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IMPROVED OPTICAL CONNECTOR SLEEVE

Background of the Invention

1. Field of the Invention
This invention relates to an improved split
sleeve for use with optical fiber connectors.
2. Description of the Prior Art
Optical fiber connectors are used to optically
couple one optical fiber to another optical fiber, or an
optical fiber to a device, such as a light-emitting diode,
laser, or photodetector, among others. The fiber connector
must maintain good alignment of the fiber in order to

reduce optical losses to a minimum. In addition, it is
desirable that the connector be low cost and readily
producible., It should furthermore be easy to connect and
disconnect, -

One successful connector design is the so=-called
"biconic connector," which provides good fiber alignment
and ease of use; see, for example, U. S. Patent
No. 4,107,242, coassigned with the present invention.
Other fypes of optical fiber connectors include those using
cylindrical plugs that mate in a split cylindrical sleeve.
In that technique, the-plugs are typically inserted into
the sleeve until the ends of the plugs touch, allowing for
a low-loss connection between two fibers or between a fiber
and an optical device. '
Summary of the Invention

I have invented an improved sleeve that is
designed to maintain a substantially circular shape when
cylindrical optical plugs are inserted therein. The
inventive sleeve exerts a substantially uniform pressure
around the circumference of the plugs, providing for
improved alignment of the plugs, as compared to sleeves
that do not maintain a uniform pressure. In one
embodiment, the uniform pressure is achieved by varying the
thickness of the sleeve around its circumference.
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Brief Description of the Drawing

FIG. 1 shows a typical design for cylindrical
plugs that are joined by means of a split sleeve;

FIG. 2 shows a suitable connector assembly for
use with cylindrical plugs and a split sleeve;

FIG. 3 shows a cross section of a sleeve having
uniform wall thickness; '

FIG. 4 shows a cross section of a split sleeve
designed according to the present technique;

FIG. 5 shows bending of a thick curved beam;

FIG. 6 shows a finite-element grid imposed upon a
spiit Sleeve;

FIG. 7 and 8 show contact interfaces for
cylindrical plugs inserted in sleeves of the inventive
design; and

FIG. 9 shows contact interfaces for cylindrical
Plugs in a prior art uniform thickness sleeve.

Detailed Descripﬁion

The following detailed description relates to an
improved design for a split sleeve used for joining
cylindrically shaped optical plugé. The plugs can be used
to join two optical fibers or an optical fiber to an
optical device; the term "optical plug" includes plugs used
in either application.

Referring to FIG. 1, plug 11 is attached to a
cable 16 having an optical fiber (not shown) therein. The
optical fiber extends into the cylindrical portion 12 of
the plug. The fiber typically extends slightly beyond the
end of the cylindrical plug, and is desirably polished to
obtain a substantially flat surface, according to prior art
tephniques. Similarly, plug 13, having cylindrical
cylinder 14 thereon, is attached to cable 17 having an
optiéal fiber therein. In making a connection between
these fibers, the plugs are inserted into split sleeve 15
until the ends of the cylindrical portions 12 and 14 touch,
or in some designs, are in close proximity. The ends of
the fibers can be bare, or an index-matching fluid can be
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used to improve coupling between the fibers. 1In other
cases, a compliant material is applied onto the ends of the
fibers; see, for example, U. S. Patent No. 4,221,461.

To obtain mechanical integrity, plugs 11 and 13
can be mounted in the threaded housings 19.and 20 shown in
FIG. 1. The sleeve 15 is also mounted therein and is
retained in housing 20 by plastic retaining ring 18.
Housing 20 threads into housing 19, as shown in FIG. 2.
Other configurations for the mechanical assembly of the
connector plugs are possible, and do not form part of the
present invention. The sleeve 15 is shown with a wall
thickness varying according to the present technique.

Prior art sleeves typically have a substantially constant
wall thickness, producing an essentially cylindrical shape
without plugs therein. )

Contact between the sleeve and plugs is necessary
to obtain proper alignment of the plugs. This is referred
té in the art aé an "interference fit." However, in
obtaining the interference fit, the sleeve is necessarily
slightly undersized; that is, having a slightly smaller
initial diameter than the diameter of the cylindrical plugs
that are to fit therein. The present invention relates to
my discovery that a significant amount of optical losses in
cylindrical sleeve type connectors is due to a nonuniform
pressure being exerted on the cylindrical plugs by the
sleeve. I have determined that this is due at least in
part to the fact that when cylindrical .plugs are inserted
into a cylindrical sleeve, the sleeve deforms such that a
circular cylinder is no longer obtained.

In the present invention, the alignment sleeve is
designed to exert a more nearly uniform pressure around the
circumference of the plugs inserted therein. This can be
obtained, for example, by varying the thickness of the
sleeve around the circumference of the sleeve, as explained
further below.

An analysis that is useful for deriving an

improved geometry is given below. However, other analyses
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can yield slightly different results, depending upon the
assumptions used and the materials used to make the sleeve.
The present invention does not depend upon the exact
analysis used to obtain a more uniform pressure around the
circumference of cylindrical plugs.

FIG. 3 shows a ring of uniform wall thickness
opened by uniform pressure p. The assumption of uniform
pressure allows simple expression of the bending moment M
at any circumferential station measured by the angle ¢,
where¢ measures the angle from that station to the center
of the cut. This assumption is also a desirable design
feature for an alignment derivative of the retaining ring
because it indicates a circumferentially unbiased tendency
to maintain contact over the entire interface.

Regarding the equilibrium of a free-body segment
of the ring in FIG. 3 that is separated from the remainder

by a cut at p, a moment summation about the cut gives

Me) = p? sin® (), (1)
2

in which D is the inner diameter of the ring, and p is the
pressure thereon. According to elementary bending theory,

is given by

the principal change in curvature AKp

, (2)

in which E is the modulus of elasticity, and

_
12 (3)

I

for a unit length of ring having local thickness h. Thus,
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Ac, = §EQ? sin (%),
P 3
Eh
showing that a ring of constant thickness opened by uniform
pressure has a change in curvature that varies around the
circumference. This means, of course, that the circular
inner circumference of such a ring does not simply deform

(4)

into a larger circle.
Equation (4), however, can be used to determine

how the thickness should vary with U to realize circle~to-
circle deformation under uniform pressure; see, for
example, Strength Of Materials, Third Edition, Part I, by
S. Timoshenko, at pages 391-393 (D. van Nostrand

Company, Inc., Princeton, New Jersey, 1955). If

in which hy is the thickness opposite the split, then
Equation (4) becomes
2
A = opl. (6)
P3

EhO

which is the desired result, i.e., a constant change in
curvature. FIG. 4 shows a cross section of a split sleeve
whose thickness is tailored in accordance with

Equation (5).

The change in curvature is given kinematically by

2
i
=29
p? (7)

for a diametral interference , far less than D. The
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"diametral interferencé" is defined as the increase of the
diameter of the sleeve upon insertion of the plugs therein.
Combining Equations (6) and (7) produces

3
Ehy

b o (8)
an* | -

while Equations (2) and (7), taken in conjunction with

o Mh (9)

show that the maximum bending stress is found opposite the

split and is given by

D (10)

Equation (8) is used to calculate the interface pressure,
and Equation (10) is used to determine whether the
corresponding interference is excessive. As a numerical
example, for hy = 1.02 mm, D =2.,54mm, ¢ = 0.6 15.2 um,
and a sleeve material for which E = 1.4 x 1010 N/mz,
Equation (8) predicts an interface pressure of

1.8 x 10° N/m2, and Equation (10) indicates an acceptably
low strain level of 0.24%.

When thicknesses as great as 1.02 mm are
considered with diameters as small as 2.54 mm, it is
reasonable to question the validity of elementary formulas
like Equations (2) and (9), which are limited in exact
application to the pure bending of straight beams. What
follows is a two~dimensional refinement accounting for

Ny WIFO A
ZERNamioN
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FIG. 5 shows an annular segment of unit length

whose respective inner and outer radii a and b are
subtended by the angle p. The curved beam segment is bent
my moments M at either end in such a way as to reduce the
initial curvature. Assuming rigid-body restraints
prohibiting the rotation of AB, it is known that CD rotates
by an amount 4Bg¢/E, where

2 2
B = 2M$9N:§-) (11)

and

2

2-a2)2 _ 13

; N= (b b2 (2n g) 2, (12)

Referring to the change in length of arc AD,

= (a+o)e (1+48), | (13)
E

ao(1 + ee)

in which €q and (a + o) are the extensional strain and
radius of curvature, respectively, of the deformed arc.
Since g, vanishes on AD, the strain there for the case of

plane stress is given by

(14)

o b
= -9 =.§M 2— 2- 2 3 ) ’
gg = " RE (b"-a“-2b"en a |

and Equations (1ll), (13), and (14) upon combination and

simplification lead to
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-a~+2b" gn a (15)

Equation (1) shows that the local moment is given by

2

- . 209
M = 2a"psin (2), (16)

when bending is induced by uniform internal pressure p.
Consequently, Equation (15) becomes

-Eg- = sinz(é) _______:_____________Q_ s | (]7)

2
8a3p (2-a2)2 - 2022

upon substitution from Equations (12) and (16).

Equations (4) and (17) are analogous in that they
both indicate how the thickness should be tailored to
achieve circle-to-circle deformation under uniform
pressure. Equation (17) is a refined version of
Equation (4), accounting for substantial initial curvature,
i.e., nonnegligible h/a ratios. 1In fact, Equation (4) can
be recovered from Equation (17) by writing b = a + h and
extracting the limiting form taken by Equation (17) for
very small values of h/a.

Results computed using elementary formulas like
Equations (4)=-(10) are compared in Table 1, with those
obtained using the more exact theory for the parameters
given in the table heading. Differences in tailored
thickness are as much as 15% in the thinner part of the
cross section. The more exact theory predicts about a 5%

higher uniform pressure for the same interference level.
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Because the distribution of bending stresses is nonlinear
for a beam with initial curvature, the maximum extensional
strain given by the refined formulas is fully 25% greater
than that predicted by the elementary theory, but remains
5 at an acceptably low level for virtually any material.
TABLE 1 T

a = 1,27 millimeters

Given
Parameters: hy = 1.02 millimeters
10 E=1.4x 1010 n/m?
¢ = 15.2 micrometers
Elementary Corrected For
Bending Initial
Theory Curvature
15 Thickness h (mm)
at ¢ (degrees) = 180 1.016 1.016
170 1.013 1.013
160 1.006 1.003
150 0.993 0.988
20 140 0.975 0.968
130 0.952 0.940
120 0.922 0.904
110 0.889 0.866
100 0.851 0.820
25 90 0.805 0.772
80 0.757 0.716
70 0.701 0.657
60 0.640 0.592
50 0.571 0.521

30 40 0.498 0.444
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30 0.411 0.363

20 0.315 0.272

15 0.262 0.224
Uniform Pressure
p (N/m?) 1.8 x 106 1.9 x 106

Maximum strain
e, at r = a 0.24% 0.31%

To this point, only circumferential bending has
been considered, and the prospect that it might necessarily
be accompanied by longitudinal bending has been ignored.
Such a view is not necessarily appropriate for alignment
sleeves, since they require some length to perform their
function. However, problems of coupled bending resulting
from contact with interfering inner bodies are generally
far too difficult to attack directly and deductively
because the contact regions are not known in advance. This
subsection describes a numerical approach based on the
finite-element method.

FIG. 6 shows a sketch of a transfer-molded
alignment sleeve. The thickness is circumferentially
tailored in accordance with the more exact results of
Table 1, except near the slot where flanges blend out of
the body of the sleeve. While these optional flanges are a
slight departure from the theoretical cross section, they
assist in keeping the inner surface centered in a
cylindrical housing and facilitate removing the molded
Sleeve from the mandrel. The length of the alignment
sleeve is 10.16 mm.

A more or less uniform finite-elément grid is
shown in FIG. 6, superimposed on the upper half of the
alignment sleeve. A cylindrical coordinate system is
indicated, and key corners are given an alphabetical
designation for later reference. The finite-element model

consists of standard four-node rectangular shell elements

e
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that have both bending and membrane capabilities along with
an option for specifying uniformly varying thickness within
each element. The radial displacement of all nodes on
surface ABCF is initially specified in a manner consistent
with an internal diametral interference of 0.15 mm. Nodes
along AB are restrained against displacement in the

U direction, but each is free to move axially, with the
exception of the center node which is fixed to preclude
rigid-body translation of the sleeve in the z direction.
Clamping constraints along AB prohibit rotation of line
elements there about the r and z axes. Except for the
constraints noted, all nodes are free to move
circumferentially and axially, and all line elements are
free to rotate.

The results of the first execution are examined
to determine nodal pressures corresponding to the imposed
radial displacement. Nodes for which the computed pressure
is negative are freed in the second execution; i.e., no
radial displacement is imposed. Computed pressures for the
second execution are examined, and the cycle is repeated
until all nodes are either radially displaced the specified
amount or free of pressure. Convergence ordinarily
requires 10 to 20 executions.

FIG. 7 is a plane presentation of the curved
finite-element grid in FIG. 6; alphabetical designations
correspond and should assist in orientation and
visualization. For this computation, it was assumed that
the cylindrical plugs touched inside the sleeve, with no
separation between plug ends. Furthermore, equal plug
diameters were assumed. Contact interfaces with a rigid
interfering cylinder are shown shaded. The shape and
extent of these interfaces do not depend on interference
level or material characteristics. Longitudinal and
circumferential gaps exist just inside the slot and sleeve
ends, respectively. Such edge effects are clearly a threat
to the alignment function of the sleeve if they are
extensive or if the gap between the cylinder and deformed
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sleeve is excessive. In FIG. 7, the maximum gap is only
0.0771ﬁ, but it should be noted that conditions of this
first exercise are somewhat ideal in that there is no
separation at the plug ends and the plugs have identical
diameters. Practically speaking, some separation of
leading edges must be allowed for a pedestal and a chamfer.
Also some realistic diametral differences must be
tolerated.

Shaded regions in FIG. 8 show computed contact
interfaces between the alignment sleeve and two identical
cylindrical plugs for which an 2.03 mm leading-edge
separation is allowed. This would be the case,'for
instance, if each plug had a 0.5 mm high pedestal and a
0.51 mm longitudinally measured leading-edge chamfer. When
these results are compared with those of FIG. 7, one
predictably sees that the two added sharp edges introduce
two additional edge zones where contact is lost. However,
three virtually complete circumferential interfaces remain
to align each plug, and the maximum gap scarcely increases.

While it might appear that substantial gaps still
result from the improved design, a comparison with a sleeve
of uniform thickness shows substantial improvement. FIG. 9
depicts results obtained for a sleeve having a uniform
thickness of 0.62 mm--the average of the more exact
extremes given in Table 1. Comparison of FIG. 8 and 9
shows that a substantial increase in contact area is
achieved by the inventive design.

While the above analyses are useful to obtain the
improved sleeve wall thickness, other analyses are
possible. One approximation that is useful for simplifying
mold designs for making the sleeve is that of two offset
circles. The larger circle describes the outer surface of
the sleeve, and the smaller circle describes the inner
surface, as viewed in cross section. The value of h, given
for the sleeve above can be used to determine the degree of
offset of the circles. While this approximation is not as

exact as those given above, it still provides improved plug
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alignment as compared to uniform thickness sleeves.
The above principles will be more fully explained

by means of the following Example:

EXAMPLE

The present Example compares losses in connectors
using the inventive sleeve with losses in connectors using
a typical prior art sleeve. The fiber used in this Example
was a single-mode fiber having an outer diameter of
approximately 125 micrometers and a core diameter of
approximately 8 micrometers. The light source for the
measurements was a 1.3 micron wavelength light-emitting
diode. Cylindrical plugs having a diameter of
2.555 millimeters +. 1.27 micrometers were attached to the
ends of two lengths of fibers. The cylindrical portion of
each plug was approximately 6.35 mm long. The inventive
sleeve was approximately 10.2 mm long and had a thickness
shown in Table 1, using the values corrected for initial
curvature as shown. The split in the sleeve was about
0.5 mm wide, and the optional alignment flanges were about
0.89 mm high. This sleeve was made by transfer molding
using a silica-filled (about 70% by weight) thermal-setting
epoxy material (PLASKON Products, Inc., 2929B). This
material had a modulus (E) of about 1.4 x 1010 N/mz. A
disc of this material, about 25 mm in diameter by 12.7 mm
thick, was preheated to the softening point (about 100°¢
for about 24 seconds) and then inserted in a transfer-
molding die. It was cured at 165.6°C for 4 minutes,
ejected from the mold, and allowed to cool at room
temperature. The mandrel of the mold was removed, and the
sleeve was post-cured at 65.6°C for 1 hour for improved
dimensional stability. The connector loss, using the
above-mentioned cylindrical plugs in the inventive sleeve,
was measured for 148 such sleeves; the lateral surface of
the plugs was wiped clean every 5 to 10 insertions. 1In
this experiment, 90% of the sleeves gave insertion losses
less than 0.6 dB, with the mean insertion loss being
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0.34 dB and a standard deviation of 0.185 dB. For
comparison, a typical prior art metal cylindrical sleeve
having a constant wall thickness was measured. The metal
sleeve was 11.43 mm long and had an inner diameter of

2.41 mm and an outer diameter of 3,05 mm. Thirty
connections were made, and each was measured. The means
loss was found to be approximately 0.2 dB higher than that
of the inventive sleeve. Furthermore, the standard

deviation was increased by nearly a factor of 3.

While the cylindrical plugs typically connect to
optical fibers, it is apparent that the inventive sleeve
can be used in connecting an optical fiber to an optical
device, including, for example, optical sources and optical
detectors. The device can be mounted directly in the
cylindrical plug, or connected thereto by a short length of
optical fiber. While a single-mode optical fiber was

" utilized in the above Example, multimode fiber connections

also benefit from the use of the inventive sleeve. The
relatively low cost and ease of use of a molded plastic
sleeve of the inventive design make it especially suitable
for use in situations requiring a large density of
connections, such as office-type information distribution

systems.

z
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Claims
1. A split sleeve adapted for use with
cylindrical optical plugs,
CHARACTERIZED IN THAT
variations in the wall thickness of the sleeve
around its circumference are provided.
2. The sleeve in accordance with claim 1,
CHARACTERIZED IN THAT
sleeve is molded of polymeric material.
3. The sleeve in accordance with claim 1,
CHARACTERIZED IN THAT
the thickness (h) of the sleeve varies substantially

according to the formula:

),

=3
w
|
oy
n
'—l-
o
e

1

where hg is the thickness of the wall opposite the split,
and ¢ is the angle subtended by a point in the wall with
respect to the center of the split in a cross section of

the sleeve.
4. The sleeve in accordance with claim 1,

CHARACTERIZED IN THAT
the thickness (h = b-a) of the sleeve varies substantially

according to the formula:

2__2 2, b
E63 - sin? (&) (b°-a) + 2b“en2
8a~P 52-a%) - 4a2b2(9,n-g)2

where a = inner radius of the sleeve wall;
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b = outer radius of the sleeve wall;

¢ = angle subtended by a point in the wall with
respect to the center of the slit in a cross section of the
sleeve;

§ = diametral interference with the plugs;

p = pressure on the inside wall of the sleeve with

the plugs inserted therein;
E = modulus of elasticity of sleeve material.

5. The sleeve in accordance with claim 1,

CHARACTERIZED IN THAT

the sleeve has an outer surface described by a
larger cipcle and an inner surface described by a smaller
circlé that is offset from the larger circle, as viewed in
cross section,

6. The sleeve in accordance with claim 1,

CHARACTERIZED IN THAT

a cross section of the sleeve opens
substantially into a circle when the cylindrical plugs are

inserted therein.

@

@
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. AMENDED CLAIMS
(recewed by the International Bureau on 11 May 1984 (11 05 84))

771, A split sleeve adapted for use with
cylindrical optical plugs,
CHARACTERIZED IN THAT .

5 variations in the wall thickness of the sleeve around its
circumference are provided for making more uniform the
inward pressure on the plugs as compared to a split sleeve
of a constant thickness.

2. The sleeve in accordance with claim 1,

10 CHARACTERIZED IN THAT
the sleeve is molded of polymeric material.

3. The sleeve in accordance with claim 1,
CHARACTERIZED IN THAT
the thickness (h) of the sleeve varies substantially

15 according to the formula:

where ho is the thickness of the wall opposite the split,
20 and ¢ is the angle subtended by a point in the wall with
respect to the center of the split in a cross section of

the sleeve.
4. The sleeve in accordance with claim 1,

CHARACTERIZED IN THAT
25  the thickness (h = b-a) of the sleeve varies substantially

according to the formula:

20 B - sin? () (b%-a%) + 2b%end
8a3P (b2_a2)2 - 4a2b2 (Zn%)z

where a = inner radius of the sleeve wall;

35
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b = outer radius of the sleeve wall; .
¢ = angle subtended by a point in the wall w1th , ' a
respect to the center of the slit in a cross section of the
sleeve; &
5 § = diametral interference with the plugs;
p = pressure on the inside wall of the sleeve with j
the plugs inserted therein;
E = modulus of elasticity of sleeve material.
5. The sleeve in accordance with claim 1,
10 CHARACTERIZED IN THAT
the sleeVe has an outer surface described by a
larger circle and an inner surface described by a smaller
circle that is offset from the larger circle, as viewed in
cross section. .
15 6. The sleeve in accordance with claim 1,
~ CHARACTERIZED IN THAT
. a cross section of the sleeve oéens
substantially into a circle when the cylindrical plugs are
inserted therein. | )
20
25
30 £

35
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