thereof.

4. The article of Claim 1 further characterized in that said third and fourth pivot

pins (140, 142) are formed on an upper surface of said first splice tray (94), and said first

and second hubs are formed on a lower surface of said first splice tray (94).



I ra%".t cabl e. orts therei a \
!tor-;nsi t i gn tray Iﬁavi ng spoo: Tl‘mwmlu m,”mHHml ng excess fibe '

sl ack, and having first and sécofid pi vt spims at one end t hef epf: 919%9
a first, elongate splice tray having first and second hubs af g%#&

thereof, engagi ng said first and second pivot pins, respectileryr—et—sai-a-
transition tray, ~thereby hingedly attaching said first splice
tray directly tOSSQhE'aﬁ% hﬂmﬁ:"rﬁ%rctﬁ?dcfé&éd button means (1449 #6 5,{ay
further having thrrd fourth pi vot gfrduone end%—iﬁ

proxi mat e  said first splicetriyd(94) fost‘elmdxgssmd(ﬁnsi sbaurmg means. 15
a second, elongate spl ice T ray having third and fourth hubs at one end

t hereof, engagin an our t i voi pi _respectively, of said
first splice tra&jﬁem" 1 Mﬂ%ﬁ@fﬁ@ﬁé&hi ng sai d second splice
tray directly tosﬁé'ﬂilstfa'na%écdﬁH'sg thaly§04) lard diSentially identical; ag®"® end of said
first splice tray that is attached to Satd transrtron tray said transition

tray and §irst anssidseconddesypingoneans egmprises ogteyamiaces dfisaidithird amtifourthrhgbs
stackedin st or,a and said first .and,second spl.ice .
trays being ‘5@% HF'%EW ?%T"??Pe‘%}tgf’}égt Sithin 80cice Kirroin mg said third and 361 P‘é’?tpﬂﬂ-’ans

for rel easaljsp, aaw&a&%a&t& r{g%ﬁne?%r'fé‘c%s whésé shilp s said detent

posi tion whereta—said first splice tray Is |ncI|neda rom sal
transition tpoetions of said outer surfaces of said third and fousthdwhsl rreans for rel easably
securing said second splice tray in an access position wherein

Sl Tt tube: For T Shf Ao dfim § Rfsnet itacRiined i B B seiing i gomagivesor
a Sp | upe or (0]
said alongltuﬁhﬁﬁiphﬂ@('ll%%ﬂ%ﬂdlﬁé’tﬂe%xgtﬂ 8hid (2be (116), sl pﬁﬁa;gg_e; ﬂ.}‘tﬂg st

and second splice trays,
rel easably aaahhrg;dqmmbm abdea abmplgrmnthrmsjnpediongtudumhgmbhe(mb for receiving

nmeans for d, transj n tr 0.5 strain relief nme

a pre- stret CHES @%ﬁi@b«ni&ﬁ %&8&8@?&6&@%&@?4@%9@@%@%@

30 second enpggMiciRlyEI1f8e fo alfdté'said groove (120) to expand to receive said spline (118) ina
snap fit.

15 _S;The article of Claim 3 further characterized in that an interior of said tube (1_1_6)

has a rectangular cross-section.

9. The article of Claim 1 further characterized in that: |
said transition tray (92) and first and second splice trays (94) are all formed of an

mjectlon-moldable thermoplastic polymer;

20 said first and second pivot pins (136, 138) are mtegrally formed with said transition
S o———————— R mammmaaan RO
tray (92);

said first and second hubs, and said third and fourth pivot pins (140, 142), are
integrally formed with said first splice tray (94); and
said third and fourth hubs are integrally formed with said second splice tray (94).

25 10. A fiber optic dome closure (10) comprising an elongate body (12) having a
closed end and an open end, a tubular base Ql_l) having first and second ends, a strain relief

member (18) with a plurality cable ports (36) therein attached to said second end of said
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base (14), and a plurality of stacked and hinged fiber storage and splice trays, the dome

closure (10) characterized by:
—means (16) for releasably securing said open end of said body (12) to said first end
of said base (14);
5 - an elpngate transition tray (92) having spool means (108) for receiving excess fiber

slack, and having first and second pivot pins (136, 138) at one end thereof;
a first, elongate splice tray (94) having first and second hubs at one end thereof,
engaging said first and second pivot pins (136, 138), respectively, of said transition tray
(92), thereby hingedly attaching said first splice tray (94) directly to said transition tray
10 _(92), said first splice tray (94) further having third and fourth pivot pins (140, 142) at said
one end thereof, proximate said first and second hubs;

a second, elongate splice tray (94) having third and fourth hubs at one end thereof,
engaging said third and fourth pivot pins (140, 142), respectively, of said first splice tray,
thereby hingedly attaching said second splice tray directly to said first splice tray at the

15 same end of said first splice tray that is attached to said transition tray ‘(12_), said transition
tray (92) and first and second splice trays (94) being generally flat and lying stacked in a
storage position, and said first and second splice trays (94) being essentially identical;

first means for releasably securing said first splice tray (94) in an access position
wherein said first splice tray is inclined away from said transition tray (_93)_;

20 ' second means for releasably securing said second splice tray (94) in an access
position wherein said second splice tray is inclined from said first splice tray 59_4)

a split tube _(1_16_). for routing fiber from (i) said transition tray (92) to either of said
first and second splice trays (94), or (ii) between said first and second splice trays @ said
split tube (116) having means (118, 120) for releasably sealing said tube ,(_1_1_6) along a

25 longitudinal seam thereof, |

means for mounting _(_43_) said transition tray (92) to said strain relief ﬁember QE)_;

a pre-stretched tube (20) collapsed about said strain relief member (18) and said
second end of said base (14); and '

end seal means for restricting water ingress about said cable ports.



