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The present invention generally relates to
devices for optically connecting the ends of waveguides
such as optical fibers, and more particularly to an
article which splices a plurality of pairs of such
optical fibers.

scripti o e

Splice devices for optical fibers are known in
the art, but there is still a need for a quick and
reliable method of splicing a plurality of fibers in a

high density environment. Prior to the introduction of

splice devices which join a plurality of optical fibers
in a single splice body (discussed further below), this
was accomplished by utilizing a plurality of single fiber
(discrete) splice devices. This approach was very time
consuming, however, and further resulted in a large
volume of splice bodies which crowd junction boxes, or
require specialized splice trays to keep the fibers
organized.

Several systems have been devised to address
the problem of multiple fiber splicing. One technique,
mass fusion welding, requires that each fiber be placed
in a groove of a rigiaq substrate having several such
grooves. Best fit averaging is used to align the fiber
pairs and an electric arc is created, melting the fiber
tips and permanently fusing them together. The primary,
and very significant, limitation of fusion splicing is
the great expense of the fusion welders. Fusion welding
is also time consuming, and precludes later fiber removal
or repositioning.

Another common multiple splicing technique
requires the use of adhesives, again with a substrate or
tray that has a plurality of grboves therein. For

example, in U.S. Patent No. 4,028,162, a plurality of
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opti‘cal fibers. 2. Description of the Prior Art Splice
devices for optical fibers are known in the art, but there is still a need
for a qui &Mi abl e method of splicing a plurality of fi RCHUS92A6MEH
density environnent. Prior to the introduction of splice devices which join
a plurality of optical fibers in a single §pllce body (discussed further

bel ow), this was acconplished by utilizing™a plurality of single fiber

(discrete) splé Rl r@se 1 dbE Sa 2PPROACOn " SpYEEYLL | SR EORSUL Ry HGVeVeT
Pheacon 8 pYELYLL £

and further resulted In a arge volume o I'ce
junction boxeEiRgr r%’qiﬁ’ib“%p%%?%’?iedaé‘él FWt#a?@VQb !kb@pﬁti\e apbkled

or gani zed. over th&aHiles Sysd Ctfe h&!ﬁs@?@ﬂe Jdemié eEov&r FITL €6 ShiPeng
probl em of mulx |aol 3 t],cd bc emj?l | Ciy adhere to &‘é qflber and substrate.
5 Adhesives are also used in the opt1ca1 fiber splice
devices disclosed in U.S. Patent No. 4,029,390 and
Japanese Patent Application (Kokal) No. 58-158621. The
use of adhesives is generally undesirable since it adds
another step to the splicing process, and may introduce
10 . contaminants to ghe fiber interfaces. Splice devices
using adhesives also require extensive polishing of the
’ fiber end faces to achieve acceptable light transmission,
and some adhesive splices further require the use of a
vacuum unit to remove trapped air.
i5 The /390 patent represehts an improvement over
earlier multiple splice devices in-that it utilizes a
foldable holder-hﬁﬁing a series of V-grooves on both
sides of a central hinge region. The method of attaching
the fibers to the holder, however, presents additional
20 problems not present in earlier splices. First of all,
since adhesive is used to affix ﬁhe fibers to the holder
before splicing, the cleaving of the fibers becomes a
critical step since the cleave length must be exact to
, avoid any offset of the fiber end faces, which would be
’ 25 extremely detrimental to splice pérformance. Secondly,
it is critical that the oppcs;ng égrooves be exactly
aligned, which is unllkely with the hinge depicted in the
’390 patent; otherwise, there will be transverse fiber
offset resulting in increased signal loss. Finally, the
30 390 holder would not maintain the opposing plates
perfectly parallel, which is necedsary in order to
optimize transverse alignment of. the fiber pairs, and
also affects fiber deformation. i
Another problem with sé@éral of the foregoing
35 splicing devices is that they used rigid substrates to
clamp the fibers.. There are several disadvantages to the
use of rigid substrates. First ogﬁall, it is generally
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fusion wel di ng, r@[‘ilié'sﬁe%ﬁﬁshaetnkemzhdfl ber be placed in a groove of a
' ooves. Best fit averaging is used to

I d substrate having s
gn the {¥doi/08ed3 S anm arc is created, nelting
s and p‘é‘:é)ranently fus her. The primary, and V%ﬁ/ﬁéﬁ%‘]ﬁ

significant, limtation of fusion splicing is the great expense of the
fusi on wel ders. Fusion wel di ng |s al so tin®=consum ng, and precludes | ater
fiber renmoval or repositioning. Anot her conmmon nul tiple splicing

t echni que requmese diLfisaldy teyfosiw groqued rina ¥ igishmatenialor sucly
that has a pl upgl b? e@c&&@)v%ﬂﬂﬁrﬁ br dE¥siVFRMMIMicH Trdreaded ent No.
4,028, 162, a phg%%faeﬁurlng cost. Rigid substrates must also be
handled more carefully since tpey are brittle and thus
5 easily damaged. Most importan?ig, the use of a rigid
substrate having grooves thereiﬁ-results in poor
- alignment of the fiber pairs (eeﬁwell as unnecessary
fiber deformation), leading to higher insertion loss.
These problems are compounded in stacked configurations

10 such as those shown in U.S. Patent Nos. 3,864,018,

These difficulties may be avoided by the use of

a substrate which is malleable, elastomeric or ductile.
Unfortunately, however, the use. of such materials has not

15 been fully appreciated nor implemented. For example,
U.S. Patent No. 4,046,454 teaches that the rigid V-
grooves may be lined with a ductile material. This
complicates the manufacturing precess, however, and adds
significant cost. 1In U.S. Patent No. 4,102,561, the

20 splice device utilizes two alignment members formed of a
resilient material which may deform against the fiber
surfaces. That spllce, however, ‘requires the attachment
of two subassemblies prior to lneertion of the fibers
into the alignment members, andlfprther uses about a

’ 25 dozen clamps and bolts, making ﬁhe device very difficult
to use in the field (similar problems apply to the device
illustrated in U.S. Patent No. 4, 045 121). The primary
clamping action directly at the ﬁ;ber interface also
causes deformation of the fiber féSulting in more signal

30 loss than if there were a more gradual clamping toward
the interface. This problem also. epplles to other splice
designs, such as that depicted in European Patent
Application No. 88303777.2, which further suffers from
the non-uniform application of clamplng forces to

35 AQdifferent fibers.

In light of the foregoihg, it would be

desirable and advantageous to deviSe a high performance

* 4,046,454 and 4,865,413,
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fibers are first aligned on a plastic substrate having fiber aligning

and then a cover plate is applied over the fibers and the

< Sulfstrate,
substrate.
|l osed in U S. Patent No. 4,029,390 and Japanese Patent Appllcatlon

ai) No. 58-158621. The use of adhesived4=is generally undesirable since
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A%ey plate having means to chemically adhere t
Adhesi ves ar’e al so used in the optical fiber chn%§%VIC

splice device for multiple optical fibers which does not
reguire fusién_welding, or adhesives and polishing. The
device shouid provide a uniform clamping force to each of
the fibers,uend provide gradual clamping to minimize
undesirable deformations such as microbending at the
clamp transi;ion. The cleave length of the fibers should
not be critiéél, and means should be provided to optimize
fiber aliénﬁeat, including the use of ductile clamping
surfaces. ?;nally, the splice should be simple to use,
especially fe?'field installation.

umma o e ventio
The foregoing objectives are achieved in a
device for sp11c1nq multiple optical fibers comprising a

splice element, a body surrounding the splice element,

and a wedge pggviding uniform, transverse clamping of the
fibers in the;eplice element. The body may be comprised
of a jacket portion and a cap portion which interlock to
hold the spliée element. The splice element is
preferably formed of a ductile material, and is hinged to
define two plates, one plate having a series of parallel
V-grooves, and the plates being folded together prior to
actuation by the wedge. Stop pads are 1nterposed between
the plates to ;nsure gradual clamping when the wedge is
forcibly urgegiagainst the plates or against a tongue
which is integéqsed between the plates and the wedge.

The splice e;egent may further have an extension or
porch, with'eﬂiemp to facilitate insertion of the fibers
into the splice element.

A stacked splice element may be provided in the
body having more than two plates, e.g., a three-plate
stack accommodeting two layers of fiber splices. Special
guides positiehed at each end of the plates may be used
to direct soﬁeFfjbers upward to one splice layer and
others downward to the other layer. End covers are
provided to protect the splice element and exposed

fibers, and to provxde an environmental seal. -

.
: .

eet Has Been Reﬁaced

\\||\l\\ THARIK



r step to the spI|C|n process and may introduce contam nants to the
~interfaces. Sth #g adhesi ves al so require extensive

hi ng ﬁﬁ)gjmnuhaber chieve acceptable |ight tpenaRs2ideIso

uire the use of a vacuumunit to

ve trapped air. The 390 patent represents an inprovenent
overf earlier nultiple splice devices in tH®~it utilizes a fol dabl e hol der
havifjng a serieg of \horooves .on b%th sides qf a central hinge region. The
nmet Hod of att a€RrH F 5 FeRoder—Frowever, presents additional
proll ens not present in mleJ mwe&plfleemda raﬁd copd ofsithee Mmﬁ:i\cm S

[T bdr s “becomss2Becprl: carth 4" R dBpented 21 ing dhvertde? 0, 1"
avoiyd any of f sktself,hbowever,emdllabest hie cimdemstobdie by reference to
5 the accompanying drawings, wherein:
Figure 1 is a perspective view of the multiple
optical splice device of the present invention;
Figure 2 is an exploded perspective view of the
splice device of the present invention;

10 Figure 3 is a perspective view of the splice
element used in the multiple fiber splice device of the
present invention, in its unfolded state;

Figure 4 is an enlarged sectional perspective
of one end of the splice element of Figure 3 showing the

15 porch and ramp; ' |

Figure 5 is a sectional perspective view of the
fully assembled splice device oflthe present invention;

Figure 6 is a sectional elevation of an
alternative end cover used with the splice device of the

20 present invention, having a compartment therein for index
matching gel; and

Figure 7 is a perspective view of the stacked
splice embodiment of the present invention.

s 25 ription of the fe xe bodimen
With reference now to the figures, and in
particular with reference to Figure 1, there is depicted
the multiple optical fiber splice ‘device 10 of the
present invention. Although the term “connector" may be
30 applied to splice 10, that term is usually reserved for
devices which are intended to provide easy connection and
disconnection, as opposed'to a splice which is usually
considered permanent. Nevertheleée, the term "splice"
should not be construed in a limiting sense since splice
5 10 can indeed allow removal of the fibers, as explained
further below. B
with further reference ﬁb Figure 2, splice 10

=



|y detrinental--to-splicée performance. Secondly, it is critical that
opposi ng V- gr ooves. Be..QieBéh Regiicedned, which is unlikely with the hinge

«de@ ct ed wm;ﬂlﬂ&ﬂSQO se, there will be transveprcCERUSILDE730
et resulting in |w
mai ntain the oppos

|l oss. Finally, the '390 hol der would
- rfectly parallel, which is necessary in

r to optimze transverse alignnment of“&he fiber pairs and al so affects

r defornma

[ i 0 t her probl f .t he foregoing
splli cing devi QPQthQtQFH8§agg¥drﬁF F& B§W%§B¥é gﬁgﬁplﬁhe fibers.
There are sevesséndua&ﬁyaabmgessed bheausackktrnglAnduhsbaptes First of

longitudinal actuatlon means 20 for applying pressure to
5 splice element 18.: In the preferred embodiment,
actuation means 20 comprises a wedge 22 having surfaces
defznlng an acute angle, which 1s captured between jacket
14 and cap 16. A tongue 24, whzch is integrally molded
with cap 16, is advantageously 1nterposed between wedge
10 22 and splice element 18 as dlsoussed further below.
Jacket 14 has a longitudinal slot 26, rectangular in
cross-section and-extending thronéh jacket 14, for
receiving a spllce element 18; slot 26 is slightly
shorter than spllce element 18, allowlng both ends of
15 element i8 to extend beyond the ends of slot 26. Jacket
14 also has an integrally molded male coupling element or
projection 28 wh1ch fits within a cavxty 30 formed in cap
16. Projection 28 has two transverse bumps 32 which snap
into recesses airof cap 16, providing a snug fit between
20 jacket 14 and cap 16. )
Jackethll and cap 16 eaon?have extensions 36
and 38, respectively, which receive end covers 40 and 42,
respectively. Extensions 36 andlaswhave recessed
surfaces which support the fibers at the entrance to slot
’ 25 26. End covers 40 and 42 1mpart protectlon to the
spliced fibers and spllce element' & against
environmental 1nfluences. - End cogers 40 and 42 are
attached to extenszons .36 and 38ﬁo:3the jacket and cap,
respectively, by any convenient ﬁ-
30 jaws 44 which snap onto and: rotatably grip trunnions 46.
The side edges 48 of . extensions 3_ “nd 38 are rounded to
allow end covers 40 and 42 to rot?_eion trunnions 46.
End covers 40 and 42 also 1nc1ud:;h:oks forming latches
$0 which snap into notches s2 1nlexten51ons 36 and 38 and
35 securely malntaln the end covers i
position. - '

18, such as arcuate

fa tightly closed

Jackeﬁai?:andjcap'ls degine many overlapping
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B L

t r at eWwOrR3405423 so
easi |y damaged
ves therein result
cessary fiber defornatlon) | eadi ng o i gher insertion |oss.

i0

15

20

25

30

35

nore difficult to formgrooves in a rigid material, such as by
I ng, grinding orTﬁgg@&ggwg&giﬁia&pcreases nanufacturlng cost. Rigid

careful ly since they arep@riusshaersy
the use of a rigid substrate having

nment of the fiber pairs (as well as

surfaces whié¢h impart additional environmental sealing
and further inhibit separation of these two components of
body 12 by, e.g., bending of body 12. For example,
projection 28 has a lower tier 55 which slides under a
canopy 56 formed on cap 16. Cap;lﬁ also includes bosses
58 which fit into recesses (not visible in the Figures)
in the corresponding face of jaCﬁet 14. Projection 28
and cap 16 further have in;linedisurfaces 60 and 62 which
result in a greater contact surface area and make it more
difficult to pop jacket 14 and cap 16 apart by bending
them near their interface.

Turnihg now to Figures 3 and 4, splice element
18 is described in further detail. Splice element 18 may
be formed from a sheet of deformable material, preferably
a ductile metal such as aluminum, although polymeric
materials may also be used. Material selection is
described further below. dertain;features are embossed,
coined, stamped, molded or milled into element 18. First
of all, a groove 70 is formed on the outside surface 72
of element 18. Groove 70 forms an: area of reduced
thickness to define a bend line or hinge, and separates
element 18 into two legs or plates 74 and 76 having .
essentially the same width. The hinge is preferably
formed by additionally embossing e;notch 78, opposite
groove 70, on the inside surface 80 of element. This
creates a "focus hinge" which provides more accurate
registration of plates 74 and 76 when they are folded
together, as explained further below. A slot 81 may also
be punched out of element 18 to faeilxtate folding.

In one embodiment of thefbresent invention,
plate 76 has a series of V—shaped grooves 82 embossed on
the inside surface 80 of element 18. V~-grooves 82 are
generally parallel with groeve 70. _Those skilled in the
art will appreciate that thefv-groqﬁes may instead be
formed in plate 74, or in both plafes, and further that
the shape of the grooves is not limited to a "V" cross-
Section. Nevertheless, in the preferred embodiment only



"probl ens are compounded i n stacked configurations such as those shown
. S. Patent Nos. @;864. %ﬁﬁ 40.4+54 and 4, 865, 413. These

ficultie be a iIse of a substrate which is nmall eable,

st omeWP Hg&ctl I am ﬁ E]"H y, however, the use of PCINUREHB6738
not been fully ap ane nplenented. For exanple, U.S. Patent
4,046, 454 teaches that the rigid V- .grooves nay be lined with a ductile

erial. This conplicates the manufacturing process, however, and adds

ni ficant setof the Lbﬁet?ﬁtﬁﬂé dPooved Ognébdin| h@n&ptméeed&yece-utl lizes
b al i gnnent, e

aghi nst the ﬁl?al%rgjglﬁ‘fﬁ%%gae"Tﬂﬁ?ggi)sﬁ:!%ngg%vﬁngt ?eb‘l"?é %rés gf% g(r:hmrrent

of Jtwo subaswemiEr eswipen oa fibbenskstpbaced irlneo!hebefstmeltgardsdmesll agdnent

mefioers,  ang f iRl oy SESr FROY 88 of plate 74, the points of contact

5 betveen eleheﬁt}ih and the fiber generally form an
equilateral triandle which minimizes transverse offset
and thus reduces signal loss in the splice.
Plate 74 is further distinguished from plate 76

“in that plate 74 has extensions or porches 84 which also

10 have grooves Bs_therein, although grooves 86 do not
extend the full length of plate 74. Grooves 86 are also
wider than V-grooves 82 since it is intended that the
portion of the'fibers lying on porches 84 will still have
their buffer coating, but this coating is stripped from

15 the fiber ends which are clamped between plate 74 and V-
grooves 82 (i.e., the buffered portions of the fiber have
a larger diameter than the exposed portions). Grooves 86
are further recessed in surface 80, and are adjacent to
ranps 88 leading up to surface 80, as more clearly seen

20 in Figure 4. Ramps 88 eliminate microbending (which
causes further signal loss) which would result if the
buffered portion_bf the fiber and the exposed portion
were to lie in the same plane. In other words, the
transition from buffered fiber to exposed fiber occurs

25 proximate ramps 8#, .Accordingly, the height of ramps 88
is approximately equal to the thickness of the buffer
surrounding the fiber. Ramps 88 may be formed in porch
areas 84 although they are preferably formed in plate 74
whereby they lie under plate 76 when the plates are

30 folded together. . Rebesses (nét shown) may optionally be
provided in extensions 36 and 38, under porches 84, to
allow the porches to be flexed slightly downward, which
further facllltates 1nsert10n of the flbers into splice
element 18 and reduces petent1a1 skxvxng along grooves

I gs.

&}

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired



.clanps and boIt naklng the device very difficult to use.in the

(simlar proble s lagd\i ce illustrated in U S. Patent No.
I on directly at the fiber PCE/USH206730
resulting in nore signal loss than if

4, 085, 121)WOB3IE05423 nar y
causes deformati onk

theffe were a nore gradual clanping toward t e interface. This problem also

applgies to other splice designs, such as tHat deplcted i n European Patent

Applfi cati on No 2, h fof ¢ t.h Ny far

appl§i cati on of %$g§%§%ZZPorcggb§0e% P%e%éﬁ%ﬂ 1£@m§d with Ve gk gmgﬁﬁ

t he fore90|ng,82twhenlap&eceesﬂeashb andladfadﬁ@geoao noSdGelpeoaerlgh

perflormance positioning of the fibers during: the clamping operation.

Thus, while registration of platgs 74 and 76 is not as

5 critical as with some prior art splice devices (since
there are no V-grooves on plate 74 which directly oppose
V-grooves 82) it is still benefiéial to use the
aforementioned focus hinge in af&er to optimize the
alignment of grooves 82 and 86. .

10 In the stamping process‘which creates splice
element 18, stop pads 90 are also advantageously formed
on both plates 74 and 76 at the corners of the rectangle
defined by the overlap of the plates. These pads are
slightly raised with respect to ﬁhe otherwise flat inside

15 surface 80 offelement i8. 1In this manner, when element
18 is folded as in Figure 1, stoﬁtpads 90 provide a
clearance space between plates 74 and 76, facilitating
insertion of the fibers therebetﬁeen. Alternative
methods of providing'such a cleafance space will become

20 apparent to those skilled in thelart. More importantly,
however, stop pads 90 insure thaﬁé when element 18 is
actuated and oiamps the fibers,_the maximum clamping
force is exerted only along theiééhtral width of element

s 18, and the clamping force gradualiy decreases moving

25 from the center toward the ends of element 18. This
gradual clampxng ‘transition has been found to
significantly reduce signal loss resulting from the
deformation of the fibers, i. €., prior art splice devices
exhibited an abrupt clamping deformatxon which induced

30 higher 1losses.

Assembly and operation. of splice 10 are both
straightforwarq and may best be derstood with reference
to Figure 5. Splice element 18 ig placed in slot 26 in a
folded state; in this state, clearance is still provided

335  py stop pads sb“to allow insertigﬁtof the fibers, so this
may be considered an open state, as opposed to the
Closed, clamping_state. An 1ndex matchxng gel is
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"splice device for muitiple optical fibers which does not require
on wel di ng, or aMh&eHMWc@hl ng. The device should provi de a

fibers, and provide gr | anpi n
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forn1c§ﬁgg rce
m ni m ze un S|rabl such as m crobendi ng at
transition. The cleave eng the fibers should not be critical, and

ins should be provided to. opt|n1ze fibegal i gnment, including the use of

tile clanmping surfaces. Finally, the splice should be sinple to use,
preferably deposxted near the center of element 18.

Wedge 22 is then placed adjacent tongue 24, and jacket 14
is snapped into cap 16, whéreué?n wedge 22 becomes
disposed against another ramp §é;fcrmed in the lower

5 portion of jaéket‘14§ The uppég surface of wedge 22 is
generally parailel with plates 74 and 76, while the lower
surface of wedge 22 is parallel with ramp 92. Tongue 24
is further supported at its distal end by a shelf 94
. formed in the lower portion of jgbket 14, above ramp 92.

10 End covers 40 and 42 may be attaghed to extensions 36 and
38 at any time in the assembly process (although they are
not snapped into the closed posiﬁion until after the
fibers have been spliced). All of the foregoing steps
take place in the factory, and splice 10 is provided to

15 the user in the state shown in Figure 1 (less the fiber
ribbon).

When the user has located the fibers to be
spliced, they should be stripped and cleaved according to
well-known methods. In this regérd, splice 10 may be

20 used to splice the fiber ribbons: 963 and 96 shown in
Figure 1, or may be used to splice a plurality of
individual, d;screte fibers. Such discrete fibers may be
more conveniently handled by firéﬁ arranging them side-
by-side and applying a piece of.tépe or other means to

25 effectively create a fiber ribbpq{  If fiber ribbon is
being spliced, the outer coating’ﬁﬁich surrounds the
individual buffered fibers shouldiilso be removed.

Once the fibers or ribﬁﬁﬁs have been inserted
into body 12, splice 10 may be acﬁgated by longitudinally

30 sliding wedge 22 toward jacket 143} In this regard, the
term "longitudinal" refers to movement parallel with the
fibers and grooves 82. The sllding action may be
accomplished by 51mply using a screwdr1ver or other tool
to push wedge 22 forward. The screwdrlver may be applied

35  to the cutout 98 formed in wedge zg, As wedge 22 moves
forward onto ramp 92, it causes tongue 24 to press
against the outer_gﬁrface of platef?l, clamping the

[P




!I y for field’instalttation. Sunmary of the Invention The
f olfegoi ng obj ectives apgg 'e¥pdlzn a device for splicing nultiple optical
. fibers coRpni9srosg2 spIH ' [ﬁﬁ 6ody surroundi ng the splpcaeusHE 60,

and a wedge providing u erse clanping of the fibers in the
splice elenent. The bod¥ rised of a jacket portion and a cap
portion which interl:ock to hol d t he spllceleenent The spllce elenent S

preferably for of a ductile material, and is hing eg o defi
pl ates, one plfraT’tElég‘F%vl??lﬁ"%egeP?'%Ee%ﬂﬁa?ﬁﬁlEf V- fheoyedthaag FHE‘?BPa?és
bei ng fol ded timapmropinately aguadttonthy wvidthedgeplsStep padsandr e.

| nterposed betyeely dOGLIa §504Q, ' £RE" E1ERFING' £5L8IR' §PadliET 14 NE Vedae 1S

decreases towards the ends of splice element 18 due to

5 stop pads 90. This effeét may_be enhanced by making the
lengths of wedge 22 and tongue 24 shorter than the length
of plates 74 and 76 so thet the clamping force is applied
primarily at the center of spliée element 18, and not at
its ends. 1In the preferred embéﬁiment, the length of

10 that portion of wedge 22 contacting tongue 24 is about
one-half the length of plate 76. The use of tongue 24
also prevents undue defermation of plate 74 which might
otherwise occur if wedge 22 were to contact splice
element 18 dQirectly. Wedge 22 provides excellent

15 mechanical adVantages, including}high transmission of
forces, and the uniform application of force parallel to
plates 74 and 76. Also, due to the coefficient of
friction of the materials used fdr jacket 14, wedge 22
and tongue 24, actuation means 20 (i.e., wedge 22) is

20 self-locking, provided it has an angle of less than about
9°. The preferred angle is about 5°. Simplicity in the
use of splice ;O_is evident from_e summary of the above
steps: stripping and cleaving the fibers, inserting them
into body 12, and sliding wedge 2? forward. A double

25 wedge (not shown) may be used in iieu of single wedge 22.

After the splice is completed end covers 40
and 42 may be moved to the closed; latched position to
provide env;ronmental sealing and protect the exposed
fibers. In this regard legs 100 of the end covers,

30 which rest on stage areas 102 of gorches 84, help keep
the fiber ribbon aligned with splgge body 12, i.e., they
oppose sideways bending of the rikpon proximate the
entrance to slot 26. Legs ibo aléb provide additional
sealing of slot 26 since they are p051t10ned at the sides

35 thereof. Although not designed for disconnection and
reconnection, spl;pe 10 may allow_;emoval of fibers by
simply opening ehdgcovers 40 and*siiding wedge 22 backward.




|ny ur ged agalnst th pﬁé&gammalagalnst a tongue which i's interposed

ween t he plates he splice el ement may further have an
. eXtensi qvogalmnh faC| litate insertion of pog/iisdRe6730Nt O
the splice el enment. acked splice element may be provided in

t he body havi ng nore than t wo plates e.g., a‘three-plate stack
accommodating two |ayers of fiber splicﬁ%z‘ Speci al gui des positioned at

bl co | ayer and’of her SSUNTRICI 10 EHE BRFEF LALGeRaY RASERACIE o
provi ded to qurgEnict ien sef | sl ddeneol aspllsaeoebdménbexs mayncoé O pr ovi de
an enV|romn%gﬁgt£§§%ed from a variety of ductile metals, such as
soft aluminum. The preferred megq; is an aluminum alloy
5 conventionally known as "3003," héving a-temper of 0 and
a hardness on the Brinnell scale_iBHN) of between 23 and
32. Another acceptable alloy is referred to as "1100,"
and has a temper of 0, Hl4 or Hls{i Acceptable tensile
strengths vary from 35 to 115 mégé?ascals.
10 Other metals and alloyéliér laminates thereof,
may be used in the construction oifSplice element 18.
Such metals include copper, tin,'@ipc, lead, indium, gold
and alloys thereof. It may be desi:able to provide a
transparent splicing element to fééilitate the splicing
15 operation. 1In such a case, a cleatapolymeric material
may be used. Suitable polymers inglude polyethylene
terephthalate, polyethylene terephthalate glycol,
acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyetherlmide, polyvinylidene
20 fluoride, polysulfone, and copolyesters such as Vivak (a
trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts).
As an alternative to providing a splice element
constructed of a deformable material, it may instead be
25 formed of a more rigid material prqyided that V-grooves
82 and/or surface 80 are lined withnézdeformable
material. The primary requisite isrfb provide a material
which is softer than the glass coméfiSing the optical
fiber and cladding, and which is ductile under the
30 clamping pressures applied to the opt;cal fiber. 1It is
also desirable that the material beiglastlc at low stress
i levels to afford sufficient'elasticiﬁy to maintain a
continual compressive force on the opt1ca1 fibers once
" plates 74 and 76 have been brought together.
35 Furthermore, a coating may be applled to the ductile
material to reduce skiving of the maggrial as the fiber
is inserted. For example, a diamondéiiké carbon coating




' v Lok i The novel features and_
(> T Brief Descriptiomushétti Pea glﬁ?’l t he appended clains. The invention
scope of tWe 9IPERS onbaml '

' od by reference to_the i_
o ngs Cuberei 3@@5% ﬂoi S ayperspect ive view OW‘FP&‘ e

. AN [ Lon; Figure 2 is an
ggsrtggséplice device of the present |nvegahgn, g

d perspective view of the
expl oded p IE)hav_ing a thickness in the range of 0.1 to 0.4 um may be

applied to surface 80 of splice element 18 by vapor
deposition.
Splice body 12 may alsdfpe constructed of a

5 variety of materials, basically any durable material and
Preferably one that is injection héldable, although die
cast metals are acceptable. The material should not be
too rigid as it is desirable to allow the inner walils
forming slot 26 to flex slidhtly to store excess clamping

10 forces from wedge 22 in order to insure constant clamping
force on the fibers during temperature cycling.

Injection moldable materials incl@de liquid crystal
polymer, such as that sold under the trademark VECTRA
Al130 by Hoechst Celanese Corp. of Summit, New Jersey.

15 The dimensions of splice 10 may vary widely
according to the desired application. The following
(approximate) dimensions, for the preferred embodiment,
are exemplary only and should not be construed in a
limiting sense. The overall length of splice 10 is 38

20 mm, its height 6.7 mm and its width 13 mm. The length of
the main portion of jacket 14 is 14 mm, while projection

] 28 is about 7.1 mm long and 9.7 mm wide. Cap 14 is 7.6
-mm long, and extensions 36 and 38 are each 8.3 mm long.
Wedge 22 has an overall length of 14 mm, but the length
s 25 of the portion contacting tongue 24 is 10 mm. The width
of wedge 22 is 6.5 mm, while its maximum thickness is 1.s
mm and its minimum thickness is 0.7§fﬁm.
. With respect to splice elé@gnt 18, several of
the following approximate dimensioﬁsgare based on the
30 size of conventional multiple fiber fibbon cables. The
length of plate 74 (including porcnes'84) is 28 mm, while
the length of plate 76 is 20 mm. Béth plates have a
thickness of s30 km, and stop pad5’§§¥rise 18 um above
surface 80. V-grooves 82, preferab@j;spaced 250 um
35 apart, are 130 pm deep and have a maximum width of 180
Kkm. Grooves 86, which are approximéi@ly trapezoidal in
‘the preferred embodiment, also have;égmaximum width of




e device of the present |nvent|on Figure 3 is a perspective

Vi of the splice elﬂmahw nultlple fiber splice device of the
pr&sent | RE9si0B423 i N ‘“u m ﬂ Figure 4 pér ﬂ& E‘kqwed
sedt i onal perspectlve he spllce el enment of Figure

thd porch and ranp; Figure 5 is a sectional perspective view of
thd fully assenbl ed splice device of thehdesent invention;

ure 6 is a sectional elevation of an alternatlve end cover used with the

spifi ce device 10 #¥e ANS DI (Wt RE Ag % Aomddd AR X8l n for
X matchi n@ie@y., Fahp 88 descerddWso S la.dl‘%rwtulpvér\“ﬁw@ce@e

ked spli e eOlVE s artd' S 8% 558 Brdn Sl oY so.
Two alternative embodiments and design
5 modificatioﬁs'are shown in Figures 6 and 7. Figure 6
illustrates a modified end cover_42' which may be used on
both jacket.extension 36 and cap extension 38. End cover
42’ is used to provide additional environmental sealing,
by means of a compartﬁent 104 defined by a wall 106 which
10 is attached to the inner surface of cover 42’ by a living
hinge 108. As end cover 42’ is closed, wall 106 contacts
extension 38, causing wall 106 to compress a sealant
material, which may include index matching gel, residing
in compartmenﬁ 106. Wall 106 has channels 110 therein
15 which allow the sealant to escapé-from compartment 104,
and flow in and around the entrance to slot 26. A web
112 is preferably integrally formed-with wall 106,
extending into compartment 104, which assures that
sealant will be directed out of channels 110 when cover
20 42’ is closed, and also provides resistance against such
closure to prevent accidental’ leakage of the sealant.
Figure 7 depicts a stacked splice device 10’
which utilizes a splice element 18’ having two layers of
splices. Stacked splice element 18’ may be formed of
25 three separate elements, but it is preferably constructed
of a single element having two integral hinges, folded
into a Zz-shape (accordion-fold). TIhjthis manner, the
three sections of the sheet definedéby the hinges result
in three different plates 114, 1157$nd 116. It is not
30 necessary that the two splice 1ayers formed thereby be
parallel, but this is preferred to' 51mp11fy the wedge
actuation. An alternative construe;ion would provide a
single sheet of material having twb'barallel hinges
separated by a small distance, e. Gy 50 gm, forming the
35 upper and lower plates, with a third plate inserted
therebetween. A plug 118 having two sets of orifices 124
is advantageously used to guide a first set of fibers,




!ption of the Preferred Enbodi nent Wth reference now to the
figures, and in particular with reference to Figure 1, there is depicted

, the mul tiwom3yes428al fiber splice device 10 of the present inpeniisdn/os730
Al t hough the term "connector” nmay be applied to splice 10, that termis

usual ly reserved for devices which are intended to provide easy connection
and di sconnection, as opposed to a splicebﬁﬁ<ﬂ1is usual Iy consi dered
per manent . hbvertheless the term "splice" should not be construed in a

limting sensd-&-nc&VeEl| OEher EdPemdaRyands ke She AR SRHES i1pstar . as
expl ai ned furahar thel @¢maining fibedls durivdiRis ' RN WOt isplice.,

splice 10 layer. Guide plug 118 has grooves 120 formed in a porch
area 122 thereof, similar to porch 84 of element 18;

5 grooves 120 help align the fibers with orifices 124. Of
course, the use of an accordion fold and guide plug could
be expanded to splice elements'having more than two
splice layers. .

Although the invention has been described with

10 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
15 the description of the invention. For example, a
multiple fiber splice device may be constructed to allow
separate termination of each fiber set by providing two
actuation wedges, one at each end of splice body 12; this
would allow the pretermination of one fiber set in the
20 clamped state. 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.

.- This Sheet Has Been Ileﬁaced
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splice e

i sed of a jacket 1
eenent 18 and | ongi t ud

ptice 10 also includes a splice
ahs 20 for applying pressure to
In the preferred enbodi nent, actuati on neBEE/USP2/06730

B i ncludes a general“ rectan&ular body 12 which is essentially

conprises a wedge 22 having surfaces defining an acute angle, which is
captured between jacket 14 and cap 16. Ajtgangue 24, which is integrally

nol ded

10

15

20

25

30

35

I claim:

1. An element for splicing a first plurality of
optical fibers to a second plurality of optical fibers,
the element comprising:

first and second platé members forming a pair
of opposing surfaces, at least one of said opposing
surfaces of said first and second plate members having a
plurality of fiber receiving grooves therein; and

first and second porch members attached to
first and second ends, respectively, of said first plate
member, said first and second porch members extending
beyond first and second ends of said second plate member,
respectively, said first and secohd porch members having
surfaces which have guide grooves formed therein, said
guidé grooves being aligned with said fiber receiving
grooves., |

2. The element of Claim 1 wherein said first
and second plate members are formed from a single sheet
of ductile material having a fold line therein forming a
hinge.

3. The element of Claim 1 wherein said opposing
surfaces are formed of a ductile material.

4. The element of Claim 1 wherein said fiber
receiving grooves are formed in said opposing surface of
said second plate member. _

5. The element of Claim 1 for use with fibers
having a buffered portion and an exposed portion, wherein
said first and second ends of said first plate member
include ramp means for supporting the fibers proximate a
transition between the buffered and exposed portions of .
the fibers, said guide grooves being adjacent said ramp
means. o

6. The element of Claim 1 wherein at least one
of said first and second plate members includes means
providing a clearance space between said opposing
surfaces at said first and second ends of said first and

second plate members. =
This Sheet Has Been R
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ap 16, is advantageously interposed between wedge 22 and splice
nt 18 as discussed further below Jacket 14 has a | ongitudinal slot

) 'rect ang,w -03. fp3Cr 0Ss-sect i on and extending through jacket '
" receiving spilceselenent,18; slot 26 is slightly shorter thaﬁéggk§QQM7y)

el enent 18, allow ng both ends of elenent 18 to extend beyond the ends of
slot 26. Jacket 14 also has an integrallyimel ded mal e coupling el enent or
projection 28 which fits within a cavity 30 formed in cap 16. Projection 28
has two transverse bunps732mhe<diemen$|Qﬂn£MEWE§sévrhheﬁ aompriiging a

providing a snyg gl JHeluecR ?dgé%e@ﬁd 23R \:/E%condwﬁn Late e mEieRt, 14 and

cap 16 each have extensions;: respecti recel ve ‘end
covers 40 and ﬂQrmrl@gp@ctsieﬁé’lnﬁ PE)@-trelﬁ’s‘-l &PPQ?G-%@W rate S8 aces

whi ch support  plge shijlelstr#aded® iWigaddC @elcond Pair having a second
5 plurality of -fiber receiving grooves therein.

8. The element of Cli m 5 wherein the buffered
portions of the fibers have a buffer coating of known
thickness, and'

sald first and second porch members are

10 integrally formed with said fxrst and second ends of said
first plate member, respectxvely,

saig.guide grooves are recessed in said
surfaces of e§§d'porch members}_and

safé ramp means compriges a ramped surface

15 extending from said recessed guide grooves to said
opposing surface of said first plate member, said ramped
surface havzng a height which is approxlmately equal to
the thickness of the buffer caatzng.

—-——’J-—*’—* .o Sheet Has Been Re laced
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End covers 40 and 42 inpart protection to the spliced fibers and splice

ment 18 agalnsﬂh lacedif | uences. End covers 40 and 42 are
ttach nS| of the jacket and cap, | by
ny coﬁ‘gg re uate jaws 44 which snap oﬁ%& Qﬁgfjpgpgt ably

grip trunnions 46 The si de edges 48 of extensions 36 and 38 are rounded to
all ow end covers 40 and 42 to rotate omig+unnions 46. End covers 40 and 42
al so i nclude hooks form ng | atches 50 which snap into notches 52 in
extensi ons 36 and 38 andAscelLeméntnfiont aphithageadfipser plupaditiygbtly

cl osed pOSiéﬁfqbal fibers t&agkgec&édaﬁgufgﬁi&9 Q?fEBEiEETVfQESEL?ppi“Q
the element comprising:
first and second plate ﬁembers forming a pair
5 of opposing surfaces each having first and second ends,
at least one of said surfaces haviyg a plurality of fiber
receiving grooves therein; and
clearance means for providing a space between
said opposing surfaces at said firet and second ends
10 thereof whereby, when said opposing surfaces are clamped
toward one another, a higher clamping force is applied at
a center of the element than at saiﬂ first and second
ends thereof.
10. The element of Claim 9 wherein said first
15 and second plate members are formed from a single sheet
of ductile material having a fold iine therein forming a
hinge. |
11. The element of Claim 9 wherein said
clearance means comprises a pluralitg of pads attached to
20 said opposing surface of said first plate member at said
first and second ends thereof. |
12. The element of Claim 9 intended for use
with fibers having a buffered portzon, the element
further including a porch area having ramp means for
25 receiving the buffered portion of the:fibers, said ramp
means including guide grooves which are generally aligned
- with said splice grooves. o
13. The element of Claim 9 further comprising a
third plate member adjacent said secgnd plate member,
30 forming a second pair of opposing sﬁrﬁeces, at least one
of said surfaces in said second pairiﬁeving a second
plurality of fiber receiving grooves_ﬁﬁerein.

14. The element of Claim 11 wherein said first
plate member has a generally rectangular shape defining
four corners, and said opposing surface of said first
plate member has four pads integrally formed thereon, one
pad at each of said corners.

mawun
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"faces whi ch inpart additional I ronmental sealing and further
i nhitbi t separation of th?B ﬂu ﬂﬂ H &ENS of body 12 by, e.g., bending of
. body 12. {ay93/034238 €, a; | ower tier 54 whi chp@rygggzz/y&mr
a canopy 56 fornmed on cap 16. p 16 al so:includes bosses 58 which fit

into recesses (not visible in the Figures) in the corresponding face of
jacket 14. Projection 28 and cap 16 furt™®have inclined surfaces 60 and

62 which
15. An element for splicing a first plurality

. of optical fibers to a second plurality of optical
fibers, the element comprisingé
' first and second plate members, defining a
5 first pair of opposing surfaces, both of said surfaces of
said first pair being ductile and at least one of said
surfaces of said first pair having a first plurality of
fiber receiving grooves therein; and

a third plate member, said second and third

10 plate members defining a secondupair of opposing _
surfaces, both of said surfaces of said second pair being
ductile and at least one of said surfaces of said second
pair having a second plurality of fiber receiving grooves
therein, and at leas;'two of said first, second and third

15 plate members being formed from a single sheet of ductile
material having a fold line forming a hinge.

16. The element of Claim 15 further comprising
means for guiding a first set of the first plurality of
optical fibers to said first plurality of fiber receiving

20 grooves and for guiding a second set of the first
plurality of optical fibers to said second plurality of
fiber receiving grooves.

17. The element of Claim 15 wherein said first,

S second and third plate members are all formed from a

25 single sheet of ductile material, said sheet having two
fold lines forming hinges and belng folded in a Z-shape.
18. The element of Claim 15 wherein said first
plate member has first and second ends, and includes
means providihg a clearance spacejpetween said first pair

30 of opposing surfaces at said firetrand second ends.

19. The element of Claim 16 wherein said
guiding means comprises a plug adjacent a first end of
said first, second and third platé’members, said plug

i having a first set of orifices dzrected toward said first
s plurallty of fiber receiving grooves, and a second set of
orifices directed toward said second plurallty of fiber

rece1v1ng grooves.
This Sheet Has Been Re{ill
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In a greater contact surface area and make it nore difficult to pop
et 14 and cap 16 apart by bending themnear their interface.

Turni ng nggggngggures 3 and 4, splice elenent 18 is descri b%f/qgﬁfdﬁbﬁ
i I

detail. Ice elenent 18 nmay be fornmed froma sheet of defor

mat eri al , preferably a ductile metal such as al umi num although polyneric
naterials may al so be used. Material sel e@®on is described further bel ow.
Certain features are enbossed coi ned, stanped, ,nolded .or mlled_into

element 18. First of al 120-a2% GdEReRt fon SRMWFINY @nd iTatsipdurakityce 72
of element 18of GpRAEA I itRLE tan Rl dHd pAdread tyhiozkoptidaq define a

76 havi ng_ oss DRy 6 AAMENR FATPTHRLM nge |5 pref erably formed by
additional ly enbossi ng a rfdrsit a&nenamxyinectangular plate having
5 first and second ends, and four corners, and further
having ramped surfaces at said fzrst and second ends;

first and second porches attached to and
integral with said first and second ends, respectively,
of said first plate, said porches having a plurality of

10 recessed guide grooves immediately adjacent said ramped
surfaces;

a second generally rectangular plate
approximately equal in size to said first plate, said
first and second plates being formed from a single sheet

15 of ductile material having a fold line forming a hinge,
said first and second plates being folded toward one
another, defining an opposing surface of said second
plate, said opposing surface havipg a plurality of fiber
receiving grooves therein, aligneh with said guide

20 grooves in said porches and generally parallel with said
fold line; and

at least four pads integrally formed on said
first plate, one pad at each of said corners.

B L
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on the inside surface 80 of elenent. This creates a "focus

‘whi ch provides nore accurate registration of plates 74 and 76 when
re foWee/084p3t her, as explained further below. A slot 81 may al so
be punched out of elenment 18 to facilitate folding. | PCTAUS92/06730
enbodi mrent of the present invention, plate 76 has a series of V-shaped
grooves 82 enbossed on the inside surface 80, 0of ele t 18. V-grooves 82
are generally parallel with groove Ad3 Thosg \| Led@&@ n the art wll '
appreciate that the V-grooves may instead PeNoNed g plate 74, or in both
plates, and further that the shape of the¥yrd K\ i S not Iigtecbto a"v
cross- section. Nevertheless, in the preferred eyt only

SUBSTITUTE SHEET



- 8- ! of the plates has grooves therein, and these are V- shaped having
an interior angle of about 60[err]. In this manner, when a fiber is placed
i‘n one of theWPWd0%e23and cl anped by surface 80 of plate 74, the points of
contact between elenent 18 and the fiber generally forman equil I

v Bsamsro

triangle which mnimzes transverse offset and thus reduces sign
the splice. Plate 74 is further distinguished fromplate 76

2/3

18

76

86

Flg. 4
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- t plate 74 has extensions or porches 84 which al so have grooves 86
i n,. although grooves 86 do not extend the full length of plate 74.
G opves 8?@9@/@@ wi der than V-grooves 82 since it is intengeg/isniodrse
. of the

portion fibers lying on porches 84 will still have their buffer
coating, but this coating is stripped fromthe fiber ends which are cl anped
between plate 74 and V- grooves 82 (i.e.4,nt he buffered portions of the

fi ber have a | arger dianmeter than the eﬁygsed portions). Grooves 86 aré2
further recessed in surface 2@, and are adjacent to ranps 88 | eaetNg B
surface 80, as nore clearly nin Figure 4. Ranpg 88 el imzHate

m cr obendi ng (whi ch causes fur&sr‘signal | psS) whigh el gV ;
buffered portion of the fiber an he expos s o

sane plane. In other words, the transitio
fiber occurs
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| mat e rampERP2 REAWhgty, the height of ranps 88 is apgpoxbgat

al .to the tf"%ﬂﬂﬁ%%f%ﬁ“% PR MEGr r8@ANdi ng t he Tiber——Rar 528?%%§

bd fornmed in pdt¥Eh Beeas Ba24) tFBugh they 22 pr efleis Sibiyf grLnepd in plate 74
wher,eby they |lie under plate 76 when the pl ates ar g e

Recesses (not shown) may optionally be provided inj and 38,
under porches 84, to allow the porches to be flexed's war d,
whi ch further Pgﬁ#higates insertion of the fibers into splice elenent 18
and reduces po gP ski ving al ong grooves 86. - . The nunber of

V-grooves 82 and 86 in spil.i &n element or spldciag @ fdeséngilngalday tofe
desired optical fibers to a second plurality of optical fibers,
the element comprising:

5 first and second plate members forming a pair
of opposing surfaces, at least one of said opposing
surfaces of said first and second plate members having a
plurality of fiber receiving grooves therein; and

first and second porch members attached to
10 first and second ends, respectively, of said first plate
‘member, said first and second porch members extending
beyond first and second ends of said second plate member,
respectively, said first and second porch members having
surfaces which have guide grooves formed therein, said
15 guide grooves being aligned with said fiber receiving
grooves.

2. The element of Claim 1 wherein said first
and sec9nd plate members are formed from a single sheet
of ductile material having a fold line therein forming a
20 hinge.
’ 3. The element of Claim 1 or 2 for use with fibers
having a buffered portion and an exposed portion, wherein
said first and second ends of said first plate nmember
include ramp means for supporting the fibers proximate a
* 25 transition between the buffered and exposed portions of
the fibers, said guide grooves being adjacent said ramp

means. |

4. The element of any of Claims 1 to 3 wherein at least one
of said first and second plate members includes means
providing a clearance space between said opposing
surfaces at said first and second ends of said first and
second plate members.

S. The element of Claim 3 wherein the buffered
portions of the fibers have a buffer coating of known
thickness, and:

said first and second porch members are
integrally formed with said first and second ends of said

* - C 'S N s 4o




| application. Gooves 86 should be aligned with V-grooves 82 when
‘ice element 18 is folded, to insure proper positioning of the fibers

. dQring the cl anping operation. Thus, while reglstraﬁhggmghﬁgbgﬁgglggdand 76
Is not as critical as with sone prior art splice deV|s re are
no V-grooves on plate 74 which directly %g pose V-grooHM“% MEWMSU |1
beneficial to use the aforenmentioned focl hlnge in-o ze the
first plate member, respectively;
said guide grooves areflecessed in said
surfaces of said porch members; and
said ramp means comprises a ramped surface
5 extending from said recessed-guideigrooves to said
opposing surface of said first pl Ee member, said ramped
surface having a height which 1sia'proximate1y equal to
the thickness of the buffer coating.
6. An element for splic ng”a first plurality of
10 optical fibers to a second plurali'yfof optical fibers,
the element comprising: f :
first and second plate members forming a pair
of opposing surfaces each having first and second ends,
~at least one of said surfaces havigg-a plurality of fiber
15 receiving grooves therein; and B
clearance means for providing a space between
said opposing surfaces at said firf;?and second ends
thereof whereby, when said opposlngjsurfaces are clamped
toward one another, a higher clampi@gnforce is applied at
20 a center of the element than at saiéifirst and second .
ends thereof. o
7. The element of Claim 6 wherein said
clearance means comprises a plurality_of pads attached to
said opposing surface of said first plate member at said
25 first and second ends thereof. .
8. The element of Claim 6': or 7 intended for use with
fibers having a buffered portion, thefelement further
including a porch area having ramp' means for receiving
-the buffered portion of the fibers,- said ramp means
including guide grooves which are generally aligned with
said splice grooves.
9. The element ofamw'ofcﬂadns 6. to: 8 further camprising a
third plate member adjacent said second plate member,
forming a second pair of opposing surfaces, at least one
of said surfaces in said second pair 'Iv1ng a second
plurality of fiber receiving grooves therein.
10. The element of Claim 7 ﬁherein said first

R N N




amnt of grooves 82 and 86. In the stanping process which
creates splice elenent 18, stop pads 90 are al so advantageously fornmed on
both plates 74 and 76 at the corners of the rectangle defined by the
overlap of the plates. These pads are slightly raised with respect to the.
otherw se flat inside surface 80 of elenent 18. In this manner, when
elenent 18 is folldgd as in Figure 1, stop patS 90 provide a clearance space
bet ween pl at es Pdafiedmémberagialsi haly j tion of the fibers

t herebet ween.  Ahhpr Egghgg .meth ds%ﬁgﬁﬁé dil'ﬁ&\t?ﬂimlérclmueﬁmqgw |
becone apparent fo those skrl PB Fﬂ-’-@hQpnpsingl\lbuefia@gogfagglﬂg, £ ver,
stop pads 90 irﬁ%ﬁﬁetnambemhhasefeﬁgnbaag i gg}# aed and clanps \t%%
fibers, the nmpaaag! hngs f é??% i's _'exerte& n 3 ¥ &Rgmedctbeneoal, windt h
of elenment 18, and the clanpi n% rE8XBeE8ual | y decreases novi ng

\\

oy
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t 18.
nter toward the ends of el enen
?oﬁehas been.found to significantly reduce signal

of the fibers,
fron1t gddgaoggﬁhp?nclanplng defornatlon whi ch i nduced hi gher

Thi's gradual cl anping
| oss resulting

prior art splice devices

o | osses.

Assenbjy and operatiion of splice 10 are both straightforward and nmay best

be undgerstood with.:
6 in a fol
st op pads 90 to

open state, as 0

Sptice elenent 18 is placed in

) 5
fetence to L oure clearance s still provided by

rnSEK!Po; A urey be consi dered ar
dftoAtﬁéVGbesédr sba&aﬁng ghqkqplénobgq%élw%t @rgg ge

“dne udes ‘a’ novel splice element . having two plates formed
. 1a'sheet of ductile material there being a fold line
2! e *'et forming a hinge, the two plates being folded
. tow > e another to define opposing surfaces. One of
ithe poshng surfaces has several fiber receiving grooves
;tﬁ in, parallel with the fold line, and the other
Zsur'ice ‘has ramps at each end to support the fibers
;prokimate_the transition from their buffered portions to
7th :trlpped portions. The ramps are adjacent porches
-which re'integrally formed with One of the plates, the
aporohes hav1ng additional grooves for aligning the fibers
sfiber receiving grooves.. Stop pads are provided
on both oppos1ng surfaces, at the .corners of the plates,
~toﬁ nsur¥ia’clearance space at the ends of the plates
which: rovides for more gradual clamping of the fibers,
reduc1ng 1nsert10n loss.
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deposited near the center of elene
pl aced’,a haeent I3

PURLG

4o qnd IaCKg“!14 S snapped

wedge 22{be ed”éggﬁns “Afotiher ramp 92 forF §
portion of’ et 14 S The uﬁﬁ@? surface of wedde 2% i fi 1 B
with plates 74 4nd 7B it € ERE Y oner| stad ace of | wedge 22 i s 'ﬁa;ralﬁ‘ep \fwth-.. ]
92. 1 Tohgite 24°Fs™f urt-her.-supportled at its dlstal end by a shelf 94 :
r anp glie. 24-Fs Further. suppor .0 spalend by oo |
c ound t ve _
. Field he Inve

The present invention gegerally relates to
devices for optically connecting tﬁe ends of waveguides
such as optical fibers, and more pérticularly to an
article which splxces a plurality of pairs of such
optical fibers.

scri n_of the i

Splice devices for opticﬁi fibers are known in

the art, but there is still a needffor a quick and

‘reliable method of splicing a pluréiity of fibers in a
‘high density environment. Prior té?the introduction of
splice devices which join a pluraliﬁy of optical fibers
in a single splice body (discussed further below), this

was accompllshed by utilizing a pluralzty of single flber

(discrete) spllce devices. This approach was very time
consuming, however, and further resulted in a large
volume of splice bodies which crowd Junctlon boxes, or
require specialized spllce trays to. keep the fibers
organized. -

Several systems have beehjdevised to address
the problem of multiple fiber spliéihg. One technique,
mass fusion welding, requires that“each fiber be placed

" in a groove of a rigid substrate hafing several such
grooves. Best fit averaging is used to align the fiber
pairs and an electric arc is create“; melting the fiber
tips and permanently fusing them tofether. The primary,

and very significant, limitation fusion splicing is

the great expense of the fusion welders. Fusion welding

is also time consum;ng, anad precludes later fiber removal

or repositioning.

Another common multiple s“11c1ng technique
requires the use of adhesives, again with a substrate or

tray that has a plurality of grbove ‘therein. For

[REPLACEMENT §)

example, in U.S. Patent No. 4,028,; 2, a plurality of;
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formeddin the | ower portion of jacket 14, above r
42 may be attached to extensions 36 and 38 at any
protess (although they are not snapped into the c
the fibers have been spliced). Al of the foregoi
factory, and splice 10 is provided to thesuser infthe state shown i|n Fi gure
1 (less the fiber ribbon). When t he usel fibers

to be splicediddmy mwﬁ@e s1igmeedogna ﬁi@é&’ﬁd é\ﬂ?@iﬂlw K&y iy ! - known
to splice the, fiber ribbons

|
e 10cE LD it S0 G5 eh ind AR s el e ih oo od
i ndi vi dual , @ivegr dihe ffikers Shuliths sukstrdtdperthayover [PrLte deingnt | y
handl ed by { il e dih dAPYY UdtfurVes ' dlfe ebaPRInd Whidh i, OF tape

or ot her neans
Adhe51ves are also used in the optical fiber splice

devices disclosed in U.S. Patent No. 4,029,390 and
Japanese Patent Application (Kokai) No. 58-158621. The
use of adhesives is generally undesirable since it adds
another step to the splicing process, and may introduce
contaminants to the fiber interfaces. Splice devices
using adhesives also require extensive polishing of the

steps TakP pliage i n the

fiber end faces to achieve acceptable light transmission,
and some adhesive splices further require the use of a
vacuum unit to remove trapped air.

The '390“patent represents an improvement over
earlier multiple splice devices in that it utilizes a
foldable holder having a series of V-grooves on both
sides of a central hinge region. The method of attaching
the fibers to the holder, however, presents additional
problems not present in earlier splices. First of all,
since adhesive is used to affix the fibers to the holder
before splicing, the cleaving of the fibers becomes a
critical step sinceé the cleave length must be exact to
avoid any offset of the fiber end faces, which would be
extremely detrimental to splice performance. Secondly,
it is critical that the opposing V-grooves be exactly
aligned, which islﬁhlikely with the hinge depicted in the
£390 patent; othét@ise, there will be transverse fiber
offset resulting . ”nflncreased signal loss. Finally, the
/390 holder would hot maintain the opposing plates
perfectly parallel, which is necessary in order to
optimize transverse alignment of the fiber pairs, and
also affects fiber deformation.

Another problem with several of the foregoing
splicing devices is that they used rigid substrates to
clamp the fibers.. 'There are several disadvantages to the
use of rigid substgétes. First of all, it is generally



effecgively create a fiber ribbon. [If fiber ribbonji
outer coating which surrounds the individual buffer¢d|fi | d
renoved. Once the fibers or ribbons have 3n13§§§$?2§”,
12, splice 10 may be actuated by longitudinally sli
Jacket 14. In this regard, the term"| csgs t-.udi nal " refers to nmovenent
parallel with the fibers and grooves 82. The sliding actirom ey be
acconpl|Shedmhwesdﬁpfycu$tngoafecmegﬂbbves dn at rdgitdomateripldshsuetige 22

forverd.  Thgs Sereubihyel "By (8 ARPLLCd b bRe GHLAN 1R:LgbaRd | n vedge

22. As medg%s noves Y causes tongue 24 to press
agai nst the mamefactuwring oosphat Bigdd subsprageshmust also be

handled more carefully since they are brittle and thus
easily damaged. Most importantly, the use of a rigid
substrate having grooves therein results in poor
alignment of the fiber pairs (as well as unnecessary
fiber deformation), leading to higher insertion loss.
These problems are compounded in stacked configurations
such as those shown in U.S. Patent Nos. 3,864,018,
4,046,454 and 4,865,413. |

These difficulties may be'avoided by the use of
a substrate which is malleable, elestomeric or ductile.
Unfortunately, however, the use of“such materials has not

been fully appreciated nor implemented. For example,
U.S. Patent No. 4,046,454 teaches that the rigida v-
grooves may be lined with a ductile material. This
complicates the manufacturing process, howvever, and adds
significant cost. In U.S. Patent No. 4,102,561, the
splice device utilizes two alignmeﬁ; members formed of a
resilient material which may deforﬁeagainst the fiber
surfaces. That splice, however, reguires the attachment
of two subassemblies prior to insertion of the fibers
into the alignment members, and fu:ther uses about a
dozen clamps and bolts, makinq the"device very difficult
to use in the field (similar problems apply to the device
illustrated in U.S. Patent No. 4, 045 121). The primary
clamping action directly at the fxber interface also
causes deformation of the fiber resultlng in more signal
loss than if there were a more gradpel clamping toward
the interface. This problem also eﬁplies to other splice
designs, such as that depicted in'ﬁﬁfopean Patent .
Application No. 88303777.2, «which further suffers from
the non-uniform application of clamplng forces to
different fibers. : Ap

In light of the foreg01ng, it would be
desirable and advantageous to dev1seua high performance
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-11- fd bers between plates 74 and 76. The width of tpnjgue 242 15
approximately equal to the width of plates 74 and 76 1% MAR9g9d dbqve,
the clanmping forces gradually decreases towards the ends of spllce gl gnment
18 due to stop pads 90. This effect may be enhanced py e-+engt hs
of wedge 22 and tongue 24 shorter than tte |l ength of| plates 74 and 76 |so

that the clanping force is.applied primarily at the Center_of Splice :
el enent 18, sP¥igetdaviresfergmultipleneppicpdr faliekqspubisBnaceEnBOtengt h

of - require fusion welding, or adhesives and polishing. The
device should provide a uniform cle@ping force to each of
the fibers, and provide gradual clamping to minimize

undesirable deformations such as microbending at the
clamp transition. The cleave length of the fibers should
-not be critical, and means shouldfbe provided to optimize
fiber alignment, including the use of ductile clamping
surfaces. Finally, the splice shogld be simple to use,
especially for field installation.

Summ of the venti _

The foregoing objectives_are achieved in a
device for splicing multiple optical fibers comprising a
splice element, a body surrounding the splice element,
and a wedge providing uniform, transverse clamping of the
fibers in the splice element. The body may be comprised
of a jacket portion and a cap portion which interlock to
hold the splice element. The splice element is
preferably formed of a ductile material, and is hinged to
define two plates, one plate having a series of parallel
V-grooves, and the plates being folhed together prior to
actuation by the wedge. Stop pads are interposed between
the plates to insure gradual clampihg when the wedge is
forcibly urged against the plates or against a tongue
which is interposed between the pleﬁes and the wedge.

The splice element may further have,an extension or
porch, with a ramp to facilitate 1nsert10n of the fibers
into the splice element. _]

A stacked splice element: may be provided in the
body having more than two plates, e: g., a three-plate
stack accommodating two layers of flber splices. Special
guides positioned at each end of th

lates may be used
to direct some fibers upward to one spllce layer and
others downward to the other layer.;;End covers are
provided to protect the splice element and exposed
fibers, and to provide an env1ronmen;a1 seal.




that~port?on of wedge 22 contacting tongue 24 is aboufp@RerAAN T gt h
of plate 76. The use of tongue 24 al so prevents unduaR 1m1?mm | at e

74 which mght otherwi se occur if wedge 22 were to copthct splice el dmgnt
18 directly. Wedge 22 provi des excel |l ent nmechani cal apvhntlagMAR 199%| Ydijng
hi gh transm ssion of forces, and the unéigerm applicat|op of force parfal}l el
to plates 74 and 76 Also due to the coefficient of frrcrron ot The
mat eri al s UR ~ongue 24,1 actuation neans 40

glbbuf ’ 9\[Ng??]e 222I'h:aS fe erre%ﬁngFggﬁlg\é[asg%q}d Bt %pﬁirg{%dy%tﬂgnuse
of splice laressey domhf vimtaesamn;ledf qlmm:)-ové‘l'm gmyrentsitan ppi ng and
Coronro? W SEHAREl ook, V00 BAMA, Bilrhoa bE M O 22 )
' the accompanying draw1ngs, wherein:
Figure 1 is a perspective view of the multiple
optical splice device of the present invention;
Figure 2 is an exploded perspective view of the
splice device of the present invention;
| Figure 3 is a perspective view of the splice
element used in the multiple fiber splice device of the
present invention, in its unfolded state;
Figure 4 is an enlarged sectional perspective
of one end of the splice element of Figure 3 showing the
porch and ramp; |
Figure 5 is a sectional perspective view of the

fully assembled splice device of the present invention;

Figure 6 is a sectional elevation of an
alternative end cover used with the splice device of the
present invention, having a compartment therein for index
matching gel; and

Figure 7 is a perspective view of the stacked
splice embodiment of the present invention.

Description of the Preferred gmbodimgng

With reference now to the figures, and in
particular with reference to Figure 1, there is depicted
the multiple opticai;fiber splice device 10 of the
present invention.7€£1though the term "connector" may be
applied to splice.l&, that term is usually reserved for
devices which are iritended to provide easy connection and
disconnection, as opposed to a splice which is usually
considered permanent} Nevertheless, the term "splice"
should not be construed in a limiting sense since splice
10 can indeed allow removal of the fibers, as explained
further below. : _

With furthgr reference to Figure 2, splice 10
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Afterithe splice is conpleted, end covers 40 and 42 rjay be_noved to §h
cl osed, latched position to provide environnental segli ng1 ANMPR1I97 e
exposed fibers. In this regard, |legs 100 of the endfc¢vers, which rgst
stage areas 102 of porches 84, help keep the fiber rifbbon aligned —w
splice body 12, i.e., they oppose si dewaps bendi ng ot—~the rjbbon proxi
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longitudinal actuation means 20 for applying pressure to
splice element 18. 1In the preferred embodiment,
actuation means 20 comprises a wedge 22 having surfaces
defining an acute angle, which is captured between jacket
14 and cap 16. A tongue 24, which is integrally molded
with cap 16, is advantageously interposed between wedge
22 and splice element 18 as discussed further below.
Jacket 14 has a longitudinal slot 26, rectangular in
cross~section and extending through jacket 14, for
receiving a splice element 18; slot 26 is slightly
shorter than splice element 18, allowing both ends of
element 18 to extend beyond the ends of slot 26. Jacket
14 also has an integrally molded male coupling element or
projection 28 which fits within a cavity 30 formed in cap
1s6. Projection'za has two transverse bumps 32 which snap
into recesses 34 of cap 16, providing a snug fit between
jacket 14 and cap 16. ’

Jacket 14 and cap 16 each have extensions 36
and 38, respectively, which receive end covers 40 and 42,
' reSpectively. Extensions 36 and 38 have recessed
surfaces which support the fibers at the entrance to slot
26. End covers 40 énd 42 impart protection to the
spliced fibers and splice element 18 against
environmental influences. End covers 40 and 42 are
attached to extensions 36 and 38 of the jacket and cap,
respecﬁively, by any convenient means, such as arcuate
jaws 44 which snap onto and rotatably grip trunnions 46.
The side edges 48 of extensions 36 and 38 are rounded to
allow end covers 40 and 42 to rotate on trunnions 46.
End covers 40 and 42 also include hooks forming latches
50 which snap intec notches 52 in extensions 36 and 38 and
securely maintain the end covers in a tightly closed
position.

Jacket 14 and cap 16 define many overlapping

hat e

the entrance to slot 26. Legs 100 al so provide addjtional sealing of slot
y tractangalancbedy 12 hi@RghSnot desi gned

i s _ Dbt ! §66kd0 (Ward | #Veapral of fibers
by simply openi g, Y A0 ac ul S L5 16 VEFGReR? PRoLNE" O
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const&ruct_i on of splice 10. Splice elenent 18 may be co stir ut BMAR 199 a
variety of ductile netals, such as soft aluminum The preferred netal ils
an alum num al | oy conventionally known as "3003," havingl a-temnmper. of 0 anc
a hardness on the Brinnell scale (BHN) ef-between 23 and| 32. Another

REPLAULIVIZINLD D12as0 )
Several different materials may be useq ijn t

acceptable alloy is referred to as "1100," and has. a tenper of 0, H14 or

H15.

Accepsuvrecesnyhmmtmmm@qun@nesw 'mtmgmbmcs

Qt her’ ”Etal§n6”§u§kh@¥s1&%&ﬂf¥“é¥ﬂé¥%ﬁfﬁﬂ*ﬁ?1these two components of

body 12 by, e.g., bending of body 12. For example,
projection 28 has a lower tier 5¢ZWhich slides under a
canopy 56 formed on cap 16. Cap 16 also includes bosses
58 which fit into recesses (not visible in the Figures)
in the corresponding face of jacket 14. Projection 28
and cap 16 further have inclined surfaces 60 and 62 which
result in a greater contact surface .area and make it more
difficult to pop jacket 14 and cap 16 apart by bending
them near their interface.

Turning now to Figures 3 and 4, splice element
18 is described in further detail. Splice element 18 may
be formed from a sheet of deformable material, preferably
a ductile metal such as aluminum, although polymeric
materials may also be used. Material selection is
described further below. Certain féatures are embossed,
coined, stamped, molded or milled into element 18. First
of all, a groove 70 is formed on the outside surface 72
of element 18. Groove 70 forms an érea of reduced
thickness to define a bend line or hinge, and separates
element 18 into two legs or plates 74 and 76 having
essentially the same width. The hinge is preferably
formed by additionally embossing a @étch 78, opposite
groove 70, on the inside surface 80 of element. This
creates a "focus hinge" which provides more accurate
registration of plates 74 and 76 when they are folded
together, as explained further below. A slot 81 may also
be punched out of element 18 to facil;tate folding.

In one embodiment of the éggsent invention,
plate 76 has a series of V-shaped g#ébves 82 embossed on
the inside surface 80 of element 18?}1V-grooves 82 are
generally parallel with groowve 70. ’&hose'skilled in the
art will appreciate that the V-grooves may instead be
formed in plate 74, or in both plates, and further that

- the shape of the grooves is not llmlggd to a "V" cross-

Section. Nevertheless, in the preféffed embodiment only
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may be used in the construction of splice elenent 18. $ug¢h netals 1nc
copper, tin, zinc, lead, indium gold and alloys thereg¢fl 4%MARSOE
desirabl-e to prOV|de a transparent splicing element to{facilitate the
splicing operation. |In such a case, a clear polyneric
used. Suitable polyners include polyethgkene terephthal ate, pol yethyl en
terepht hal ate gl ycol, acetate, polycarbonate, polyethersulfone,

pol yet her et bﬂekaOItEh.e pllatdsarasriginoves yuhexyéixd.ermd Itlmselearepdw-ysul f one,

and copol yeg %asu%h,,@:%\énvaﬁéearfsza}s%@;&aﬁ SRSl &4 Plagtigps Inc., of

Sheffield, huset fve to providing a
splice el ermm\neé}‘nsm!m &d fifber def @lndad imtone 01 the gKooves ard be

‘; grgfg ﬂ nggﬁvamin ng St rﬁﬁé'ad@f&“&ﬁww \er P S0 Eactr face
be ween element 18 and the fiber generally form an
equilateral triangle which mlnlmlzes_transverse offset
and thus reduces signal loss in the splice.

Plate 74 is further distinguished from plate 76
in that plate 74 has extensions or porches 84 which also
have grooves 86 therein, although grooves 86 do not
extend the full length of plate 74. Grooves 86 are also
wider than V-grooves 82 since it is intended that the
portion of the fibers lying on porches 84 will still have
their buffer coating, but this coating is stripped from
the fiber ends which are clamped between plate 74 and V-
grooves 82 (i.e., the buffered portibns of the fiber have
a larger diameter than the exposed portions). Grooves 86
are further recessed in surface 80, énd are adjacent to
ramps 88 leading up to surface 80, as more clearly seen -
in Figure 4. Ramps 88 eliminate microbending (which
causes further signal loss) which would result if the
buffered portion of the fiber and the exposed portion
were to lie in the same plane. In other words, the
transition from buffered fiber to exposed fiber occurs
proximate ramps 88. Accordingly, thé height of ramps 88
is approximately equal to the thickﬁéss of the buffer

surrounding the fiber. Ramps 88 may be formed in porch
areas 84 although they are preferably formed in plate 74
whereby they lie under plate 76 when_the plates are
folded together. Recesses (not shdﬁﬁ) may optionally be
provided in extensions 36 and 38, ugger porches 84, to
allow the porches to be flexed sliQﬁiiy downward, which
further facilitates insertion of theffibers into splice
element 18 and reduces potential skiﬁing along grooves
86. :

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired



mat er kal . _
than the glass conprising the optical fiber and cladding, gwggiﬁﬁvis
ductil e under the clanping pressures applied to the opt|i ¢al

al so desirable that the material be elastic at |low strdsg levels to af

CITmTo oS0

The primary requisite is to provide a materila

sufficient elasticity to nmaintain a cont<{9®al conpressijve force on the
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fibers once plates 74 and 76 have been brought “tegether

ves| 8€@dshoulbe beéualiibpedawdthaV-gyopyesce
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di anond- | i ke carbon coa

positioning of the fibers during the clamping operation.
Thus, while registration of plates 74 and 76 is not as
critical as with some prior art splice devices (since
there are no V-grooves on plate 74-ﬁhich directly oppose
V-grooves 82) it is still beneficial to use the
aforementioned focus hinge in orde#ﬂto optimize the
alignment of grooves 82 and 86.

In the stamping process which creates splice
element 18, stop pads 90 are also advantageously formed
on both plates 74 and 76 at the corners of the rectangle
defined by the overlap of the plates. These pads are
slightly raised with respect to the otherwise flat inside
surface 80 of element 18. In this manner, when element
18 is folded as in Figure 1, stop'pads 80 provide a
clearance space between plates 74 and 76, facilitating
insertion of the fibers therebetween. Alternative
methods of providing such a clearance space will become
apparent to those skilled in the art. More importantly,
however, stop pads 80 insure that,~yhen element 18 is
actuated and clamps the fibers, the maximum clamping
force is exerted only along the ceﬁiral width of element
18, and the clamping force gradually decreases moving
from the center toward the ends of element 18. This
gradual clamping transition has beéh'found to
significantly reduce signal loss resulting from the
deformation of the fibers, i.e., pr;or art splice devices
exhibited an abrupt clamping defor@f;ion which induced
higher losses. -

'Assembly:and operation of splice 10 are both
straightforward and may best be uné rstood with reference
to Figure 5. Splice element 18 is; laced in slot 26 in a
folded state; in this state, clearance is still provided
by stop pads 90 to allow insertiqnlﬁf the fibers, so this
may be considered an open state, as opposed to the

Closed, clampingistéte. An index métching gel is
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body 12 may al so be constructed of a variety of material's
durable material and preferably one that is injection nol
die cast netals are acceptable. The terial should not

is desirab
store exce

cl anmpi ng

ng a t hi ckness in the range of 0.1 to 0.4 [err]
80 of splice elenent 18 by vapor deposition.

le to allow the i'nner walls 5%n1ng slot 26 to
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Wedge 22 is then iaced adjacent tongue 24, and jacket 214
is snapped into cap 16, whereupon wedge 22 becomes

disposed agalnst another ramp 92 formed in the lower
portion of jacke!;ld. The upper surface of wedge 22 is
generally parallel with plates 74 and 76, while the lower
surface of wedge 2;15 parallel with ramp 92. Tongue 24
is further supported:at its distal end by a shelf 94
formed in the lower"portzon of jacket 14, above ramp 9%2.

End covers 40 and 42 ‘may be attached to extensions 36 and
38 at any time’ in the assembly process (although they are
not snapped rnto the closed position until after the
fibers have been"pllced) All of the foregoing steps
take place in thf.-actory, and splice 10 is provided to
the user in the state shown in Figure 1 (less the fiber
ribbon).

When.tﬁe“user has located the fibers to be
spliced, they sncﬁld.be stripped and cleaved according to
well-known methodg;f,ln this regard, splice 10 may be
used to splice the fiber ribbons 96a and 96b shown in

_ Figure 1, or may be used to splice a plurality of

individual, dlscrete fibers. Such discrete fibers may be
more convenlently handled by first arranging them side-
by-side and applylng ‘a piece of tape or other means to
effectively create‘a_flber ribbon. If fiber ribbon is
being spliced, th” chter coating which surrounds the
individual buffered l_bers should also be removed.

Once th fibers or ribbons have been inserted
into body 12, spi ,io may be actuated by longitudinally
sliding wedge 22't_ward jacket 14. In this regard, the
term "1ongltud1nal" refers to movement parallel with the
fibers and grooves 82. The sliding action may be
accomplished by 51mp1y using a screwdriver or other tool
to push wedge 22 forward. The screwdrlver may be applied
to the cutout 98 fcrmed in wedge 22.':As wedge 22 moves
forward onto ramp'
against the outer st

it causes tongue 24 to press
ace of plate 74, clamping the-
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materials include liquid crystal polynmer, such as that| qol d under the
trademark VECTRA A130 by Hoechst Cel anese Corp. of Sunmift, 1Rdd R&Ney.
The di nensions of splice 10 nmay vary wi dely according ftq the desired

application. The follow ng (approxi mate),;di nensions, flor—tie preferred
enbodi nent, are exenplary only and shoul'd not be constjued in a |lim¢ti

sense. The QugiaAld Beﬂﬂﬂé&?oé}?@éécﬂ 18nd 5768 %elwdbﬁahtténaumand its

width 13 mm, The | en e mjin ortlon of ]ac eiﬁ nn; whil e
proj ection 3 &P mately @qumly BAdtRe Mifth, ok P Ee§47fsa‘7’d fim 1 ong,
"and ext ensi s disAEbad @eveacthd. SlampingofoMédgegraddbaripn overal |

m The vi ATESARRRIGEETE e SAE 1 | TS ek PRt THe cRRE RS S 15
stop pads 90. This effect may be enhanced by making the
lengths of wedgegzz'and tongue 24 shorter than the length
of plates 74 and 76 so that the clagping force is applied
primarily at the center of splice_:iement 18, and not at
its ends. 1In the'preferred embodiment, the length of
that portion of wedge 22 contacting;tongue 24 is about
one-half the lehgth of plate 76. The use of tongue 24
also prevents undue deformation of plate 74 which might

otherwvise occur_if_wedge 22 were to_contact splice
element 18 directly; Wedge 22 provides excellent
mechanical advaﬁtages, including high transmission of
forces, and the~ﬁniform applicatioﬁfcf force parallel to
plates 74 and 76. Also, due to the coefficient of
friction of the~ﬁaterials used'forijacket 14, wedge 22
and tongue 24, actuation means 20'(i;e., wedge 22) is
self-locking, provided it has an angle of less than about
9°, The preferred angle is about 5°. Simplicity in the
use of splice 10 is evident from a summary of the above
steps: strlpplng and cleaving the- flbers, inserting them
into body 12, and sliding wedge 22. forward. A double
wedge (not shown) may be used in 11eu of single wedge 22.
After the spllce is completed end covers 40
and 42 may be moved to the closed, 1atched position to
provide env1ronmenta1 sealing and protect the exposed
fibers. 1In. thls regard legs 100 offthe end covers,
which rest on stag_ﬁareas 102 of po' hes 84, help keep
the fiber ribbon aligned with spl;ce-body 12, i.e., they
oppose sideways bending of the rihﬁén proximate the
entrance to slot 26. Legs 100 also provide additional
sealing of slot-zs'since they are positioned at the sides
thereof. Although not designed for ‘disconnection and
reconnection, spli”e 10 may allow removal of fibers by
51mp1y opening end covers 40 and slldlng wedge 22 backward.
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mm and- its mninmumthickness is 0.76 nm Wth res
el ement 18, several of the followi ng approxi mate di mensi orfs arﬁ Rﬁﬁﬁbgg
the size of conventional nultiple fiber ribbon cables. THe{le at | age

74 (including porches 84) is 28 mm while the |ength of pljat
Bot h pl ates have a thickness of 530 [errf#= and stop pads}go rise 18 [err]m

above surface 80. V-gr%ov 32 .preferably spaced 250 [err y ; 0

[err] m deep and have a
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constructed from a variety of ductile metals, such as
soft aluminum. The preferred metal is an aluminum alloy
conventionally known as "3003," haging a-temper -of 0 and
a hardness on the Brinnell scale (ﬁHN) of between 23 and
32. Another acceptable alloy is_rgferred to as "1100,"
and has a temper of 0, Hil4 or Hls;fWAcceptable tensile
strengths vary from 35 to 115 megapascals.

Other metals and alloys, or laminates thereof,
may be used in the construction of splice element 18.
Such metals include copper, tin, zinc, lead, indium, gold
and alloys thereof. It may be des;rable to provide a
transparent splicing element to faéilitate the splicing
operation. 1In such a case, a clear polymeric material
may be used. Suitable polymers ihéiude polyethylene
terephthalate, polyethylene terephthalate glycol,:
acetate, polycarbohate, polyetherSQlfone,.
polyetheretherketone, polyetherimide, polyvinylidene
fluoride, polysulfone, and copolyesters such as Vivak (a
trademark of Sheffield Plastics, Inc., of Sheffield,

. Massachusetts).

As an alternative to proViding a splice element
constructed of a deformable materiél it may instead be
formed of a more rigid material pro?ided that V-grooves
82 and/or surface 80 are lined with.a deformable
material. The primary requisite is to provide a material
which is softer than the glass compiising the optical
fiber and cladding, ‘and which is ductile under the
clamping pressures applied to the optical fiber. 1It is

. also desirable that the material be'elastic at low stress

levels to afford sufficient elasti ity to maintain a
continual compresszve force on the optical fibers once
plates 74 and 76 have been brought together.
Furthermore, a coating may be appl?ed to the ductile
material to reduce skiving of the material as the fiber
is inserted. For- example, a diamond—like carbon coating
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-14- + 180 [err]m and a mnimumw dth of 120 [err]m and |ar
deep. Ranp 88 descends 250 [err]m i.e., the upper surfagey

are 250 [err]mfrom surface 80. Two alternatiye

St

enbodi nent s ahd

Q)

design nodifications are shown in Figures 6 and 7. Figur
nodi fied end cover 42' which may be usedl3n both jacket

6 illTustratées a

sion 36_and

cap extension 38. End cover 42' is used to provide additional environnental
seal i ng, byhm @& thimknmes nentthdsrange et Gyl ol 4 106 iy dhei s

attached t 04 iiedf1to SRS Yo G UpFice Widndit/ 19 £y "Ggpdfs. A end

cover 42' is closed 106 cont act.s

deposition.

Splice body 12 may alsoﬁhe'constructed of a
variety of materials, basically aﬁy durable material and
preferably one that is injection_mbldable, although die
cast metals are acceptable. The material should not be

too rigid as it is desirable to allow the inner

walls

forming slot 26 to flex slightly_té;store excess clamping
forces from wedge 22 in order to insure constant clamping

force on the fibers during temperature cycling.

Injection moldable materials incluqé liquid crystal
polymer, such as that sold under the trademark VECTRA
A130 by Hoechst Celanese Corp. of Summit, New Jersey.
The dimensions of splice 10 may vary widely
according to the desired application. The following
(approximate) dimensions, for the preferred embodiment,
are exemplary only and should not bgiconstrued in a
limiting sense. The overall length of splice 10 is 38

mm, its height 6.7 mm and its width”i3 mm. The

length of

the main portion of Jacket 14 is 14 mm, while projection
28 is about 7.1 mm long and 9.7 mm wide. Cap 14 is 7.6
mm long, and extensions 36 and 38 are each 8.3 mm long.
Wedge 22 has an overall length of 14 mm, but the length
of the portion contacting tongue z(;is 10 mm. The width

of wedge 22 is 6.5 mm, while its m#f‘

mm and its minimum thickness is 0ﬁ7f nm.
With respect to splxce e

the following approximate d1mens;on$

mum thickness is 1.5

ent 18, several of
-are based on the

size of conventional multiple fiber rlbbon cables. The

length of plate 74 (including porches 84) is 28

mm, while

the length of plate 76 is 20 mm. Both plates have a
thiqkness of 530 um, and step pads_sq:rlse 18 um above

surface 80. V-grooves 82, preferab
apart, are 130 um deep and have a maxlmum width

;spaced 250 pm

of 180

um. Grooves 86, which are approxzmately trapezoidal in
the preferred embodiment, also have a maximum width of
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extension 38, causing wall 106 to conpress a seal ant nage Idl, whreh—Ha
i ncl ude i ndex matching gel, residing in conpartnent 106 %ﬁ%@aPﬁi
channel s 110 therein which allow the sealant to escape {romc nt
104, and flow in and around the entrance to slot 26. A yweb-1l2.is
preferably integrally forned with wall %@6+ extending ihto conpartnment 104,
whi ch assures that sealant will be directed out of chanhets—tto-when—eowver
42' is cl oseli80aul, apn8 arvindogim @siid@ba@cﬁeﬂ@aﬂﬂst apdchrel 38& &#m o prevent

acci dental | gakgge ﬁ&m%hﬁssﬁigéﬁhds 250 um, i.ElJUbRe/uBBBECShirFagkacked
splice device_1 utilizes a splice él ement 18 having two | ayers of

splices. StaRkedrSpVEEcBE| BRENRSPSLIEFOBeSHEFAER BP-three separate
elements, but it is prw&eramtéma&iwuemd%ental agaedeheqant havi ng two
ntegral hinggss el OheEnL L0e? FoWA 5 FAGEPEL Q"R 9L FLGLY § mrer
e _ :
illustrates a modified end cover 42’ which may be used on

both jacket extension 36 and cap éxtension 38. End cover

l_J
x--..a

42’ is used to provide additional environmental sealing,
by means of a compartment 104 defined by a wall 106 which
is attached to the inner surface of cover 42’ by a living
hinge 108. As end cover 42’ is clcéed, wall 106 contacts
extension 38, causing wall 106 to compress a sealant
material, which may include index matching gel, residing
in compartment 106. Wall 106 has channels 110 therein
which allow the sealant to escape from compartment 104,
and flow in and around the entrance to slot 26. A web
112 is preferably integrally formed with wall 106,
extending into compartment 104, which assures that
sealant will be directed out of channels 110 when cover -
42’ is closed, and also provides resistance against such
closure to prevent accidental leakage of the sealant.
Figure 7 depicts a stacked splice device 10’

which utilizes a splice element 18)_having two layers of
splices. Stacked splice element 13(5may be formed of
three separate elements, but it is preferab1y constructed
of a single element having two integral hinges, folded
into a Z-shape (accordion-fold). In"this manner, the
-three sections of the sheet define@f@y the hinges result
in three different plates 114, ilskéhd 116. It is not
necessary that the two splice layegéiformed thereby be
parallel, but this is preferfed totéimplify the wedge
actuation. An alternative construéﬁion would provide a
single sheet of material having two parallel hinges
separated by a small distance, e. g., 50 um, forming the
upper and lower plates, with a tnlrglplate inserted
therebetween. A plug 118 having two sets of orifices 124
is advantageously used to guide a first set of fibers,




three<sections of the sheet defined by the hinges result

plates 114, 115 and 116. It is not necessary that the t
formed thereby be parallel, but this is preferred to si
actuation. An alternative construction would provide a $i hgl't” SHEEP?
mat eri al having two parallel hinges separated by a snall jdistance, e.g.,!
[err]m forming the upper and |lower platés, with a third|plate i nseried
t herebetween. A plug 118 having two sets of orifices 1241 geousl
used to guiéeea:fPY§¥Ys@th3F'figers,UPwardS to the top splice layer,

.and the remaining.fibe:s downwards to the bottom splice
layer. Guide plug 118 has grooves 120 formed in a porch
area 122 thereo:,'similar to porch 94 of element 18;
grooves 120 help align the fibers with orifices 124. Of
course, the use of an accordion fold and guide plug could
‘be expanded to_splice elements haviﬁg_more than two
splice layers. | _ , )

~ Although the invention has been described with
reference to specific embodiments,'this description is

I

fify“}he medge
i f
5

not meant to be;cénstrued in a limiting sense. Various
modifications of_the disclosed embodiment, as well as
alternative embédiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention.._For example, a
multiple fiber splice device may be constructed to allow
separate termination of each fiber set by providing two
actuation wedges, one at each end of splice body 12; this
would allow the pretermination of one fiber set in the
clamped state. 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.




_15- . i.e., @vVery other Tiber, upwards to the top spli Ceﬁz@gﬁgﬁﬁmgﬂﬁﬂ‘
B (

ps<lign the fibers with orififcg

remaining fibgny he bottom splice layer. (
grooves. 120 f. m{I mml I!mnfar ea 122 thereof, simlar {tq porch 84 of
hes |

el enent 18; gr.ooves::

course, the use’ of“an accordion fold ang cqui de plug coulfd

s 13HMAR 907

be expanded

to

splice elenents having nore than two splice |ayers.

Athoty

i nvention has_ hggn.described with reference to specificlenbodi ments,

f—t h
this

D

description is not- neant to be construed in a limting sense. Various

1. An element for splicipg a first plurality of
optical fibers to a second plurality of optical fibers,
the element comprising: '

first and second plate members forming a-pair
of opposing surfaces, at least ongﬁbf said opposing
surfaces of said first and second'giaté members having a
plurality of fiber receiving groo?éﬁ therein; and
_ first and second porch mé@bers attached to
first and second ends, respectivelj}iof said first plate
member, said first and second poréhfmembers extending
beyond first and second ends of-séig second plate member,
respectively, said first and second porch members having
surfaces which have guide grooveS-férmed therein, saiad
guide grooves being aligned with sa;¢ fiber receiving
grooves. ' _

2. The element of Claim 1 wherein said first
and second plate members are formed from a singlé sheet
of ductile material having a fold l;ne therein forming a
hinge. ' :L

3. The element of Claim 1 wherein said opposing
surfaces are formed of a ductile maﬁerial.

4. The element of Claim 1 wherein said fiber
receiving grooves are formed in sai@fopposing surface of

said second plate member. B
' 5. The element of Claim 1?hgr use with fibers
having a buffered portion and an egpééed portion, wherein
said first and second ends of said f}?st plate memberf
include ramp means for supporting th;ffibers proximate a
transition betweéh the buffered andfégposed portions of
the fibers, said'guide grooves beinjﬁa&jacent said ramp

means. .

6. The element of Claim idwhérein at least one
of said first and second plate memhg;é,includes means
providing a clearance space betweenf?%id opposing
surfaces at said first and second ehé# of said first and
second plate members. e e o o

This Sheet Has': ﬁeen RTlaced




nmodi fi cati ons of the disclosed enbodi nent, as well as alternative

enbodi ments of the invenation, wll become apparent to persons skilled in
the art uggn/¥ef’7encett" he description of the invention. For exanple, a
e’ may be constructed to all ow separate

nultlple fi-be
term nati o \!\“ _:'=-.aset by providing two actuation wedges, one at
each end of clce bbdy 127 "this woul d @4yoew the pretermi nation of one

fiber set i:n the clanped state. It is therefore contenplated that such
nmodi fications can be npderhet 8Danefiepott cCogifr mmfulmnm icompaiisiagpe of the

~present invention a3, 0eflogfel a5 2R0°04¢d §e8LHE plate member,
forming a second_palr of opp051ansurfaces, at least one
of said surfaces in said second pair having a second
plurality of fiher receiving grooves therein.

8. The element of c1a1m 5 wherein the buffered
portions of the fzbers have a bufﬁer coating of known
thickness, and' | '

said flrst and second porch members are
integrally formed with said first and second ends of said
first plate member, respect;vely,

said guide grooves are recessed in said

surfaces of said porch members; and

saiad ramp means comprlses a ramped surface
extending from said recessed guzde -grooves to said
opposing surface_of said first pla§e member, said ramped
surface having'a-height which is approximately equal to
the thickness of the buffer coating.

REPLACEMENT SHEET
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-16- - | “claim. 1. An etenent for splicing a fgﬁg§£¥ﬁ%ﬁ ™ _

opti cal flbers ality of optical fibe}s
CORprisi ng: .- ,'Wﬂ"ﬂﬂiﬁgﬂﬂ@ﬂ pl ate menbers forning|al
surf aces, at;reasﬂ ome of s opposi ng surfacesjo sa|d first.

- second pl ate nenbers having a pl uralistge of fiber|receiving grooves

9. An element for splicing a first plurality of
optical fibers to a second pluraliﬁy of optical fibers,
the element comprlslng.

first and second plate memhers forming a pair
of'opposing surfaces each having f;rst and second ends,
at least one of said surfaces having'a plurality of fiber
receiving grooves therein; and f

clearance means for providing a space between
said opposing surfaces at said first and second ends
thereof whereby, when said opposing surfaces are clamped
toward one another, a higher clamplng force is applied at
a center of the element than at sald first and second
ends thereof. . o

10. The element of Claim 9 wherein said first
and second plate members are formeﬁ_from a single sheet
of ductile material having a fold line therein forming a
hinge.

11. The element of Claim 9 wherein said
clearance means comprises a plurality of pads attached to
said opposing surface of said first plate member at said
first and second ends thereof. i

12. The element of'CIaim'9'intended for use
with fibers having a buffered portgon; the element
further including a porch area havipg ramp means for
receiving the buffered portion of Ehe fibers, said ramp
means including guide grooves whlch are generally aligned
with said splice grooves. :

13. The element of c1a1m 9 further comprising a
third plate member adjacent said secend plate member,
forming a second pair of oppos;ng.gprfaces, at least one
of said surfaces in said second quéﬁhaving a second

plurality of fiber receiving groo :
14. The element of c;aimihl wherein said first
plate member has a generally rectéﬁé@la; shape defining
four corners, and said opposing sur eCe of said first
plate member has four pads 1ntegra11y formed thereon, one

pad at each of said corners. B —
This Sheet Has Been Reﬂlaced




t herei-n; and
second ends,

second porch
second pl ate
menber s havi

—first—and Second porch nmenbers attached to

&[T e e e Y

et
: respectively, said first and secgnd porch

ng'sdrfaces whi ch have gUICKZ}% grooves formgd therein, said

gui de grooves bei ng allgned W th sai | ber receiving nrégrpq hutnb
tendi ng beyond said firgsd, oyl SRS 'y af h é‘ift er
wher eby the fi of |ca1£§ ﬁirs E iq?d outo

gui de groove
plurality of
plurality of
second porch

t .pl rallt t
?gs ‘{l : fihensity c#‘iﬁ’?%rmt‘brﬂ%@ft‘?%rpﬁﬁl%ld fi rst
ffilkearss, |thesauxh:ﬁérhercdm/smgrooves and the second

Opticallﬂé¥¥§%i§§ﬁtﬁ%cbnd'ﬁﬂéké”ﬁéﬁéﬁ%é{g%&f&%f%gqges 'n said

first pair of opposing surfaces, both of said surfaces of
said first pair being ductile and at least one of said

‘surfaces of said first pair having7§'first plurality of

fiber receiving grooves therein; énd

~ a third plate member, said second and third
plate members defining a second'pair of opposing
surfaces, both of said surfaces of said second pair being
ductile and at least one of said sfoaces of said second
pair having a second plurality offﬁiber receiving grooves
therein, and at least two of said §irst, second and third
pPlate members being formed from a single sheet of ductile
material having a fold line forming a hinge.

16. The element of CIaimfis further comprising
means for guiding a first set of ﬁhé first plurality of
optical fibers to said'first'plur;;ity of fiber receiving
grooves and for guiding a second sét of the first
plurality of optical fibers to said second plurality of
fiber receiving grooves. '

17. The element of Claim 15 wherein said first,
second and third plate members are all formed from a
single sheet of ductile material,:ﬁéid sheet having two
fold lines forming hinges and beiﬁ;Jfolded in a Z-shape.

18. The element of Clai S'wherein said first
pPlate member has first and second: ends, and includes
tween said first pair

means providing a clearance space |
of opposing surfaces at said flrst and second ends.

19. The element of c1a1m_16 wherein said
guiding means comprises a plug ad'?:ent a first end of
said first, second and third plate: members, said plug
having a first set of orifices difggted toward said first

plurality of fiber receiving grooﬁéé, and a second set of
orifices directed toward said second plurality of fiber
receiving grooves. S

This Sheet Has Been R
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prior.to |nsert|on of said second plurality of fibers REPLAﬁLbéiﬁ I
recei ving grooves. 2. The el ement of claim1 wherei md s
ond pl ate nenber “ﬂ ' a single sheet of IIe

havi ng a fold II\mmﬁ ul g a hinge. 3. The ¢l

wherei n said opposifg éurfaces are formed of a mallea
el ement of claim 1l wherein said fiber reggiving groovegs are forned |n s

The
ai d

opposi ng surface of said second plate nmenber. 5. Theetement—of—ctarn
for use with fibers hayi, nﬁnaellléni‘e@itﬂfd&orédlqrtﬁ’qj aal‘fﬁ:’ﬁiﬂ%ﬂim‘ﬂiﬁ}ﬂn

1

wh d_f d d.ends of | at |'ud
moans for SHEpBPELER L FASERRore B GROAIE BT B SR DAken the

buf f ered anflibepssetheoeiliementofcomprising:
a first generally rectangular plate having
. first and second ends, and four corners, and further
having ramped surfaces at said first and second ends;
first and second porches attached to and
integral with said first and'éeconé ends, respectively,
of said first plate, said porches having a plurality of
recessed guide grooves immediately édjacent said ramped
surfaces;

a second generally rectangular plate
approximately equal in size to said first plate, said
first and second plates being formed from a single sheet
of ductile material having a fold liné forming a hinge,
said first and second plates being folded toward one
another, defining an opposing surface of said second
plate, said opposing surface having a plurality of fiber .
receiving grooves therein, aligned'with said guide

" grooves in said porches and generally parallel with said
fold line; and o

at least four pads 1ntegrally formed on said

first plate, one pad at each of said corners.

This Sheet Has Been Repl:
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- 17 _- fibers, said guide grooves being adjacent said ranp neans. 6.
The. el enent of claim5 wherein the buffered por- tions of the fibers have a
buffer coating of known thick- ness and:

- 21 - REPLACEMENT SHEET
13 MAR 1997

MULTIPLE OPTICAL FIBER SPLICE

Abstract of the Disclosure

A device for splicing multiple optical fibers
includes a novel splice element having two plates formed
from a sheet of ductile material, there being a fold line
in the sheet forming a hinge, the two plates being folded
toward one another to define opposing surfaces. One of
the opposing surfaces has several fiber receiving grooves
therein, parallel with the fold line, and the other
surface has ramps at each end to support the fibers
proximate the transition from their buffered portions to
their stripped portions. The ramps are adjacent porches
which are integrally formed with one of the plates, the
porches having additional érooves for aligning the fibers
with the fiber receiving grooves. Stop pads are provided
on both opposing surfaces, at the corners of the plates,
to insure a clearance space at the ends of the plates
which provides for more gradual clamping of the fibers,
reducing insertion loss.

FIGURE 3



said f¥rst and second porch nenbers are integrally for RE A
first and second ends of said first pl at e menber, respe LA g PHEET
gui‘de grooves are recessed in said surfaces of sai d por ¢h| nmenber s Afid]
said ranp neans conprises a ranped surface extend- i ng [rpmisBMAR 1997
recessed gui de grooves to said oppos- ing surface of sajdffirst plate
menber, said ranped surface having a he{ght whigh is approXimatety
equal to the thickness of the buffef coatint éhe el engnt_of claim1
wherein at |east one of said first and segbt\ Nat €®nenbers i ncl udes meamns
provid- ing a clearance space between said dp ng surfafps ab said first
8. e el &/nt of

(=]
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plata menber adj acent said second plate nmember, form ing a second pair of
oppgosi ng surfaces, at |east one of said surfaces in said second pair having

a.second plural- ity of fiber receiving grooves therein. Y.
for splicing a first plurality of optical fibers to a seoé&ﬂiﬁﬁ@% it @%@E

optical fibers, the el enent conprising: first and second [pl ate nmenbers|.
formng a pair of opposi ng surfaces each having firgt [anti3MARIR7
ends, at |east one of said surfaces hqging'a plurality of fi ber
receiving grooves therein; and cl earance neans for provi dimg—a space
bet ween said opposi ng surfaces at said first and sedond ends

- thereof whereby, when said opposing surfaces are cl anped toward one
anot her, a hi gher clanping force is applied at a ceqbir of the el enent
t han at 86




said,first and second ends thereof. 10. Thq

sai d space forned by said clearance neans fu
pluralities of fibers between said first an
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«rrenbers 11 Rﬁﬂei\feff'érfentslchiﬁub aim 9 wherein-sai-d-cl-earance. neans =
conprises a ptufality of pads] aftached to saiid. o h saild "
first 'plate nenbey 2papga09.Li [ st and second énds-EHErEet ; paged2... ,.,-h@; ﬁljenent
of- claim 11 efein said first plate nmber 'h ¥ % ﬁaiist an,gu;l Al |
shape definin etf—correrss—and sai d opposih #d. fd r@L.@@I ateg

' on;: orerzpad ,.,...e.ach gf §fa|.d i
corners. 13. € elenent of claim9 i ntende for use with fi bers “havi g ;a
buf f ered portion, the elenent further incl ud{ ngasporch-area. h ng ranp ;

means for receiving §Bpiguffered portion of the fi ‘bers;=sald.r means._ i n-
cl udi ng ggl de groovep &I}m %”?51%‘&:':& gldﬁpﬁm‘%g gtal dnfc!aper recei vi ng
grooves. fibers 1o a second. plurahty ofo fibers, the clcmcnt

comprising: - '

first and second platc -mem!

opposing surfaces, at leas
surfaca of saxd ﬁrst and

. forming a pair of

2. The elemem of claxm 1 wh;
ond plate members are formed -
malleable material havmg a fold
hinge.
3. The element of clann

HIIlIII ||III| III|| ||I|I | |III
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- 14. (The el enen Pﬂf@r’ﬂﬁp W@ er conprising a third plate nenber adjacent
sai d second pl te member—form |i ng a second pair of opposing surfaces,
| east "one of sfifd %@@?@7‘ njsaid second pair having a second plural- ity
ng- gr

of- fiber receipi €s ‘therein 15. An elenent for splicing a first
plurality of beal—fibers tlofa secc?nd plurality of optical fibers, the
el ement conprji si ng: fi rst amd second pl ate nenbers, defining a first
.. pair of . oppostmg—surf ou,co, both of said surfaces of said first
~pair being nalleab n t one_ of ai."_d'-,:;_s L. - . faces of said
first pair havi ng §€ﬁs{ S Byogves "'@&%cm ﬁé‘nﬂ?ooves
t herein; and maans.g pI at e menber, said second and third pl at e

menbers def i ni ng a sbcTha qiamcnbefolplpm 5gvbmem the buffered pdset h of said
surfaces of said sdonsdfihe fibers have a buffer coating of known thick-
ness, and:
said first and second porch
formed with said first and
plate member, rspectxvc!y
said guide grooves are recessed: in said surfaces of
said porch members; and -
sald ramp means compnscs a ramped surface cxtend-

ing surface of said first pla
surface having a height
equal to the thickness of
7. The element of claim 1 wherein at least one of said
first and second plate members iricludes means provid-
ing a clearance space between said opposing surfaces at
said first and second ends of said irst and second plate
members. i
8. The element of claim 1 furthcr oompnsmg a third
plate member adjacent said second plate member, form-

ing a second pair of opposmg f_‘ aces, at least one of -
- said surfaces in said second pair having a second plural-

ity of fiber receiving grooves th
9. An element for splicing a fi
fibers to a second plurality of optic:
comprising:
first and second plate membcrs forming a pair of
opposing- surfaces each ha first and second
ends, at least one of said surfaces having a plurality

of fiber receiving grooves therein; and
clearance means for providin space between said

p.lura.lity of opﬁcal
fibers, the element

opposing surfaces at said first and second ends
thereof whereby, when saxd _.pposmg surfaces are

10. The element of claim 9 wh e_m said space formed
by said clearance means further allows insertion of the
plurahtxa of fibers bctwecn said first an second plate

—
e
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: .. malleable and at |east ‘one of said surfaces of said
" having a second plurality of fiber re-

at | east two of said first, second and RQ%LAC%}IENE Mk

f or med froma single sheet of | | eabl g et erta
line form ng a hinge. - 16. The el efent of|.cl-agm Agg it hqr

nmeans. for guiding a first set of the first|p

This Sheet Has Been Reﬂlaced

- Iurallty of opti

- second pair

oves~t.herei n, and
rs being

a fold
conpri sing
cal

members. -
11. The c!cmcnt of clmm 9 whcr_em said clearance

and second ends thereof. - Ea

12. The element of claim 11 whcre_xn said first plate
member has a generally rectangular shape defining four
corners, and said opposing surface-of said first plate
member has four pads integrally formed thereon, one
pad at each of said corners.

13. The element of claim 9 m;end_ed for use with
fibers having a buffered portion, the element further
including 2 porch area having ramp:means for reccxvmg
the buffered portion of the fibers, said ramp means in-
cluding guide grooves which are ga:ml]y aligned with
said fiber receiving grooves.

14. The element of claim 9 further compnsxng a third
platc member adjacent said second. plate member, form-
ing a second pair of opposing surfaces, at least one of
said surfaces in said second pair having’
ity of fiber receiving grooves therein. . -

‘15. An element for splicing 2 first plurality of optical
fibers to a second plurality of optical fibers, the element
comprising: R

first and second plate members, defin

opposing surfaces, both of said surfaces of said first
pair being malleable and at least one of said sur-
faces of said first pair having a first plurality of
fiber receiving grooves therein; and

‘mgaﬁrstpan'of

a third plate member, said seco and third plate .

members defining a2 second pair-of opposing sur-
faces, both of said surfaces of said second pair being
malleable and at least one of said surfaces of said
second pair having a second ‘plurality of fiber re-
. ceiving grooves therein, and at'least two of said
first, second and third plate me

from a single sheet of malleab
fold line forming a hinge. =

~ 16. The element of claim 15 furth compnsmg means

+ for guiding a first set of the first nrahty of optical

L] ||_|3'\'\\|\3 13



- 19 - fibers to said first plurality of flber receiving_grooves and for

J:QU|d|ng ‘a second set of the first plurality 1 JeoTito said
second plurality of fiber receiving grooves. ?EPgBFF hﬂiﬁ‘ ?z of claim 16

wherein said guiding means conpri ses 3 pl ug fadj ac&nt aégg rs§ ¢nd of said
first, second and third plate nenbers,” said |plju fifrgt set of

orlflces directed toward said first pIurallt of fi ber receijviing grooves,
and a second set of orifices directed toward sai'd second plurality of fiber
recei vi ng grooves. 18. The el enent of cl ai first, second

and third plate nefiberstarsaidifirst plueality of iber neteiving grooves

, and for guiding a second set of the first plurality of
optical fibers to said second plurality of fiber receiving
grooves. |

17. The element of claim 16 wherein said guiding
means comprises a plug adjacent a first end of said first,
second and third plate members; said plug having a first
set of orifices directed toward said first plurality of fiber
receiving grooves, and a second set of orifices directed
toward said second plurahty of fiber receiving grooves.

© 18. The elcment of claim 15 wherein said first, second
and third plate members are all formed from a single
sheet of malleable material, said sheet having two fold
lines forming hinges and being folded in a Z-shape.

19. The element of claim 15 wherein said first plate
member has first and second ends; and includes means
provxdmg a clearance space berween said first pair of
opposing surfaces at said first and second ends.

- . 20. An element for splicing a first plurality of optical
fiberstoa seeond plurahty of optical fibers, the element
comprising:

a first generally rectangular plate having first and
second ends, and four corners; and further having
mmpedsnrfacsatmdﬁrstandsecondends,

first and second porches attached to and integral with .
said first and second ends, respectively, of said first
plate, said porchies having a plurality of recessed
guide grooves mmedxately adjacmt said ramped
surfaces;

a second generally rectangular plate approximately
equal in size to said first plate, said first and second
plates being formed from a single sheet of malleable
material having a fold line forming a hinge, said
first and second plates being. folded toward one
another, deﬁnxng an Opposm"'- irface of said sec-
ond plate, said Opposmg surface having a plurality
of fiber receiving. grooves therein, aligned with
said guide grooves in said porches and generally-
paralle] with said fold line; and :

at least four pads integrally formed on said first plate,
one pad at each of said eomas. o
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sheet of malleable material, said sheet haro'in" +we—-o-g—t+mas form ng

hi nges and being folded in a Z-shape. 19} CHMENRSHEET ai m 15 wherein
said-first plate menber has first and secohdfends, and 1 ndl ydes neans

d
provi ding a cl earance space between said f rsto@Aquég-ppposi ng surfaces at
said first and second ends. 20. An elenent]fpr splicing ajfijrst plurality
of optical fibers to a second plurality of|opt+eat—t+erss tlhe el enent
conprising:. a first generally rectangul af plate having firlst and

second ends, and four corners, and further naw ng ég[ ng surfaces at
said first and secohdAdrelementifor splising acirse pluontisicef @ptigdhed to and

integral with ﬁbea th ilseebndrpinmdfopﬁw ﬁbemmhea&thcof said first
plate, said porc Ba i‘lﬂutﬂerﬁa Wﬁﬂd an W grooves -
i medi ately adja t. s
bt%?gred portions having a buffer coating of

known tlnckness, the element eompmmg first and sec-

ond plate members fonmng a pair of opposing surfaces,

at least one of said opposing surfaces of said first and

second plate members having a p!urahty of fiber receiv-

ing grooves therein, said first plate member having first

and second ends, and first and second ramped surfaces

formed on said first and second ends, rapectxvely. for

supporting the fibers proximate 2 transition between the

buffuedmdexposedpomonsoftheﬁbers,sudnmped .

surfaces having a height which is approximately equal

to the thickness of the buffer coating. '

This Sheet Has Been Rerlaced
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sunfaces a—secontd—generally rectangul er plate approx | in
sie to sai #{REPL'«A(‘ 3v, ﬁeﬁ{ﬁa j first and second pl a!t;g@“}g!el ng T%ﬁﬁ.’a
from a singl Dl e mat eri al ha\rr asioldrl it *fr:--or n“r?g a
hi nge, said pnd pl ates being | fol

anot her, defli surface of said ise
opposi ng surif a ality - 16 of fi ber
aligned with sai d gui de gtlooves in said po;rc

-~ 43

parallel wtirsaratord I'ine; and at |east four’ pad@-"l nt egral {yff or-:.nf‘e‘d -onj
said first plate, one pad at each of said =corners
I claim: L

1. An element for splicing a ﬁrst plumhty of opncal
fibers to a second plurahty of opncal fibers, the dezncnt
comprising:

first and second platc members forming a pair of

opposing surfaces, at least one of said opposing
surfaces of said first and second plate members
baving a plurality of fiber receiving grooves
therein; and

first and second porch members attached to first and

second ends, respectively, of said first plate mem-
ber, said first and second porch members extending
beyond first and second ends of said second plate
member, respectively, said first and second porch
members having surfaces which have guide
grooves formed therein, said guide grooves being
aligned with said fiber receiving grooves but ex-
tending beyond said first and second ends of said
second plate member whereby the first plurality of
optical fibers may be laid onto said guide grooves .
in said first porch prior to insertion of said first
plurality of fibers in said fiber receiving grooves,
and the second plurality of opucal fibers may be
laid onto said guide grooves in said second porch

- ‘prior to insertion of said second plurality of fibers

in said fiber receiving grooves.

2. The element of claim 1 wherein said first and sec-

.ond plate members are formed from a single sheet of
gxi:lleablc material having a fold line therein forming 2
ge.

3. The clement of claim 1 wherein said opposing
surfaces are formed of a malleable material.

4. The element of claim 1 wherein said fiber receiving
grooves are formed in said opposing surface of said
second plate member.

5. The element of claim 1-for use with fibers having a
buffered portion and an exposed portion, wherein said
first and second ends of said first plate member include
ramp means for supporting the fibers pronmatc a transi-
tion berween the buffered and exposed portions of the

———r
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- 20-- 21. licing a first plurality of '

t o”a second pl REBLACEMHN'F)@HEE? fibers, each of the opticﬁﬂ?\pg@@rg\%ﬁg
a’' buffered portl sed portion, the buffered portions having a
buffer coatin :Amgg ck ne;s the el ement conprising first and sec-
ond plate ne 0 pai | of opposi ng surfaces, at |east one of said

opposi ng surf c >t and secdﬁd-plate nenbers having a plurality
of fiber receiv-

fibers, sazd gu:dc grooves. bcmg adjaccnt said ramp
means.

6. The clement of claim 5§ whcrcxn the buffered por-
tons of the fibers havc a buffer coatmg of known thick-
ness, and:

said first and second porch n:__gx_nbcrs are integrally

formed with said first and secc'md ends of said first
plate member, respectively;

said guide grooves are rccsscd in said surfaces of

said porch members; and

said ramp means comprises a ramped surface extend-

mg from said recessed guide grooves to said oppos-
ing surface of said first plate. membcr. said ramped
surface having a height which is appro;umtdy
equal to the thickness of the buffer coating.

7. The element of claim 1 wherein at least one of said
first and second plate members mclndcs means provid-
ing a clearance space between said opposing surfaces at
said first and second ends of said fu'st and second plate
members.

8. The element of claim 1 fnrther comprising a third
plate member adjacent said second ‘plate member, form-

ing a second pair of opposing surf; _'cs, at least one of
said surfaces in said second pair having a second plural-
ity of fiber receiving grooves therein.

9. An element for splicing a first plurality of optical
fibers to a second plurality of opncal fibers, the element
comprising:

first and second plate membcrs formmg a pair of

opposing surfaces each havmg first and second
ends, at least one of said sutfaca having a plurality
of fiber receiving grooves therein; and

clearance means for providing-a space between said

opposing surfaces at said first. and second ends
thereof whereby, when said ‘opposing surfaces are
clamped toward one anothcr, ‘% higher clamping .
force is applied at a center of the element th:m at
said first and second ends thereof.

10. The element of claim 9 wherein said space formed
by said clearance means further allows insertion of the
pluralmes of fibers between saxd i'u'st an second plate

I




I ng_grooves therein, said f| rst plate member having first mkﬁ&%ﬂﬁ%ﬁﬂ
apd first ar }

anped s rfaces fornmed on said first and second ends,
respect i vel yREPEM% g 1 he fibers proximate a transition between t he

buf f.ered and xposed portTohsfof the fibers, said ranped surfaces having a
hei ght whi cl} ils p@NPRigg8t ely|equal to tlge thi ckness of the buffer coating.

members.

11. The element of claim 9 whcrcm said clearance
means comprises 2 plurality of pads attached to said
opposing surface of said first plate mcmbcr at said first
and second ends thereof.

12. The element of claim 11 whcrcm said first plate
member has a genenally rectanguhr shape defining four
corners, and said opposing surface of said first plate
member bas four pads integrally formcd thereon, one
pad at each of said corners.

13. The element of claim 9 mtended for use with
fibers having 2 buffered portion, _.the element further
including a porch area having ramp means for receiving
the buffered portion of the fibers, said ramp meaxns in-
cluding guide groaves which are gcna'a.ny aligned with
said fiber receiving grooves. .

14. The element of claim 9 furthcr compnsxng a third
plate member adjacent said second plate member, form-
ing a second pair of opposing surfaces, at least one of
said surfaces in said second pair having a second plunl
ity of fiber receiving grooves therein. .

-15. An element for splicing a first plurality of optical
fibers 10 a second plurality of Opucal ﬁbexs. the element
comprising:

first and second plate members, deﬁnzng a first pair of

opposmg surfaces, both of said surfaces of said first
pair being mailleable and at Ienst one of said sur-
faces of said first pair having a first plurality of
fiber receiving grooves therein: and

a third plate member, said second and third plate .

members defining a second pair ‘of opposing sur-
faces, both of said surfaces of said second pair being
malleable and at least one of said surfaces of said
second pair having a second plurxlrty of fiber re-
ceiving grooves therein, and at least two of said
first, second and third plate members being formed
from a single sheet of mﬂabl“ riaterial having a
fold line forming a hinge.
16. The clement of claim 15 further comprising means
. for guiding a first set of the first plunhty of optical

____,———*—'—J*"-“‘
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ﬁbers to smd furst pluralivy of f'bcr receiving grooves
and for guiding a second set of the first. plurahty of
optical fibers to said second plurahty of fiber receiving
grooves.

17. The element of claim 16 whcrcm said guiding
means comprises a plug adjacent a first end of said first,
second and third plate members,said plug having a first
set of orifices directed toward said first plurality of fiber
receiving grooves, and a second, set of orifices directed
toward said second plurality of fibér receiving grooves.

" 18. The element of claim 15 wherein said first, second
and third plate members are all.-formed from a single
sheet of malleable material, said shest havmg two fold
lines forming hinges and being folded in a Z-shape.

19. The element of claim 15 wherein said first plate
member has first and second ends. and includes means
prcmdmg a clearance space between said first pair of
opposing surfaces at said first and second ends.

© . 20. An element for splicing a first plurality of optical
fibers to a second plurality of opnal fibers, the element
comprising:

a first generally rectangnlar plate having first and
second ends, and four corners, and further having
ramped surfaces at said first and second ends;

ﬁrstmdsecondporchs:mched tomdmtegnl with
sa2id first and second ends, respectively, of said first
plate, said porches having a- plumhty of recessed
guide grooves immediately adjacent said ramped
surfaces;

a second generally rectangula:_.-_.plate approximately
equal in size to said first plate, said first and second
plates being formed from a single sheet of malleable
material having a fold line forming 2 hinge, said
first and second plates bang folded toward one
another, defining an opposmg surfacc of said sec-
ond piate, said opposing surface having 2 plurality
of fiber receiving grooves therexn. aligned with
said guide grooves in said rchs and gcncnlh'-
parallel with said fold line: and_

at least four pads integrally formed' 'on said first plate,
one pad at each of said comners. -
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21. An element for sphcmg 2 ﬁm plunhty of optical
fibers to a second plurality of opncxl fibers, cach of the
optical fibers having a buffered portion and an exposed
portion, the buffered portions having a buffer coating of
known thickness, the element compnnng first and sec-
ond plate members t'ormmg a pair of opposing surfaces,

at least one of said opposing surfaces of said first and

i second plate members having a plurality of fiber receiv-
ing grooves therein, said first plate member having first
:ndsecondmds,andﬁmmdmdnmpedsurfaczs
formed on said first and second ends, respectively, for
supporting the fibers proximate a transition between the
buffaedmdaposedpomonsofthcﬁbers.smdrmped
surfaces baving a height which is approximately equal
to the thickness of the buffer coaimz.
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