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ntion 1. Field of the Invention The pn@&ﬁﬁIIJ v,ntlon

eral | ywiopd, st 0 devices for optically connecting the engﬁT /$é?9
egui des suc as optical fibers, and nore particularly to I"C

which splices a plurality of pairs of susfp-optical fibers.

MULTIPLE OPTICAL FIBER SPLICE

Background of the Invention

d o ve

; 5 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.
10 es (»] the
: 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
15° 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
20 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,
I 25 mass fusion welding, requires that each fiber be placed
in a groove of a rigid 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,
30 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
35 regquires 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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scription of the Prior Art Splice devices for optical fibers
known in the art, but there is still a need for a quick and reliable
retfhod of wap93/08422 a plurality of fibers in a high density epgrTnsyIrsT29
Pripr to the introduction of splice devices which join a plurality of
optfcal fibers in a single splice body (;g;scussed further below), this was
accpnplished by utilizing a plurality of single fiber (discrete) splice
devfces. Thi 0 LV il ngugt : o er
resfilted in gfggggé%Vo 3§§s§fa§6%h§§ %@d?eglaﬁFéﬁ %?%ﬁﬁraﬁﬁg?§%% oxes, or
reqli re specifibercaldgning gropyeso radpthpd 2ieeyer cpiake ,ig applied
Sevpral syst gerNdte F9Perdunyce¢nkl sabdipate| Neher 86V latdl hawimgy f i ber
spl fci ng. One techni que, nass _fusion weldlngé requi res_that each fiber be

pl ated means to chemically adhere to the fiber and substrate.

5 Adhesives 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

10 contaminants to the fiber interfaces. Splice devices
using adhesives also require extensive polishing of the

'b fiber end faces to achieve acceptable light transmission,

and some adhésive splices further require the use of a
vacuum unit to remove trapped air.

15 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

20 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 since the cleave length must be exact to
avoid any offset of the fiber end faces, which would be

f 25 extremely detrimental to splice performance. Secondly,
it is critical that the opposing V-grooves be exactly
aligned, which is unlikely 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 necessary in order to
optimize transverse alignment of the fiber pairs, and
also affects fiber deformation.

Another problem with several 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 of all, it is generally
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'groove of a rigid substrate having several such grooves. Best fit
aging is used to align the fiber pairs and an electric arc is created,

nefgting t Lhersd i ps and permanently fusing themtogether. .
tanq very ng%??igé%\int limtation of fusion splicing is the grgﬁl@%}e&g?g of

fusi on wel ders. Fusion welding al so psecludes | ater fiber renoval or
regosi tioni ng. Anot her common nul ti ple splicing technique

ALY O WU R GRS Yr i1 YP rod fbn') Un iR WerlRscd 028, 262, @
manufacturing cost. Rigid substrates must also be
handled more carefully since they are brittle and thus
5 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
10 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, 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 process, 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 splice, however, requires the attachment
‘ of two subassemblies prior to insertion of the fibers
into the alignment members, and further uses about a
*_ 25 dozen clamps and bolts, making 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 fiber interface also
causes deformation of the fiber resulting in more signal
30 loss than if there were a more gradual clamping toward
the interface. This problem also applies to other splice
designs, such as that depicted in European Patent
Application No. 88303777.2, which further suffers from
the non-uniform application of clamping forces to
s different fibers.
In light of the foregoing, it would be
desirable and advantageous to devise a high performance
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> fibers are first aligned on a plastic substrate having fiber aligning
oves, and then a cover plate is applied over the fibers and the

su stratembyoscmer pl ate having nmeans to chemcally adhere L §§9/6d‘79§3r
and substrate. Adhesives 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

L, ot N L P eI 1 SRTEn B WANERCHRES et . o

requi re exterre8quins|fusion welding, or adhesives and polishing. The
device should provide a uniform clamping force to each of
the fibers, and provide gradual clamping to minimize

5 undesirable deformations such as microbending at the

clamp transition. The cleave length of the fibers should
not be critical, and means should be provided to optimize
fiber alignment, including the use of ductile clamping
surfaces. Finally, the splice should be simple to use,

10 especially for field installation.

Summ o] ve
The foregoing objectives are achieved in a

device for splicing multiple optical fibers comprising a

15 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

20 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 interposed between
the plates to insure gradual clamping when the wedge is

25 forcibly urged against the plates or against a tongue
which is interposed between the plates and the wedge.
The splice element may further have an extension or
porch, with a ramp to facilitate insertion of the fibers
into the splice element.

30 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 fiber splices. Special

s g

guides positioned at each end of the plates may be used
to direct some fibers upward to one splice layer and

35 others downward to the other layer. End covers are
provided to protect the splice element and exposed
fibers, and to provide_gg,gggironmental seal.
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' 390 pat gresents an inprovenent over earlier nultiple splice

ces i nW F%éi“”%& utilizes a fol dabl e hol der having a seri esPCF/US92/06228s

on ?oth sides of a central hinge region. The nethod of attaching the fibers

he hol der, however, presents additiops+ problens not present in earlier
ces. Flrst of all, since adhe5|ve S used to affix the fibers to the
er [ e e indgs bers becones a critical step
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ndly, it anﬁ(ﬁeﬁ|i9§thrwn Qhﬁaanﬂﬁmda@;cdagmubvegmbelaxauth9nal|gned
h is unlijalenty Howder) MEA ¢RI ¢ Whdei®tood 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
18 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
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.

| 25 escription of th eferred Embodim
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. Nevertheless, the term "splice"
should not be construed in a limiting sense since splice

35 10 can indeed allow removal of the fibers, as explained
further below.

With further reference to Figure 2, splice 10
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' 390@patent; otherwise, there will be transverse fiber offset resulting in

I ncr gased signal loss. Finally, the '390 hol der would not maintain the

oppoki ng pl ectly parallel, which is necessary in order to optinize
tranfverse a ﬁ%ﬁ% of the fiber pairs, and also affects fi be‘l‘(«"'/Uss‘g’06729
def ojnati on. Anot her problemw th several of the foregoing

spliﬁing devices is that they used rigid séhstrates to clanp the fibers.

Ther ¢ are several_ disadvantages to the use of rigid substrates. First of
all,lit is geddicdydes a generally rectangular body 12 which is

essentially comprised of a jacket 14 and a cap 16.
Splice 10 also includes a splice element 18 and
longitudinal actuation means 20 for applying pressure to
5 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
10 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
15 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
16. Projection 28 has two transverse bumps 32 which snap
into recesses 34 of cap 16, providing a snug fit between
20 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
! 25 26. End covers 40 and 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,
respectively, by any convenient means, such as arcuate
30 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 4.
End covers 40 and 42 also include hooks forming latches
50 which snap into notches 52 in extensions 36 and 38 and
35 securely maintain the end covers in a tightly closed
position. |

Jacket 14 and cap 16 define many overlapping
This Sheet Has Been Replaced
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hé'! difficult to formgrooves in a rigid material, such as by etching,
grifndi ng or erosion, which increases nmanufacturing cost. Rigid substrates
qugt  al so W gapgsded nore carefully since they are brittle angetRigo2R884d Y
darfaged. Most inportantly, the use of a rigid substrate having grooves
thgrein results in poor alignnent of the fiber pairs (as well as

unggressary fi ber deformation), leading T0 higher insertion | oss. These
. . ¢ . .
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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 54 which slides under a
5 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
10 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
i5 a ductile metal such as aluminum, although polymeric
materials may also be used. Material selection is
described further below. Certain features are embossed,
coined, stamped, molded or milled into element 18. First
of all, a groove 70 is formed on the outside surface 72
20 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 a notch 78, opposite

, 25 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 facilitate folding.

30 In one embodiment of the present 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 groove 70. Those skilled in the
art will appreciate that the V-grooves may instead be

' 35 formed in plate 74, or in both plates, and further that
the shape of the grooves is not limited to a "V" cross-
section. Nevertheless, in the preferred embodiment only
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Wﬁ!?% difficulties may—be avoidéd by the use of a substrate which is
mal 1 eabl e, el astomeri cpQlspedftstean Repladedr t unat el y, however, the use of such

materials een : ed nor inplenented. For_exanple, U. S
Pat ent NO‘QQ%GZ@£24 tegmmimggj‘mﬁrl gid V- grooves may beP¢T/HO2UHIR a
t e

ductile material. This manuf acturing process, however, and
adds significant cost. In U S. Patent Nor8#, 6 102,561, the splice device

utilizes two alignment nmenbers fornmed of a resilient material which may
def pr m agai n®ne f fEherpiatesckas greaves|thareibwans thesguidresVrhe

attpchment ofgd A URAY SRGPAR CEnBér fir ldhd I Y 1aHbud eohe T itheRpisnto the

al ignment nenber's, and fufther uses about™ a dozen cl anps and bolts, nmaking
t hel devi ce vaR3nney (i waen 2ofikeris (Haged|in @neriafathe gxreYEsSapply to

the devi illustdmped by tuSrabatentoNPplabd 4, ,12he pPinte bFekbntact
5 between element 18 and the fiber generally form an
eguilateral triangle 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 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

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
ramps 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 of the fiber and the exposed portion
were to lie in the same plane. 1In other words, the

transition from buffered fiber to exposed fiber occurs
? 25 proximate ramps 88. 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.

As an alternative to ramps 88, recesses (not
shown) may be provided in extensions 36 and 38, under
porches 84, to allow the porches to be flexed slightly
downward. Such a construction would be most advantageous

35 if the alignment grooves on the porch of the element were

continuous with the V-grooves in the center of the
element, i.e., both sets of grooves were formed in only

e v w T
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Tarrpl ng action di ret’f‘l’;T'?a_t’tpﬁé fi b dlnterface al so causes deformation of
h

e fiber resultlnglltmnnmﬁﬁw ? €s than if there were a nore gradua

| anpi ng toward the int l robl em al so applies to other splice
tdesi gns, /884 %hat o opean Patent Appli cati oRCROUS92/06729
su

88303777.2, which furth ers fron1t9e non-uni f orm appl i cati on of
cl anpi ng forces to different fibers. In light of the foregoing,

't would be desid A fe 3 Y FUAPEY TS FAIRE A et . PeTHOIRACE
manner, after the fibers had been inserted and the
element actuated, the porches could be bent down to
relieve bending strain on the fiber caused by the

5 transition in the effective diameter thereof due to the
buffer coating.

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired
application. Grooves 86 should be aligned with V-grooves

10 82 when splice element 18 is folded, to insure proper
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 which directly oppose

15 V-grooves 82} it is still beneficial to use the
aforementioned focus hinge in order to optimize the
alignment of grooves 82 and 86.

In the stamping process which creates splice
element 18, stop pads 90 are also advantageously formed

20 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 90 provide a

25 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 90 insure that, when element 18 is

30 actuated and clamps the fibers, the maximum clamping
force is exerted only along the central 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 been found to

35 significantly reduce signal loss resulting from the
deformation of the fibers, i.e., prior art splice devices
exhibited an abrupt clamping deformation which induced
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= -'. for nultiple optical fibers which does not require
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t be critical, and
tion. The cl eave Iength “of the fibers should no

Lé:gzlshould be provided to optimze fibeyoalignnent, |nclud!ng|th? usgeof
mal | eabl e cl anpi ng surfaces. Finally, the splice should be sinple to use,

especial ly f righer dlossesy | ati on.
Assembly and operation of splice 10 are both

straightforward and may best be understood with reference
to Figure 5. Splice element 18 is placed in slot 26 in a

5 folded state; in this state, clearance is still provided
by stop pads %0 to allow insertion of the fibers, so this
may be considered an open state, as opposed to the
Cclosed, clamping state. An index matching gel is
preferably deposited near the center of element 18.

10 Wedge 22 is then placed adjacent tonque 24, and jacket 14
is snapped into cap 16, whereupon wedge 22 becomes

Q.*' disposed against another ramp 92 formed in the lower

portion of jacket 14. The upper surface of wedge 22 is

generally parallel with plates 74 and 76, while the lower

15 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 jacket 14, above ramp 92.
End covers 40 and 42 may be attached to extensions 36 and
38 at any time in the assembly process (although they are

20 not snapped intc the closed position until after the
fibers have been spliced). All of the foregoing steps
take place in the factory, and splice 10 is provided to
the user in the state shown in Figure 1 (less the fiber

ribbon) .
qb 25 When the user has located the fibers to be {
spliced, they should be stripped and cleaved according to
well-known methods. 1In 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
30 individual, discrete fibers. Such discrete fibers may be
more conveniently handled by first arranging them side-
by-side and applying a piece of tape or other means to
effectively create a fiber ribbon. If fiber ribbon is
being spliced, the outer coating which surrounds the
35 individual buffered fibers should also be removed.
Once the fibers or ribbons have been inserted
into body 12, splice 10 may be actuated by longitudinally
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;S ry of the Invention fore90|ng objectlves are achi eved |n'

a device for splicing nultiple op “ rising a splice el enent,

a body surrounding the splice eIe e providing uniform
transver sewe) ¢49s429 of the fi bers el ement. The pgd g;g)q‘s
conprised of a jacket portion and a cap portlon which interlo to d the
splice elenent. The splice elenent is pr erably formed of a mall eable

material, and |s hi nged to define two pl one plate having a series of

Ilel V- P! f ol.ded t t uat
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t ojgue whi ch ffb%] e%] éq%mn t g P!t %n@g&r}%nmgggebeme splice
er

el gnment may furt
accomplished by simply using a screwdriver or other tool

W » M,

5 to push wedge 22 forward. The screwdriver may be applied
to the cutout 98 formed in wedge 22. As wedge 22 moves
forward onto ramp 92, it causes tongue 24 to press

against the outer surface of plate 74, clamping the
fibers between plates 74 and 76. The width of tongue 24
10 is approximately equal to the width of plates 74 and 76.
As discussed above, the clamping forces gradually
decreases towards the ends of splice element 18 due to
stop pads 90. This effect may be enhanced by making the
lengths of wedge 22 and tongue 24 shorter than the length
15 of plates 74 and 76 so that the clamping force is applied
primarily at the center of splice element 18, and not at
its ends. In the preferred embodiment, the length of
that portion of wedge 22 contacting tongue 24 is about
one-half the length of plate 76. The use of tongue 24
20 also prevents undue deformation of plate 74 which might
otherwise occur if wedge 22 were to contact splice
element 18 directly. Wedge 22 provides excellent
mechanical advantages, including high transmission of
forces, and the uniform application of force parallel to
* 25 plates 74 and 76. Also, due to the coefficient of
friction of the materials used for jacket 14, wedge 22
anéd tongue 24, actuation means 20 (i.e., wedge 22) is
self-locking, provided it has an angle of less than about
g°. The preferred angle is about 5°. If wedge 22 is
30 provided with a detent or catch 99, which abuts a facing
surface of cap 16, then self-locking capability is
unnecessary. Simplicity in the use of splice 10 is
evident from a summary of the above steps: stripping and
cleaving the fibers, inserting them into body 12, and
35 sliding wedge 22 forward. A double wedge (not shown) may
be used in lieu of single wedge 22.
After the splice is completed, end covers 40
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splice el enent. A stacked splice elenent may be provided in

t he body [ e than two plates, e.g., a three-plate stac
Jgaﬁggiayers of fiber splices. Special guides poéﬁﬁYUﬁ$M“§F9

each end of the pl ates may be used to direct sone fibers upward to one
splice layer and others downward to the=d8her |ayer. End covers are

provided to protect the splice elenment and exposed fibers, and to provide
an envi ronnerd 42:Mmay be moved to the closed, latched position to

provide environmental sealing and protect the exposed

fibers. 1In this regard, legs 100 of the end covers,
which rest on stage areas 102 of porches 84, help keep

§ the fiber ribbon aligned with splice body 12, i.e., they

oppose sideways bending of the ribbon proximate the

! entrance to slot 26. Legs 100 alsc provide additional
sealing of slot 26 since they are positioned at the sides
thereof. Although not designed for disconnection and

i0 reconnection, splice 10 may allow removal of fibers by
simply opening end covers 40 and sliding wedge 22
backward. A space 103 may be provided between jacket 14
and wedge 22, in the actuated state, to allow insertion
of a screwdriver or other tool for this purpose.

15 Several different materials may be used in the
construction of splice 10. Splice element 18 may be
constructed from a variety of ductile metals, such as
soft aluminum. The preferred metal is an aluminum alloy
conventionally known as "“3003,% having a temper of 0 and

20 a hardness on the Brinnell scale (BHN) of between 23 and
32. Another acceptable alloy is referred to as "1100,"
and has a temper of 0, H14 or H15. Acceptable tensile
strengths vary from 35 to 115 megapascals.

Other metals and alloys, or laminates thereof,

‘» 25 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 desirable to provide a
transparent splicing element to facilitate the splicing
operation. In such a case, a clear polymeric material

30 may be used. Suitable polymers’ include polyethylene
terephthalate, polyethylene terephthalate glycol,
acetate, polycarbonate, polyethersulfone,
polyetheretherketone, polyetherimide, polyvinylidene
fluoride, polysulfone, and copolyesters such as Vivak (a

a5 trademark of Sheffield Plastics, Inc., of Sheffield,
Massachusetts).

. As an alternative to providing a splice element
This Sheet Has Been Replacec
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B ;. ? Brief Description of the Draw ngs The novel features and
scdpe of the invention are set forth in the appended clains. The invention

itsel f, however, wi || Thie8leetlbias BpoefRapBtedod by reference to the acconpanying
: drawi ngs, wine3/e5422 1 IS a perspective view ofpgmhesssbéizpl e
optical splice device

i nvention; Figure 2 is an
expl oded perspective view 0O e sp

|ce_? vice of the present invention;
Figure 3 is a perspective view of the splice elenent used in the multiple

fiber splicecdfyes@ctleat B¢ B @8eBinaBYENhaLErihl, | 168 HBYOLASH24 A&

j formed of a more rigid material provided that V-grooves

82 and/or surface 80 are lined with a deformable
i material. The primary requisite is to provide a material
5 which is softer than the glass comprising the optical
fiber and cladding, and which is ductile under the
clamping pressures applied to the optical fiber. It is
also desirable that the material be elastic at low stress
levels to afford sufficient elasticity to maintain a

10 continual compressive force on the optical fibers once
plates 74 and 76 have been brought together.

Furthermore, a coating may be applied to the ductile

* material to reduce skiving of the material as the fiber
is inserted. For example, an obdurate coating in the

15 range of 1 to 2 um may be applied to surface 80 of splice
element 18.

Splice bedy 12 may also be constructed of a
variety of materials, basically any durable material and
preferably one that is injection moldable, although die

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

25 Injection moldable materials include liquid crystal
polymer, such as that sold under the trademark VECTRA
Al30 by Hoechst Celanese Corp. of Summit, New Jersey.

The dimensions of splice 10 may vary widely
according to the desired application. The following

30 (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
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

35 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
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its minimum thickness is 0.76 mm.

With respect to splice element 1s, several of
the following approximate dimensions are based on the
size of conventional multiple fiber ribbon cables. The
length of plate 74 (including porches 84) is 23 mm, while
the length of plate 76 is 20 mm. Both plates have a
thickness of 530 pm, and stop pads 90 rise 18 #m above
surface 80. V-grooves 82, pPreferably spaced 250 um
apart, are 130 unm deep and have a maximum width of 180
Hm. Grooves 86, which are approximately trapezoidal in
the preferred embodiment, also have a maximum width of
180 um, and a minimum width of 120 bm, and are 180 um
deep. Ramp 88 descends 250 um, i.e., the upper surfaces
of grooves 86 are 250 um from surface 80.

Two alternative embodiments and design
modifications are shown in Figures 6 and 7. Figure 6
illustrates a modified end cover ¢2° 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 compartment 104 defined by a wall 106 which
is attached to the inner surface of cover 42’ by a living
hinge 108. as eng 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 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'la' having two layers of
splices. Stacked splice element 18- may be formed of
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.thegul tiple optical fiber splice device 10 of the present invention.

" Al 't hough the

term"connector" nmay be applied to splice 10, that termis

usual ly r r r devices which are intended to provide e Moyl
s and di scoﬁgé(?ﬁ‘%ﬂ??as opposed to a splice which is usually c?@@%ﬁgﬁgsb

per manent. Nevertheless, the term"splice" should not be construed in a
limting sense since splice 10 can i nde&&531 | ow renoval of the fibers, as

expl ai ned fu
splice 10

10

15
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'Eﬂyaétgﬂég%ate element;y I&ﬁf%%FQ%rPQ%E%E%%ig %%ngkggé%e%’

of a single element having two integral hinges, folded
into a 2-shape (accordion-fold). In this manner, the
three sections of the sheet defined by the hinges result
in three different plates 114, 115 and 116. It is not
necessary that the two splice layers formed thereby be
parallel, but this is preferred to simplify the wedge
actuation. An alternative construction would provide a
single sheet of material having two parallel hinges
separated by a small distance, e.qg., 50 um, forming the
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,
i.e., every other fiber, upwards to the top splice layer,
and the remaining fibers downwards to the bottom splice
layer. Guide plug 118 has grooves 120 formed in a porch
area 122 therecf, similar to porch 84 ¢. element 18;
grooves 120 help align the fibers with orifices 124. 0f
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
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, 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.
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' w ————'—““T’ﬁﬁ_udes a generally rectangul ar
body 12 which is essentially co mﬁﬂul t 14 and a cap 16. Splice
10 al so includes a splice elenegrﬁuﬂw i nal actuation neans 20
for applyi WMOBR3/88422 e to splice elenent" 18 I'n the preferred BGHAHRRLTI9
actuation neans 20 conprises a wedge 22 having surfaces defining an acute
angle, which is captured between jacket dfgand cap 16. A tongue 24, which

is integrally nolded with cap 16, is advantageously interposed between
wedge 22 and gpkiladmel enment 18 as di scussed further bel ow. Jacket 14 has a

longitudinal slot 26, rqctangul fte! Pof’ 95718884 & AU H&AA NG Wy ouoh
optical fibers to a second plurality of optical fibers,
the device comprising:
5 a splice body;
splice element means located in said splice
body for holding the first and second plurality of
optical fibers; and
longitudinal actuation means for clamping said
10 splice element means.
2. The device of Claim 1 wherein:
said splice element means includes two plate
members forming opposing surfaces; and
said longitudinal actuation means comprises
15 wedge means having first and second positions whereby,

when said wedge means is in said first position, the
first and second pluralities of fibers may be inserted
between said opposing surfaces of said splice element
means and, when said wedge means is in said second
20 position, it applies a clamping force to said splice
element means, urging said opposing surfaces together.
3. The device of Claim 2 wherein:
said splice body has a cavity therein having a

ramped surface; and
25 said wedge means comprises a wedge member
having first and second surfaces defining an acute angle,
said first surface being generally parallel to said
opposing surfaces of said splice element means and said
second surface being generally parallel to, and adjacent
3¢ with, said ramped surface.

4. The device of Claim 2 wherein said wedge
means includes means for receiving a tool to facilitate
actuation of said wedge means.

5. The device of Claim 2 wherein said splice

35 Dbody includes a tongue member interposed between said

e

wedge means and said splice element means.

6. The device of Claim 3 wherein said acute
s Sheet Has Been Replaced
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¢ec!|V|ng a splice elenent 18, -stet—2671s slightly shorter than splice
el

nt 18, allow ng both nt 18 to extend beyond the ends of
sl ot 26. als Iy nol ded mal e couplin s
prolectloﬁaggﬁhﬂ%éﬁ na eavfty 30 forned in cap 16. gS?éJecpk8%;28

has{two transverse bunps 32 which snap into recesses 34 of cap 16,
proyiding a snug fit between jacket 14 amf Tap 16. Jacket 14 and
cap'16 each have exten5|ons 36 and 38, rquectively, whi ch recei ve end

covers 40 and®n@le ris iR (gRRAteT BhamARARE ¥° and 38 have recessed surfaces

whi ch support the fibery, athé hbewide A Clim! Piwkdrefid covers 40 and 42
i mpart protection to the

envi ronnment al infl uence%af%rﬁfig?/g{‘ b%%ﬂ%%%%&%%f?ﬁ%ﬁlﬁswa ¢l gfltSI ons
36 and 38 of hareingcketemtwhlgportion; and
5 said wedge member is shorter than said plate
members and, when in said second position, said wedge
menber applies said clamping force to said central
portion of said splice element means.
8. The device of Claim 3 further comprising a
10 tongue member formed integrally with said splice body,
said tongue member interposed between said cavity and
said splice element means, in contact with said first
surface of said wedge member.
9. The device of Claim 5 wherein:
15 said plate members are generally rectangular;
and
said tongue member has a width approximately
equal to the width of said plate members, and is in
contact with one of said plate members.
20 10. The device of Claim 5 wherein said tongue
member is formed integrally with said splice body.
11. The device of Claim 7 further comprising a
generally rectangular tongue member formed integrally
. with said splice body, extending into said cavity
? 25 thereof, and having first and second surfaces, said first
surface being in contact with one of said plate members,

and said second surface being in contact with said first
surface of said wedge member.

e

e
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ctively, by any such as arcuate jaws 44 which snap

ontd and rotatably gri The si de edges 48 of extensions 36
and {38 are rounded to all“ﬁ{ﬂ[“ﬂﬁ“ 40 and 42 to rotate on Hﬁﬁg r]Irsl
End lcover WQ@3/9842212 o ) ooks forming | atches 50 A $72ht o

not ches 52 in extensions 36 and 38 and securely maintain the end covers in

a tightly closed position. Jaché+ 14 and cap 16 define many
over | appi ng

12. A device for splicing a first plurality of
optical fibers to a second plurality of optical fibers,
the device comprising:

a splice body having a slot therein and a

5 cavity adjacent said slot;

a splice element located in said slot of said
splice body, having means for holding the first and
second plurality of optical fibers; and

wedge means located in said cavity of said

10 splice body for applying a clamping force to said splice
element.

13. The device of Claim 12 wherein said wedge
means applies said clamping force only to a central
portion of said splice element.

15 14. The device of Claim 12 wherein said splice
body includes a tongue interposed between said wedge
means and said splice element.

15. The device of Claim 12 wherein:

said splice element includes two plates; and

20 said wedge means has first and second positions
whereby, when said wedge means is in said first position,
the first and second pluralities of optical fibers may be
inserted between said plates and, when said wedge means
is in said second position, it applies a clamping force

25 to said splice element, urging said plates toward one
another.

16. The device of Claim 12 wherein:

said cavity in said splice body has a ramp;

said splice element includes two generally
30 rectangular plates; and

said wedge means comprises a wedge having first
and second surfaces defining an acute angle of no greater
than about 9°, said first surface being generally
parallel with said plates, and said second surface being
35 generally parallel with said ramp.
L—— 17. The device of Claim 13 wherein:

] said cavity in said splice body has a ramp;
Sheet Has Been Replaced
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+7-¥Wsurfaces which inpart additional environmental sealing and further
I nhijoit separation of these two Dﬁg@ Hgnts of body 12 by, e.g., bending of

bodyf 12. e, PH l E a lower tier 54 whic ' er
a cdnopy E@S?%% on tuﬁ% ll]“!! so includes bosses 58r}’v@illéﬁsilpgi$nto
recgsses (not visible in the Figures) in the corresponding face of jacket

14. |Projection 28 and cap 16 further havd¥mclined surfaces 60 and 62 which
result in a greater contact surface area and nake it nore difficult to pop

jacklet 14 and cap 16 apsaid SPhbicfliekpnentn inghudemkitva generaddy

Tur ni ng now | . yce elenent 18 is described in further
e ddadiyefa ; 4
ma

detail. Splice elenent 18 3/ \ . )
said wedge means comprises a wedge having first

and second surfaces defining an acute angle of no greater
5 than about 9°, said first surface being generally
parallel with said plates, and said second surface being
generally parallel with said ramp, said wedge further
being shorter than said plates, and being locatable in
first and second positions within said cavity, said wedge
10 allowing insertion of the first and second pluralities of
optical fibers between said plates when said wedge is in
) said first position, and said wedge applying a clamping
‘qr force to said splice element, urging said plates toward
one another, when said wedge is in said second position.
15 18. The device of Claim 14 wherein:

said splice element includes two generally
rectangular plates; and

said tongue has a width approximately equal to
the width of said plates, and is in contact with one of

20 said plates.

19. The device of Claim 16 wherein said splice
body includes a tongue extending into said cavity, said
tongue having first and second surfaces, said first
surface contacting one of said plates and said second

25 surface contacting said first surface of said wedge, said
first and second surfaces of said tongue being generally
parallel.
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-begornmed froma sheet of defornmable material, preferably a nmalleable netal
such as al um num al thetgh—polymeri c nat naterlals may al so be used. Materi al

selection is described ﬂﬁ‘lﬂm“‘:ertal n features are enbossed

icoi hed, stVWEHI3N54RDI deHm “ tilll el enent 18. First of WU§9H%7&%
70 |s formed on the outside surffacé 72 of el ement 18. Groove 70 forms an
arep of reduced thickness to define a besabdine or hinge, and separates
elepent 18 into two legs or plates 74 and 76 having essentially the sane

wi dith. The hinge is prezerablgultﬁpmzi¢gtinkﬁtﬁihaﬁqukﬁdnxddwﬁgea notch 78,
opp)site gro ¥§%§p the I nside surface 80 of elenent. This creates a
"fogus hinge" ﬁ 8V|des nore accurate registration of plates 74 and 76

whep they are fol ded to@eﬁhb#ce@@(mwmﬁtﬂmﬂmm andslaot 81 may

al sp be punchegypefy 2858LERENSald 1ot Addid iy Hang a ramp,

5 said splice bedy further having a generally rectangular
tongue extending into said cavity, parallel with said
slot, said tongue having first and second, generally
parallel surfaces;

a splice element located in said slot of said
10 splice body, said splice element including two generally
rectangular plates, a central portion of one of said

plates contacting said first surface of said tongue, and
both of said plates having a width approximately equal to
the width of said tongue, and a length greater than the
15 length of said tongue; and
a wedge having first and second surfaces
defining an acute angle of less than about 9°, said first
surface of said wedge being generally parallel with and
contacting said second surface of said tongue, and said
20 second surface of said wedge being generally parallel
with and contacting said ramp, said wedge further being
locatable in first and second positions within said
cavity, said plates being sufficiently separated when
said wedge is in said first position to allow insertion
25 of a plurality of optical fibers between said plates, and

said wedge applying a clamping force to said splice
element, urging said plates toward one another, when said
wedge is in said second position.
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In ong enbodi ment of the present invention, plate 76 has a series of

V- shaped grooves 82 enbossed on the inside surface 80 of el enent 18.

Vi grooves 82Wr23/@8422ral ly parallel with groove 70. Those skilled in the

art will appreciate that the V-grooves R i nstead be fornmed i NPEI/AS92/06729

or in both plates, and further that the sShape of the grooves is not limted

to a "V' cross- section. Nevertheless, int referged enbodi nent only
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one l t he 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 in
one of t heWgrBd8s22and cl anped by surface 80 of plate 74, the points of
contact between element 18 and the fiber generally forman ed&TVHE®/86729
triangle which mnimzes transverse offse@y3and thus reduces signal loss in

the splice. Plate 74 is further distinguished fromplate 76 in
that plate 74 has extensions or porches 84 which al so have grooves 86
t herein, although grooves 86 do not extend the full |ength of plate 74.

G ooves 86 are also wider than V-grooves 82 since it s intnd that the
portion of the fibers |ying on porches 84 wll still ei uffer
coat/i ng, but this coating is stridqped fropd

~
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t'he fifber ends which are cl anped between plate 74 and V- grooves 82 (i.e.,
the byffered portions of the fiber have a |l arger dianeter than the exposed

porti ns).

tora
Ranps
woul d

were fo lie in the same plane.

fiber
of ra
surro
t hey
t he

'

24

Undi ng the fiber.
are preferably formed in platyg 74 wher et§
| ates are fol ded together.

Ranmps 88

I n other words,
to exposed fiber occurs proximate ranps 88. Accordingly, the height
"ps 88 is approximately dfual to the thickness of the buffe

y be formed in p@8ch ar easgE

OMODe37es8 are further recessed in surface 80, and are adjacent

s 88 leading up to surface 80, as Hi_)/e clearly seen in FPQINS94/06729
88 elimnate m crobendi ng (which ca &5

result if the buffered portion of the fiber and the exposed portion

further signal |oss) which

the transition from buffayed

1<

103

99

)
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y alterrgRi¥2 3 84687 88, recesses (not shown) negbbez2®yovogled in

ext efsi ons i@ Mirderg @ord Mfg.8€0.t0 all ow t he .porches to be bent
slightly dov@warRef Sudh 24 @&Bstructi on woelléd be nost. advant ageous if the é
al i gnment grooves on the porch—ef—the—etement were conti nuous with the [

]y;)?{rggv?rs] LEI ;he center T‘“m‘tmm‘“nmm“‘ e., bot h_g?ts of grooves were
*+ ¢ L ® § ¥

CLAIMS:

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

: S a splice body;

splice element means located in said splice
body for holding the first and second plurality of
optical fibers; and

longitudinal actuation means for clamping said

10 splice element means.
. 2. The device of Claim 1 wherein:
* said splice element means includes two plate

members forming opposing surfaces; and
: said longitudinal actuation means comprises
15 wedge means having first and second positions whereby,
when said wedge means is in said first positicn, the
first and second pluralities of fibers may be inserted
between said opposing surfaces of said splice element
means and, when said wedge means is in said second
20 position, it applies a clamping force to said splice
element means, urging said opposing surfaces together.
3. The device of Claim 2 wherein:
said splice body has a cavity therein having a
ramped surface; and
* 25 said wedge means comprises a wedge member
having first and second surfaces defining an acute angle,
said first surface being generally parallel to said
opposing surfaces of said splice element means and said
second surface being generally parallel to, and adjacent
30 with, said ramped surface.

4. The device of Claim 2 .or 3 wherein said splice
body includes a tongue member interposed between said
wedge means and said splice element means.

5. The device of Claim 3 or 4 wherein:

35 said plate members are generally rectangular,
a central portion; and

"ZPLACEyﬁﬁnfSHggf said wedge member is shorter than said plate

0 6 APR 1996 This Sheet Has Been Replaced
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ond Phe plates—forning—the-splice elenent. In thﬂ£Phﬁ€Hkﬁﬁm&*¥“= t he
fibe ad bﬂ“ﬂﬂqmg ¢ t he el enent actuated, tlhg porches couly pe
hent &@wn t ol {lK | E ng Lstrain on the fiber caysdd gy Adresdogansifi on
[ cgeffec v- 8 k thiereof due to the buffer ccat?ﬁg}%m‘% 1 I The
of V-grooves 82 and 86 in splice el enent 18 i{s wartabte—dependi ng
upon t he desired application. G ooves 86 should be gligned with V-gropves
_ p splice element 18 is folded, to ins@re propel posrTroning of the
fibersiduring the clanping operation. Thus, while registration of plates 74
and 76 is not amembieriscaindas Whienh igoseigdr seeondtpepitiendesatdsveddace
there are no V- gLAResS apibiRled! @ald WhaRPiAg’ £65Ed €OP8EaVcEROPYES 82) it
is still beneficial to use the \
portion of said splice element means.
6. The device of Claim 3 further comprising a
S tongue member formed integrally with said splice body,
said tongue member interposed between said cavity and

said splice element means, in contact with said first

surface of said wedge member.
7. The device of Claim 4 wherein:

10 said plate members are generally rectangular;
and
* said tongue member has a width approximately
equal to the width of said plate members, and is in

contact with one of said plate members.
! 15 8. The device of Claim 4 wherein said tongue
member is formed integrally with said splice body.

9. The device of Claim 5 further comprising a .
generally rectangular tongue member formed integrally
with said splice body, extending into said cavity

20 thereof, and having first and second surfaces, said first
surface being in contact with one of said plate members,
and said second surface being in contact with said first
surface of said wedge member.

10. A device for splicing a first plurality of

25 optical fibers to a second plurality of optical fibers,
the device comprising:

a splice body having a slot therein and a
cavity adjacent said slot;

a splice element located in said slot of said

30 splice body, having means for holding the first and
second plurality of optical fibers; and

wedge means located in said cavity of said
splice body for applying a clamping force to said splice
element.

35 11. The devicé of Claim 10 wherein said wedge
means applies said clamping force only to a central
portion of said splice element.
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af o errentioned focus hinge in order to optinize the alignment of grooves 82
and |86+ I'n the stanping process which creates splice elenent 18,
sto mlﬁ dvant ageously formed on both plates 74 and 76 at the
cor nerg ﬂtmﬂ“m m e defined by the overlap of the plates. These pads
are sllght‘lyLral“seél with respect to the otherwise flat inside surface 80 of
element 18. In this manner, when elenent lg.is folded as in Figure 1, stop
pads 90 provide a clearance space between plates 74 and 76 facilitating

insertion of the fibers iherghetybeive A4 J1ad 10 qﬁt é’frP-V' di ng such
a clearance space will becp afg%,arent to thos ed | %: e art.. More
bR A

i mportantly, however, st®pt ilanant H2€ éntEPe e§g Addact yat ed

and clanps the fibers, tdwidexedgenmdampinag fdrse addesecbad pokitabasg the

central w dth ﬁaezell%g,envghen said wedge means is in said first position,

5 the first and second pluralities of optical fibers may be

inserted between said plates and, when said wedge means
is in said second position, it applies a clamping force
to said splice element, urging said plates toward one
another.

06 APR 1996
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"the cl anping force gradual ly decr eases noving fromthe center
the ends of elenent 18. This gradual clanplng transition has been

found§to significantly reduce signal |oss resul t'ing fron1the def ormati on of
the filbers, i.e., prior art splice devices exhi bi.ted-an abrupt -el anpi ng

tion which induced - 10-
-1..

Abstract of the Disclosure

A device for splicing multiple optical fibers
includes a splice element having two plates with fiber
receiving V-grooves formed in the inner surface of one of

5 the plates, and a splice body having a wedge to actuate
the splice element by clamping the plates together. The
splice body includes a jacket and a cap, there being a
slot in the jacket for receiving the splice element and a
cavity adjacent the slot for receiving the wedge. The

10 cavity has a ramped surface which causes the wedge to
move toward the splice element and clamp the plates as
the wedge is moved forward on the ramp surface. A
tonque, formed integrally with the cap, is preferably
interposed between the wedge and the splice element to

15 prevent deformation of the plates which might result from
direct contact between the plates and the wedge as it
slides forward. The wedge and tongue advantageously
apply the clamping force only at the center of the splice
element, allowing the ends thereof to remain slightly

20 flexed, thereby providing gradual clamping of the fibers
which reduces signal loss.
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high%r | osses. Assenbly and operation of splice 10 Yol dlal
sfraightforward and may best be understood with reference to FRWGEHE‘NT SHEET
Splice elenent 18 is placed in slot 26 in a folded state; injtfrs—state;

clearance is still provided by stop pads 9Q,{0 allow insertion Ofé@?g 7
fibers, so this may be considered an open state ‘as opposed fo tﬁ §@8

clanplng state. An index natc rgﬁgea ar _the
center of elenent 18. Wedge 2 ongug 24, and

jacket 14 is snapped into cap 16, mhereupon wedge 22 becones“-trsposetd
agai nst anot hergatgr Ay &r portion of jacket 14. The upper

surface of wedge 22 is geper J el ¥Ath gLates 74 and 76, while the

| ower surface of wedge 2 Tongue 24 is further

supported at its distal etk pressitel inddntion 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.

scri cn_of the Prior Art

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 spiice 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 rigid 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
also precludes later fiber removal or repositioning.

Another common multiple splicing techniqué
requires the use of adhesives, again with a substrate or
tray that has a plurality of grooves therein. For
example, in U.S.  Patent No. 4{028,162, a plurality of
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formed in the |l ower portion of jacket 14, above ranp 92. End
42 may be attached to extensions 36 and 38 at any tine in th
process (although they are not snapped into the closed positijo
the fibers have been spliced). Al of thg foregoing steps take
factory, and splice 10 is provided to th& user in the state gshown in Figure
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or other neaAgshesives are also used in the opt1ca1 fiber spllce
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
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 since the cleave length must be exact to
avoid any offset of the fiber end faces, which would be
extremely detrimental to splice performance. Secondly,
.1t is critical that the opposing V-grooves be exactly
aligned, which is unlikely with the hinge depicted in the
7390 patent; otherwise, there will be transverse fiber
offset resulting in increased signal loss. Finally, the
/390 holder would not 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

ﬁ@ use of rigid substrates. First of all, it is generally
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more difficult to form grooves in a rigid material, such
as by etching, grinding or erosion, which increases '
manufacturing cost. Rigid substrates must alsoc 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, elastomeric or ductile.
Unfortunately, however, the use of such materials has not
been fully appreciated nor implemented. For example,
U.S8. Patent No. 4,046,454 teaches that the rigid V-
grooves may be lined with a ductile material. This
complicates the manufacturing proceés, however, and adds
significant cost. 1In U.S. Patent No. 4,102,561, the
splice device utilizes two alignment members formed of a
resilient material which may deform against the fiber
surfaces. That splice, however, requires the attachment
of two subassemblies prior to insertion of the fibers
into the alignment members, and further uses about a
dozen clamps and bolts, making the device very difficult
to use in the field (similar problems apply to the devi
i illustrated in U.S. Patent No. 4,045,121). The primary
clamping action directly at the fiber interface also
causes deformation of the fiber resulting in more signal
loss than if there were a more gradual clamping toward
the interface. This problem alsc applies to other splice
designs, such as that depicted in European Patent
Application No. 88303777.2, which further suffers from
the non~uniform application of clamping forces to
different fibers. |
In light of the foregoing, it would be
desirable and advantageous to devise a high performance
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sliding wedge 22 toward jacket 14. In this regard, the term 'fTongrtudarnar
refers to novenment parallel with the fibers and grooves 82. [The fb#@%f%P
action may be acconplished by sinply using a screwdriver or jotlhe Z
push wedge 22 forward. The screwdriver Mgy be applied to thd det-out—08—0 |
formed i n wedge 22. As wedge 22 noves forward onto ranp 92, {it causes
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not at clamp transition. The cleave length of the fibers should

net be critical, and means should be provided to optimize

fibver alignment, including the use of malleable clamping

surfaces. Finally, the splice should be simple to use,

especially for field installation.

Summary of the Invention

The foregoing ohjectives 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 malleable 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
interposed between the plates to insure gradual clamping
when the wedge is forcibly urged against the plates or
against a tongue which is interposed between the plates
and the wedge. The splice element may further have an
extension or porch, with a ramp 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 accommodating two layers of fiber splices. Special
guides positioned at each end of the plates may be used
to direct some fibers 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 provide an environmental seal.
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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.

escriptio ef d Embodiment

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
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. 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 further reference to Figure 2, splice 10
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fibers,

inserting theminto body 12, and sliding wedge 22 forwar A ' —
wedge (not shown) may be used in lieu of single wedge 22. W‘? HEPLAQJF @\w%HEH

the splice is conpleted, end covers 40 _g-
-12- and 42 may be noved to the closed, |atched position to 12 MAR 1997

includes a generally rectangular body 12 which is
essentially comprised of a jacket 14 and a cap 16.
Splice 10 also includes a splice element 18 and

longitudinal actuation means 20 for applying pressure to
splice element 18. In 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
16. Projection 28 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, respectiveiy, 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 and 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,
respectively, 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 4s.
End covers 40 and 42 also include hooks forming latches
50 which snap into 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
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provi de environmental sealing and protect the exposed fiberg.[Tn this
regard, |egs 100 of the end covers, which rest on stage areps 1@% QAR 1997
porches 84, help keep the fiber ri bbon aligned with splice 2,

t hey oppose sideways bending of the repbon proximate the e
26. Legs 100 al so provide additi.onal sealing of slot 26 si
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el ement 18cara9pme5§oﬁ§me@teu eapnd 6. vaRaRtdf Flsml inain srehesses such as
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 malleable metal such as aluminum, although polymeric
materials may also be used. Material selection is
described further below. Certain features are embossed,
cocined, 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 a 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 facilitate folding.

In one embodiment of the present 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 groove 70. Those 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 limited to a "V" cross-
section. Nevertheless, in the preferred embodiment only
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equilateral triangle which minimizes transverse offset
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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 portions of the fiber have
a larger diameter than the exposed portions). Grooves 86
are further recessed in surface 80, and 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, the height of ramps 88
is approximately equal toc 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
folded together.

As an alternative to ramps 88, recesses {(not
shown) may be provided in extensions 36 and 38, under
porches 84, to allow the porches to be bent slightly
downward. Such a construction would be most advantageous
if the alignment grooves on the porch of the element were
continuous with the V~-grooves in the center of the
element, i.e., both sets of grooves were formed in only
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fluoride, polysulfone, and copol yesters such as Vivak (a tradegark—of

Sheffield Plastics, Inc., of Sheffield, Massachusetts). 26?4 %n

alternative to providing a splice el enent 12 MAR 1997
-13- constructed of a deformable materigl, it may instead bé¢
nore rigid material provided that V-grooves
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one of the plates forming the splice element. In THiT =
manner, after the fibers had been inserted and the
element actuated, the porches could be bent down to
relieve bending strain on the fiber caused by the
transition in the effective diameter thereof due to the
buffer coating.

The number of V-grooves 82 and 86 in splice
element 18 is variable, depending upon the desired
application. Grooves 86 should be aligned with V-grooves
82 when splice element 18 is folded, to insure proper
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 which directly oppose
V-grooves 82) it is still beneficial to use the
aforementioned focus hinge in order to 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 90 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 90 insure that, when element 18 is
actuated and clamps the fibers, the maximum clamping
force is exerted only'along the central 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 been found to
significantly reduce signal loss resulting from the
deformation of the fibers, i.e., brior art splice devices
exhibited an abrupt clamping deformation which induced
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by stop pads 90 to allow insertion of the fibers, so this
may be considered an open state, as opposed to the
closed, clamping state. An index matching gel is
preferably deposited near the center of element 18.
Wedge 22 is then placed adjacent tongue 24, and jacket 14
is snapped into cap 16, whereupon wedge 22 becomes
disposed against another ramp 92 formed in the lower
portion of jacket 14. The upper surface of wedge 22 is
generally parallel 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 jacket 14, above ramp 92.
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 into the closed position until after the
fibers have been spliced). All of the foregoing steps
take place in the factory, and splice 10 is provided to
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 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, discrete fibers. Such discrete fibers may be
more conveniently handled by first arranging them side-
by-side and applying a piece of tape or other means to
effectively create a fiber ribbon. If fiber ribbon is
being spliced, the outer coating which surrounds the
individual buffered fibers should also be removed.

Once the fibers or ribbons have been inserted
into body 12, splice 10 may be actuated by longitudinally
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preferably one that is injection noldable, although die cast
acceptable. The material should not be too rigid as it is desi
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to push wedge 22 forward. The screwdrlver may be applied
to the cutout 98 formed in wedge 22. As wedge 22 moves
forward onto ramp 92, it causes tongue 24 to press
against the outer surface of plate 74, clamping the
fibers between plates 74 and 76. The width of tongue 24
is approximately equal to the groove sets in the plates.
As discussed above, the clamping forces gradually
decreases towards the ends of splice element 18 due to
stop pads 90. This effect may be enhanced by making the
lengths of wedge 22 and tongue 24 shorter than the length
of plates 74 and 76 so that the clamping force is applied
primarily at the center of splice element 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 length of plate 76. The use of tongue 24
also prevents undue deformation of plate 74 which might
otherwise occur if wedge 22 were to contact splice
element 18 directly. Wedge 22 provides excellent
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 for jacket 14, wedge 22
and tongue 24, actuation means 20 (i.e., wedge 22) may be
self-locking, provided it has an angle of less than about
9°. The preferred angle is about 5°. If wedge 22 is
provided with a detent or catch 99, which abuts a facing
surface of cap 16, then self-locking capability is

unnecessary. Simplicity in the use of splice 10 is
evident from a summary of the above steps: stripping and
cleaving the fibers, inserting them into body 12, and
sliding wedge 22 forward. A double wedge (not shown) may
be used in lieu of single wedge 22.

After the splice is completed, end covers 40
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and 42 may be moved to the closed, latched position to
provide environmental sealing and protect the exposed
fibers. In this regard, legs 100 of the end covers,
which rest on stage areas 102 of porches 84, help keep
the fiber ribbon aligned with splice body 12, i.e., they
oppose sideways bending of the ribbon proximate'the
entrance to slot 26. Legs 100 also provide additional
sealing of slot 26 since they are positioned at the sides
thereof. Although not designed for disconnection and
reconnection, splice 10 may allow removal of fibers by
simply opening end covers 40 and sliding wedge 22
backward. A space 103 may be provided between jacket 14
and wedge 22, in the actuated state, to allow insertion
of a screwdriver or other tool for this purpose.

Several different materials may be used in the
construction of splice 10. Splice element 18 may be
constructed from a variety of malleable metals, such as
soft aluminum. The preferred metal is an aluminum alloy
conventionally known as "3003," having a temper of 0 and
a hardness on the Brinnell scale (BHN) of between 23 and
32. Another acceptable alloy is referred to as "1100,"
and has a temper of 0, H14 or H15. Acceptable 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 desirable to provide a
transparent splicing element to facilitate the splicing
operation. In such a case, a clear polymeric material
may be used. Suitable polymers include polyethylene
terephthalate, polyethylene terephthalate glycol,
acetate, polycarbonate, polyethersulfone,
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
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desi gn nodi ¥hiehi dsssefterhthani theéi glass donprising-ithe epkical
fiber and cladding, and which is malleable under the
clamping pressures applied to the optical fiber. It is
also desirable that the material be elastic at low stress
levels to afford sufficient elasticity to maintain a
continual compressive force on the optical fibers once
plates 74 and 76 have been brought together.
Furthermore, a coating may be applied to the malleable
material to reduce skiving of the material as the fiber
is inserted. For example, an obdurate coating in the
range of 1 to 2 um may be applied to surface 80 of splice
element 18.

Splice bedy 12 may also be constructed of a
variety of materials, basically any durable material and
preferably one that is injection moldable, 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 to store excess clamping
forces from wedge 22 in order to insure constant clamping
force on the fibers during temperature cycling.

Injection moldable materials include 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 be construed in a
limiting sense. The overall length of splice 10 is 38
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



illustrates a modified end cover 42' which may be used on HoRhPLACEMENT SHEET
extensi on 36 and cap extension 38. End cover 42' is used tq groviade

addi tional environnmental sealing, by nmeans of a conpartnment jOALg%‘? 7by
a wall 106 which is attached to the inner surface of cover {43 'ng
hi nge 108. As end cover 42' is closed, _106 contacts ejtens+en—38——
causing wall 106 to conpress a seal ant rettri al, which may|i ncl ude i ndex

Tt ehl 19, 961 o Sk fhf TP G Y5honlE 24 108 1B sl TRy
and around t led emdqn"ncaa tis .8 b, whikd 18 maxpmehethlkknesisedisall.\b
[ored 0 i gt Y HGTGD fESOIPSILTG ¢ 194, which essues that
al so provi des resistanddtiyatenpectucto csprice ¢bepentedd,aseverailalofl eakage
of the seal aiihe following approximate dimensions are based on the
size of conventional multiple fiber ribbon 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
thickness of 530 um, and stop pads 90 rise 18 um above
surface 80. V-grooves 82, preferably spaced 250 um
apart, are 130 um deep and have a maximum width of 180
pm. Grooves 86, which are approximately trapezoidal in
the preferred embodiment, also have a maximum width of
180 ym, and a minimum width of 120 um, and are 180 um
deep. Ramp 88 descends 250 um, i.e., the upper surfaces
of grooves 86 are 250 um from surface 80.
Two alternative embodiments and design
modifications 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 éxtension 38. End cover
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 closed, 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 18’ may be formed of
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F:gUTe 7 depicts a stacked splice device 10" which utilizesfa gpf?bc ‘
el ement 18' having two |layers of splices. Stacked splice el ¢ nt ' be
frormed of -15- three separ te‘%mz

but it is preferably constructed of a_§kﬂgle el enment havi ngjt |
hi nges, folded into a Z-shape (accordion-fold). In this manfger, the

three separate elements, but it is preferably constructed
of a single elemént having two integral hinges, folded
into a Z-shape (accordion-fold). In this manner, the
three sections of the sheet defined by the hinges result
in three different plates 114, 115 and 116. It is not
necessary that the two splice layers formed thereby be
parallel, but this is preferred to simplify the wedge
actuation. An alternative construction 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 third plate inserted
therebetween. A plug 118 having two sets of orifices 124
is advantageously used to guide a first set of fibers,
i.e., every other fiber, upwards to the top splice layer,
and the remaining fibers downwards to the bottom splice
layer. Guide plug 118 has grooves 120 formed in a porch
area 122 thereof, similar to porch 84 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 having more than two
splice layers.

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the .art upcn reference to
the description of the invention. For example, a
nultiple 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. |
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splice element means located in said splice

body for holding the first and second plurality of
optical fibers; and

longitudinal actuation means for clamping said
splice element means.

2. The device of Claim 1 wherein:.

said splice element means includes two plate
menbers forming opposing surfaces; -and

said longitudinal actuation means comprises
wedge means having first and second positions whereby,
when said wedge means is in said first position, the
first and second pluralities of fibers may be inserted
between said opposing surfaces of said splice element
means and, when said wedge means is in said second
position, it applies a clamping force to said splice
element means, urging said opposing surfaces together.

3. The device of Claim 2 wherein:

said splice body has a cavity therein having a
ramped surface; and

said wedge means comprises a wedge member
having first and second surfaces defining an acute angle,
said first surface being generally.parallel to said
opposing surfaces of said splice element means and said
second surface being generally parallel to, and adjacent
with, said ramped surface.

4. The device of Claim 2 wherein said wedge
means includes means for receiving a tool to facilitate
actuation of said wedge means.

5. The device of Claim 2 wherein said splice
body includes a tongue member interposed between said
wedge means and said splice element means.

6. The device of Claim 2 wherein said wedge
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be expanded t | i ce el ement's having nore than two splice
Although th ‘ﬁ”ig [ m ’uﬁen described with reference to
enbodi ment s, is not neant to be construed

sense. Vari ous nndlflcatlons of the dis¢losed enbodi nent, as

alternative enbodi nents of the inventi ol 7WM |1 becone apparept to persons

skilled in the ref nce to t es

exanple, a 15“#1 echb f%&%@i@ %gl?gi"e‘%ﬁt%o al T ow

separ at e tedm|smidnseﬂbnﬂmﬂo§i&tnnset by providing two actuation wedges,
one at each end of splj cafiofavlice t{! SCI‘.’%Q! M i SR EuFenat i on of
one fiber set in the clanped state. It erefore contenplated that such
‘modi fi cati om©igden Ise nm@reaten khar ARWHP Trom the spirit or scope of the
present invention as defifid ddvice of Claim 3 wherein:

said plate members are generally rectangular,

having a central portion; and

said wedge member is shorter than said plate
members and, when in said second position, said wedge
member applies said clamping force to said central
portion of said splice element means.

9. The device of Claim 3 further comprising a
tongue member formed integrally with said splice body,
said tongue member interposed between said cavity and
said splice element means, in contact with said first
surface of sald wedge member.

10. The device of Claim 5 wherein:

said plate members are generally rectangular;
and

said tongue member has a width approximately
equal to the width of said means for holding the first
and second pluralities of optical fibers, and is in
contact with one of said plate members.

11. The device of Claim 7 further comprising a
generally rectangular tongue member formed integrally
with said splice body, extending into said cavity
thereof, and having first and second surfaces, said first
surface being in contact with one of said plate members,
and said second surface being in contact with said first
surface of said wedge member.
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12. A device for splicing a first plurality of
optical fibers to a second plurality of optical fibers,
the device comprising:

a splice body having a slot therein and a
cavity adjacent said slot;

a splice element located in said slot of said
splice body, having means for holding the first and
second plurality of optical fibers; and

wedge means located in said cavity of said
splice body for applying a clamping force to said splice
element.

13. The device of Claim 12 wherein said wedge
means applies said clamping force only to a central
portion of said splice element.

14. The device of Claim 12 wherein said splice
body includes a tongue interposed between said wedge
means and said splice element.

15. The device of Claim 12 wherein:

said splice element includes two plates; and

said wedge means has first and second positions
whereby, when said wedge means is in said first position,
the first and second pluralities of optical fibers may be

- inserted between said plates and, when sald wedge means
is in said second position, it applies a clamping force
to said splice element, urging said plates toward one
another. '

16. The device of Claim 12 wherein:

said cavity in said splice body has a ramp;

said splice element includes two generally
rectangular plates; and

said wedge means comprises a wedge having first
and second surfaces defining an acute angle of no greater
than about 9°, said first surface being generally

parallel with said plates, and said second surface being
generally parallel with said ramp.

17. The device of Claim 13 wherein:

——_ said cavity in said splice body has a ramp;
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fibers to asecond pturatity-of optical fibers, the device c REP%%MENT QHEET

ﬁg: hfﬁgb?ﬂg ”“‘mmm“ "ﬁmﬂm t neans |ocated in said splice bqgdy for

pIurallty of optical fiberd, |sal @ MAR iig9
el enment neans' i ficl bdithg st we pl ate nenbers form ng opposijng surfaces;
and wedge neans having first and second®positions wherdeby, when sard
wedge neans is in said fjrst position, the first and secgond
pluralities of fibers said sp}ige thﬂﬁﬂgdibéiﬂééﬁ sWPdgenerally) surfaces

of sau&ga&aﬂghgaﬁqppgtgggngngnd when sai d wedge means is in
sai d second posi tion, force to said spljce

| Iles acla
el ement neans, urging %%}@' e geoB$6§Fn8°§HFF§E§s t B88gRRAVING £HESL oy ce
of C|aiWY1\dﬁﬁféébéuﬂwafﬂﬂceQEdésining an acute angle of no greater

than about 9°, said first surface being generally

LS

parallel with said plates, and said second surface being
generally parallel with said ramp, said wedge further
being shorter than said plates, and being locatable in
first and second positions within said cavity, said wedge
allowing insertion of the first and second pluralities of
optical fibers between said plates when said wedge is in
said first position, and said wedge applying a clamping
force to said splice element, urging said plates toward
one another, when said wedge is in said second position.

18. The device of Claim 14 wherein:

said splice element includes two generally
rectangular plates; and

said tongue has a width approximately equal to
the width of said means for holding the first and second
pluralities of optical flbers, and is in contact with one
of said plates.

19. The device of Claim 16 wherein said splice
body includes a tongue extending into said cavity, said
tongue having first and second surfaces, said first
surface contacting one of said plates and said second
surface contacting said first surface of said wedge, said
first and second surfaces of said tongue being generally
parallel. |
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i nchudes means—for receirving a tool to facilitate actua- tion

therein havi ng | ITNUEBE IRLEIN: cce”2na™ <aid wedge mean ct
wedge nenber having t %irst *and second surfaces defining an

S a cavity
i $@sMAR- 1997
ut e angle

said first surface being generally paral3gl to said oppos

of said splice elenent neans and sai d second surface being

I Nng surfaces
nenprajly

paral l el to, and agpacantudtipleseptiicalpeiberrsplice dévitee device of

rrj. 5. The

cl ai m 3 whergi ' ¢ute angle is no greater than about 9[e
devi ce of clg#ﬂPgi%ng

menber formed integral Ryspligeshodyshav

t her eof ,

her conprising a gener- ally rectangul ar tongue

andcavity adjacent said slot, said cavity having a ramp,
said splice body further having a generally rectangular
tongue extending into said cavity, parallel with said
slot, said tongue having first and second, generally
parallel surfaces;

a splice element located in said slot of said
splice body, said splice element including two generally
rectangular plates, a central portion of one of said
plates contacting said first surface of said tongue, and
both of said plates having a width approximately equal to
the width of said tongue, and a length greater than the
length of said tongue; and

a wedge having first and second surfaces
defining an acute angle of less than about 9°, said first
surface of said wedge being generally parallel with and
contacting said second surface of said tongue, and said -
second surface of said wedge being generally parallel

" with ana contacting said ramp, said wedge further being
locatable in first and second positions within said
cavity, said plates being sufficiently separated when
said wedge is in said first position to allow insertion
of a plurality of optical fibers between said plates, and
said wedge applying a clamping force to said splice
element, urging said plates toward.one another, when said
wedge is in said second position.

——
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ha%iﬁg first and second surfaces, said first surface being in contact with
one of said plate nmenmbers, and said second surface being in contact wth
said first surface of said wedge nenber.

-21-
MULTIPLE OPTICAL FIBER SPLICE
ac t Dis

A device for splicing multiple optical fibers
includes a splice element having two plates with fiber
receiving V-grooves formed in the inner surface of one of
the plates, and a splice body having a wedge to actuate
the splice element by clamping the plates together. The
splice body includes a jacket and a cap, there being a
slot in the jacket for receiving the splice element and a
cavity adjacent the slot for receiving the wedge. The
cavity has a ramped surface which causes the wedge to
move toward the splice element and clamp the plates as
the wedge is moved forward on the ramp surface. A
tongue, formed integrally with the cap, is preferably
interposed between the wedge and the splice element to
prevent deformation of the plates which might result from
direct contact between the plates and the wedge as it
slides forward. The wedge and tongue advantageously
apply the clamping force only at the center of the splice
element, allowing the ends thereof to remain slightly
flexed, -thereby providing gradual clamping of the fibers
which reduces signal loss.

FIGURE 1
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6. .The device of claim3 wherein: said plate nenbers are deREPACEMENT SHEET
rectangul ar, having a central portion; and sai d wedge et

S
shorter than said plate mem bers and, when in said seco p?i’ﬁA€%7
sai d wedge menber applies said clanping force to said ceptjra
portion of said splice el ement neans. 7. The device of claj m3 further——--I

conprising a tongue nmenmber formed integrpally with said splicg body, said

tongue nmenber interposed between said gawty al® said spliceleterent—rmears;
in contact with said first surface of /54 edge nenber. 8. The device of
claiml1 wherein said splice body inc bS magber gnterposed
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9. The device of claim8 wherein: said plate nenbers are gendrarty
rect angul ar; and sai d tongue nenber has a width approxi matd \f e

ol 4R 99

to the width of said neans for holding the first and secdnd
of optical fibers, and is in contact with one of said plqt e~erbers———
10. The device of claim1l wherein said wedge neans includes datch neans for g
| ocki ng said wedge neans in said second._position. 111027 deytcetoT 4
splicing a first plurality of optical fi‘bers to a8&
optical fibers, the device cqurisiruy74 a s§
therein and a cavity adj a- ent sai% sl ot;

In said slot of said splice dy, hwvi ng _p#
and sec-




oanﬁlurality of optical fibers; and i
body for applying a clanping force to said SF ;

or. said splice
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12. The device of claim 11l wherein said wedge neang
clanmping force only to a central portion of said splice el enept

nmeans |l ocated in
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13. The device of claim12 wherein: said cavity in said splice body has a

r &np; said ncludes two generally rectan 'REPLA
pl ates; and “!1 w Hﬂg“js conprises a wedge having filrs QﬁWNT SHEET
second surfa cute angle of no greater {tHan about

9lerr], said first surface being gener- ally parallel pijt rDQaAldﬁfﬂQite
and said second sur- face being g‘erJrer'aI ly parallel wtlhisaid ranp, sa d
wedge further being shorter than said plates, and beirjg | ocatable 1n

first and second positions within said cavity, said
insertion of the
We claim:
1. A device for splicing a first plurality of optical
fibers to a second plurality of optical fibers, the device
comprising:
a splice body;
splice element means Jocated in said splice body for
holding the first and second plurality of optical
fibers, said splice element means including two
plate members forming opposing surfaces; and

wedge means having first and second positions
whereby, when said wedge means is in said first
position, the first and second pluralities of fibers
may be inserted between said opposing surfaces of
said splice element means and, when said wedge
means is in said second position, it applies a clamp-
ing force to said splice element means, urging said
opposing surfaces together.

2. The device of claim 1 wherein said wedge means
includes means for receiving a tool to facilitate actua-
tion of said wedge means.

3. The device of claim 1 wherein:

said splice body has a cavity therein having a ramped

surface; and

said wedge mean comprises a wedge member having

first and second surfaces defining an acute angle,
said first surface being generally parallel to said
opposing surfaces of said splice element means and
said second surface being generally parallel to, and
adjacent with, said ramped surface.

4. The device of claim 3 wherein said acute angle is
no greater than about 9°,

5. The device of claim 4 further comprising a gener-
ally rectangular tongue member formed integrally with
said splice body, extending into said cavity thereof, and
having first and second surfaces, said first surface being
in contact with one of said plate members, and said
second surface being in contact with said first surface of
said wedge member.

This Sheet Has Been Replaced

(T




fiorst and second pluralities of optical fibers between . sai d pI ates when

sgid wedgeTs T sard first gosi-tion', and said vvedge app!
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sai d wedge neans and said splice element. 1 The devicg of claim 14
wher ei n: said splice el ement includes two g neraIIy recfangu- —Tar
pl ates; and said tongue has a wi dth approxi mately equal 1he wi dt h

of said neans for holding the first and second

lice element, urging said plat
e is in said second position.
of claim11 wHeré&in*sald spl i ce body includes a tongue infefp@2ayteidten

14. ‘Thé'deV|

pluralities of optical

fibers, and is in cogt q%e Weldte of cBifh 3 whar&inP! ates. 16. The device of

claim 11 wherein:

a central portion; and

said plate members are generally rectangular, having

said wedge member is shorter than said plate mem-

bers and, when in said second position, said wedge

member applies said clamping force to said central
_portion of said splice element means.

7. The device of claim 3 further comprising 2 tongue
member formed integrally with said splice body, said
tongue member interposed between said cavity and said
splice element means, in contact with said first surface

of said wedge member.

8. The device of claim 1 wherein said splice body
includes a tongue member interposed between said
wedge means and said splice element means.

9. The device of claim 8 wherein:

said plate members are generally rectangular; and

said tongue member has a width approximately equal
to the width of said means for holding the first and
second pluralities of optical fibers, and is in contact

with one of said plate members.

10. The device of claim 1 wherein said wedge means
includes catch means for locking said wedge means in

said second position.

11. A device for splicing a first plurality of optical
fibers to a second plurality of optical fibers, the device

comprising:

a splice body having a slot therein and a cavity adja-

cent said slot;

a splice element located in said slot of said splice
body, having means for holding the first and sec-
ond plurality of optical fibers; and .

wedge means located in said cavity ~f said splice
body for applying a clamping force 10 said splice

element.

12. The device of claim 11 wherein said wedge means
applies said clamping force only to a central portion of

said splice element.

—
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sai d spli.ce el eﬂ?,ri_,l_ﬂﬂ_udes-tv\o plates; and said wedge nmeaps has first
and second posi tions when said wedge means is mmhe@mﬂ{f%HEET
posi tiom, mu r“ﬂ Iﬂ B‘&%@ nd pI uralities of optical f b s hayLhe

i nserted bet add, when sai d wedge neans in said
second p05|t|on Tt applies a clanping force to said spL e0Q Aue 997
urging said plates toward one anot her. 173 The device of ligiml11l

wher ei n: said cavity in said splice body as a ranp;

13. The device of claim 12 wherein:
said cavity in said splice body has a ramp;
said splice element includes two generally rectangu-
lar plates; and
said wedge means comprises a wedge having first and
second surfaces defining an acute angle of no
greater than about 9°, said first surface being gener-
ally parallel with said plates, and said second sur-
face being generally parallel with said ramp, said
wedge further bexng shorter than said plates, and
being locatable in first and second posmons within
said cavity, said wedge allowing insertion of the
first and second pluralities of optical fibers between
said plates when said wedge is in said first position,
and said wedge applying a clamping force to said
splice element, urging said plates toward one an-
other, when said wedge is in said second position.
14. The device of claim 11 wherein said splice body
inciudes a tongue interposed betwcen said wedge means
and said splice element.
15. The device of claim 14 wherein:
said splice element includes two generally rectangu-
lar plates; and
said tongue has a width approximately equal to the
width of said means for holding the first and second
pluralities of optical fibers, and is in contact with
one of said plates.
16. The device of claim 11 wherein:
said splice element includes two plates; and
said wedge means has first and second positions
whereby, when said wedge means is in said first
position, the first and second piuralities of optical
fibers may be inserted between said plates and,
when said wedge means is in said second position,
it applies a clamping force to said splice elemcnt,
urging said plates toward one another.
17. The device of claim 11 wherein:
. said cavity in said splice body as a ramp;
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19 said_spliece—eterment—iTicl udes two generally rectangu-
and said ' s | 1l ses a wedge having fist and
surfaces dem@ﬁﬁummuﬁrgﬂl‘ngl e of no greater than abo
first surface Dei ng geney- * ally parallel with said plat

second sur - face being gesnerally parallel with said ra
device of claim 17 wherein said splice body includes a tong
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second
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e extendi ng

into said cavity, said tongue having first and second surfaces, sart=ft+s

surface con-

said splice element includes two generally rectangu-

lar plates; and

said wedge means comprises a wedge having fist and

second surfaces defining an acute angle of no
greater than about 9°, said first surface being gener-
ally parallel with said plates, and said second sur-
face being generslly paraile]l with said ramp.

18. The device of claim 17 wherein said splice body

includes a tongue extending into said cavity, said tongue
having first and second surfaces, said firs surface con-
tacting one of said plates and said second surface con-
tacting said first surface of said wedge, said first and
second surfaces of said tongue being generally parallel.
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19. A multiple optical fiber splice device comprising:
a splice body having a slot therein and a cavity adja-

cent said slot, said cavity having a ramp, said splice
body further having a generally rectangular tongue
exténding into said cavity, parallel with said slot,

, said tongue having first and second, generally par-

allel surfaces;

a splice element located in said slot of said splice

body, said splice element including two generally
rectangular plates, a central portion of one of said
plates contacting said first surface of said tongue,
and both of said plates having a width approxi-
mately equal to the width of said tongue, and a
length greater than the length of said tongue; and

a wedge having first and second surfaces defining an

acute angle of less than about 9°, said first surface

of said wedge being generally paralle]l with and
contacting said second surface of said tongue, and
said second surface of said wedge being generally
parallel with and contacting said ramp, said wedge
fufth.cr being locatable in first and second positions
within said cavity, said plates being sufficiently
separated when said wedge is in said first position
to allow insertion of a plurality of optical fibers
between said plates, and said wedge applying a
clamping force to said splice element, urging said
plates toward one another, when said wedge is in
said second position.
] t ¢ L



tacting one of said plates and said second surface con- thE@EI\ sal d first
surface of said wedge, said first and second surfaces o sal Hi'el ng

peneral ly D‘ara-H-el\J.Q_. A multiple optical fiber splice devi ce
conpri si ng having a slot therein and a cavity adja-
cent said s ’mn !W'wg jjﬁ having a ranp, said splice qumgmgm WEET

havi ng a gener &l ar tongue. 15 -extdnding intojs

parallel with said slot, , said tongue having first and $ r f I
par - all el surfaces a splice elenent |located in sai dslbél%’ﬁgés dj .
splice body, said splice elenent including two gener gl § :
rectangul ar plates, a central portion of one of said pl at es contacti ng
said first surface of wal dat ngue and both of said phrates—havag e
wath sprod - T GURLL 10, gD il SRS Bl

fibers to a second plurality of optical fibers, the dcvxt:»

comprising:

a splice body;

splice element means located in said splice body for

- holding the first and second plurality of optical
fibers, said splice element means including two
plate members forming opposing surfaces; and

wedge means having first and second positions
whereby, when said wedge means is in said first
position, the first and second pluralities of fibers
may be inserted between said opposing surfaces of
said splice element means and, when said wedge
means is in said second position, it applies a clamp-
ing force to said splice element means, urging said
opposing surfaces together.

2. The device of claim 1 wherein said wedge means
includes means for receiving a tool to facilitate actua-
tion of said wedge means.

3. The device of claim 1 wherein:

said splice body has a cavity therein having a ramped

surface; and

said wedge mean comprises a wedge member having

first and second surfaces defining an acute angle,
said first surface being generally parailel to said
opposing surfaces of said splice element means and
said second surface being generally parallel to, and
adjacent with, said ramped surface.

4. The device of claim 3 wherein said acute angle is
no greater than about 9°.

5. The device of claim 4 further comprising a gener-
ally rectangular tongue member formed integrally with
said splice body, extending into said cavity thereof, and
having first and second surfaces, said first surface being
in contact with one of said plate members, and said
second surface being in contact with said first surface of
said wedge member.
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said plate members are generally rectangular, having
a central portion; and

said wedge member is shorter than said plate mem-
bers and, when in said second position, said wedge
member applies said clamping force to said central

_ portion of said splice element means.

7. The device of claim 3 further comprising a tongue
member formed integrally with said splice bedy, said
tongue member interposed between said cavity and said
splice element means, in contact with said first surface
of said wedge member.

8. The device of claim 1 wherein said splice body
includes a tongue member interposed between said
wedge means and said splice element means.

9. The device of claim 8 wherein:

said plate members are generally rectangular; and

said tongue member has a width approximately equal
to the width of said means for holding the first and
second pluralities of optical fibers, and is in contact
with one of said plate members. '

10. The device of claim 1 wherein said' wedge means
includes catch means for locking said wedge means in
said second position. _

11. A device for splicing a first plurality of optical
fibers to a second plurality of optical fibers, the device
comprising:

a splice body having a slot therein and a cavity adja-

cent said slot;

a splice element located in said slot of said splice
body, having means for holding the first and sec-
ond plurality of optical fibers; and .

wedge means Jocated in said cavity of said splice
body for applying a clamping force 10 said splice
element.

12. The device of claim 11 wherein said wedge means

applies said clamping force only to a central portion of
said splice element.
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13. The device of claim 12 wherein:
said cavity In said splice body has a ramp;
said splice element includes two generally rectangu-
lar plates; and
said wedge means comprises a wedge having first and
second surfaces defining an acute angle of no
greater than about 9°, said first surface being gener-
ally parallel with said plates, and said second sur-
face being generally parallel with said ramp, said
wedge further being shorter than said plates, and
being locatable in first and second positions within
said cavity, said wedge allowing insertion of the
first and second pluralities of optical fibers between
said plates when said wedge is in said first position,
and said wedge applying a clamping force to said
splice element, urging said plates toward one an-
other, when said wedge is in said second position.
14. The device of claim 11 wherein said splice body
includes a tongue interposed bctwc:n said wedge means
and said splice element.
15. The device of claim 14 wherein:
said splice element includes two generally rectangu-
lar plates; and
said tongue has a width approximately equal to the
width of said means for holding the first and second
pluralities of optical fibers, and is in contact with
one of said plates.
16. The device of claim 11 wherein:
said splice element includes two plates; and
said wedge means has first and second positions
whereby, when said wedge means is in said first
position, the first and second pluralities of optical
fibers may be inserted between said plates and,
when said wedge means is in said second position,
it apphes a clamping force to said splice clemcnt,
urging said plates toward one another.
17. The device of claim 11 wherein:
~ said cavity in said splice body as a ramp;
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said splice element includes two generally rectangu-
lar plates; and

said wedge means comprises a wedge having fist and
second surfaces defining an acute angle of no
greater than about 9°, said first surface being gener-
ally parallel with said plates, and said second sur-
face being generzlly parallel with said ramp.

18. The device of claim 17 wherein said splice body
includes a tongue extending into said cavity, said tongue
having first and second surfaces, said firs surface con-
tacting one of said plates and said second surface con-
tacting said first surface of said wedge, said first and
second surfaces of said tongue being generally parallel.

19. A multiple optical fiber splice device comprising:

a splice body having a slot therein and a cavity adja-
cent said slot, said cavity having a ramp, said splice
body further having a generally rectangular tongue
exténding into said cavity, paralle] with said slot,

, said tongue having first and second, generally par-
allel surfaces;

a splice clement located in said slot of said splice
body, said splice element including two generally
rectangular plates, a central portion of one of said
plates contacting said first surface of said tongue,
and both of said plates having a width approxi-
mately equal to the width of said tongue, and a
length greater than the length of said tongue; and

a wedge having first and second surfaces defining an
acute angle of less than about 9°, said first surface

of said wedge being generally paralle] with and
contacting said second surface of said tongue, and
said second surface of said wedge being generally
parallel with and contacting said ramp, said wedge
further being locatable in first and second positions
within said cavity, said plates being sufficiently
separated when said wedge is in said first position
to allow insertion of a plurality of optical fibers
between said plates, and said wedge applying a
clamping force to said splice element, urging said
plates toward one another, when said wedge is in
said second position.
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MULTIPLE OPTICAL FIBER SPLICE
t of £ osure ]

A device for splicing multiple optical fibers
includes a splice element having two plates with fiber
receiving V-grooves formed in the inner surface of one of
the plates, and a splice body having a wedge to actuate
the splice element by clamping the plates together. The
splice body includes a jacket and a cap, there being a
slot in the jacket for receiving the splice element and a
cavity adjacent the slot for receiving the wedge. The
cavity has a ramped surface which causes the wedge to
move toward the splice element and clamp the plates as
the wedge is moved forward on the ramp surface. A
tongue, formed integrally with the cap, is preferably
interposed between the wedge and the splice element to
prevent deformation of the plates which might result from
direct contact between the plates and the wedge as it
slides forward. The wedgé and tongue'advantageously
apply the clamping force only at the center of the Splice
element, allowing the ends thereof to remain slightly
flexed, -thereby providing gradual clamping of the fibers
which reduces signal 1loss.

FIGURE 1



