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Uncase data bus coupler and coupling method.

@ A cable coupling, particularly for data buses,
includes a transformer (23) and resistors (28,
29) to which the cables (1, 2, 3) are directly ~N
wired. The components and all electrical con-
nections are enclosed in a heat shrinkable tub- :
ing (35) or sleeve filled with liquid encapsulant » |
(34). Upon application of heat, the tubing ‘
shrinks causing the encapsulant (34) to fill all
voids between components. The encapsulant
(34) is then cured to provide an uncased coupl-
ing assembly which protects the components
and electrical connections from beakage, while
eliminating the need for a separate rigid hous-
ing. An overbraided shield and environmental
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of electrical
cable coupling and shielding, and in particular to a
data bus coupling arrangement of the type including
a transformer and isolation resistors for electrically
coupling together three or more data buses.

2. Description of Related Art

Data bus coupling arrangements are known
which permit coupling of multiple high frequency data
buses via transformers and isolation elements such
as resistors. An example of such a coupler is dis-
closed in European patent application EP-A-O 448
230 in the name of thy Applicant. This application des-
cribes a data bus coupler which includes a rigid hous-
ing for enclosing the coupling components. The
coupler housing is overbraided to provide a continu-
ous uninterrupted shield over the entire coupler, while
nevertheless reducing its size in comparison with
couplers having a rigid or solid shield.

Despite the advantages of the overbraided data
bus coupler, it would in many instances be desirable
to provide an even more compact coupling arrange-
ment, while still providing complete protection from
electromagnetic interference and environmental deg-
radation.

Conventionally, the data bus cables are themsel-
ves each shielded by a metallic outer braid, providing
excellent protection from interference. The problem to
be overcome is that, at the point where the individual
conductors are attached to the conventional coupler,
shielding discontinuities may be present. The smaller
the coupler, the more difficult it is to control such dis-
continuities.

Prior to the overbraided coupler, in order to over-
come the problem of shielding discontinuities at data
bus coupler terminations, and at cable joints in gen-
eral, rigid metallic casings were provided as part of, or
for enclosing, the coupler housings. The shielding
casings were soldered or otherwise electrically con-
nected to the cable braids and provided a measure of
shielding continuity. However, such casings suffered
the disadvantages of relatively high cost and large
size.

In the overbraided data bus coupler, size is
reduced by providing a flexible braid over the rigid
data bus coupler housing. The housing, however, is
retained to protect the delicate coupling components
from physical damage. While clearly an improvement
over prior art arrangements, further size reductions in
the size of the overbraided coupler were limited by the
need to provide a housing for the coupling.

As will become apparent from the following des-
cription of the invention, a rigid coupler housing is not
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necessary, and coupler size can be reduced without
sacrificing protection of the coupler components from
physical shocks, environmental degradation, or elec-
tromagnetic interference.

SUMMARY OF THE INVENTION

It is an objective of the invention to overcome the
drawbacks of the prior art by providing a cable coupl-
ing which does not require a rigid housing, and which
is nevertheless capable of being effectively protected
against physical shocks, environmental degradation,
and electromagnetic leakage.

It is a further objective of the invention to provide
such an uncased cable coupling for high frequency
data buses.

It is a still further objective of the invention to pro-
vide a method of manufacturing an uncased cable or
data bus coupling.

These objects are accomplished according to a
preferred embodiment of the invention by providing a
data bus coupling arrangement in which individual
wires of a data bus are directly wired to a transformer
and corresponding isolation resistors, without an
intervening terminal arrangement. Support for the
coupling is provided by a heat shrinkable, or other-
wise mechanically shrinkable, flexible tubing which is
filled with an encapsulant to provide structural sup-
port, vibration and shock dampening, and electrical
isolation of all components.

Both overbraiding and an environmental seal are
subsequently also included, according to the prefer-
red embodiment, for the purpose of preventing EMI
leakage and providing protection from such environ-
mental contaminants as dust and moisture.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional side view of an
uncased data bus coupling arrangement according to
a preferred embodiment of the invention.

Figure 2 is a circuit diagram of the coupling
arrangement of Figure 1.

Figure 3 is a cross-sectional side view of the cou-
pling arrangement of Figure 1, with the addition of an
overbraided shield.

Figure 4 is a cross-sectional side view of the over-
braided coupling arrangement of Figure 3, with the
addition of an environmental seal.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Figure 1 is a cross-sectional side view of an
uncased data bus coupler 4 constructed in accord-
ance with the principles of a preferred embodiment of
the invention for electrically coupling three shielded
data bus cables 1, 2, and 3. Each of the shielded



3 EP 0 482 973 A2 4

cables includes a respective jacket 5-7, enclosing res-
pective braided shields 8-10. Each cable carries two
insulated stranded or solid wires (17 and 18, 19 and
20, and 21 and 22, respectively) each of which is sur-
rounded by individual wire insulators 11 - 16.

Although three cables are illustrated, it will be
appreciated that the principles of the invention could
also be applied to a coupling arrangement for a num-
ber of cables other than three, and that the cables
could carry any number of wires. The principles of the
invention are equally applicable to any of the numer-
ous data bus configurations known to those skilled in
the art, and to a variety of other cable configurations
including coaxial and triaxial cables.

In the preferred embodiment, the respective wires
of cables 1, 2, and 3 are coupled through a toroidal
transformer 23 and resistors 28 and 29 as follows:
wires 17 and 18 from cable 1 are individually joined to
ends 24 and 27 on individual windings of the transfor-
mer. The other ends 25 and 26 of the two windings of
the transformer are joined to leads 30 and 32 of iso-
lation resistors 28 and 29. Leads 31 and 33 of the two
resistors are respectively coupled to wires 21 and 22
of cable 3 and 19 and 20 of cable 2, resulting in the
circuit arrangement shown in Figure 2. The values of
the two resistors and the number of coils on the trans-
former are of course dependent upon the specific type
of cables or data buses used. In addition, other circuit
elements may be added in place of or in addition to the
transformer and resistors to effect an electrical coupl-
ing, and the type of transformer may be vied as
required.

The respective wires of cables 1, 2 and 3 may be
attached to the leads of the transformer and resistors
by any known method of electrical connection,
although the well-known technique of wrapping fol-
lowed by soldering is currently preferred. As indicated
in figure 1, the braids 8-10 are removed from the ends
of the wires, and jackets 5-6 are removed a predeter-
mined distance from the ends of the braid.

The ends of each of the wires, including a portion
of jackets 11- 16, and the electrical components 23,
28, and 29, are all encapsulated by a suitable electri-
cally insulating material 34 such as silicon RTV which
is supplied in liquid form and solidifies upon curing.
The RTV encapsulant 34 provides structural support,
vibration and shock damping, and electrical isolation
of all components. It will be appreciated, however,
that other encapsulants having similar properties may
be substituted for the RTV. Also, it is noted that for
best shock protection, the cured encapsulant should
retain a degree of flexibility.

Surrounding the RTV is a shrinkable or "dimen-
sionally recoverable" tubing 35 which encases the
RTV prior to curing and provides electrical isolation.
In the preferred embodiment, the tubing 35 is made of
a heat shrinkable material. Numerous suitable heat
shrinkable materials are known to those skilled in the
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art, for example crystalline polymers such as polyole-
fins, including polyethylene, ethylene-vinyl acetate
copolymer, ethylene-ethyl acrylate copolymer or
other ethylene copolymers, polyvinylide diflucride,
polyvinyl chloride, etc., whether cross-linked or inhe-
rently heat-recoverable. Other examples include ther-
moplastic elastomers such as thermoplastic
polyurethanes and silicone-styrene block copolym-
ers.

Tubing 35 shrinks and becomes rigid upon appli-
cation of heat, providing support for the encapsulant
as it cures, while at the same time providing an
inwardly directed pressure against the encapsulant
which causes the encapsulant to completely fill all
voids between the components. Because the encap-
sulant must remain fluid during shrinkage of the tub-
ing, it is important for the respective shrinking and
curing temperatures to be selected accordingly.

In order to provide continuous shielding against
electromagnetic interference, each of the individual
shields 8-10 of cables 1-3 are electrically connected
together by an overbraided shield 36, best shown in
Figure 2, which completely encloses the uncased
coupling.

In order to facilitate assembly, overbraid 36 may
be formed in two or more parts and joined by one or
more seams. The overbraid is woven from electrically
conductive wires in the same known manner as the
individual braids of the cables, and may include nar-
rower sections 37 and 38 to fit closely around the indi-
vidual cables.

The overbraid 36 may be electrically connected to
the three respective cable shields by any of a variety
of suitable electrical connection or bonding methods,
including soldering or weaving the ends of the over-
braid into the braided shields of the cable. Numerous
other electrical connection methods will also occur to
those stilled in the art.

By providing an overbraid instead of a rigid metal
shield, assembly is greatly simplified due to ease of
manipulating the braiding and the greater dimen-
sional tolerances involved. However, it will be noted
that the overbraid may be replaced by substituting
various other flexible or easily manipulated conduc-
tive materials such as, but not limited to, pressed-over
metal, metal foil wrap, and vapor deposited conduc-
tive materials.

As shown in Figure 3, an environmental seal 40
encloses the overbraid 36 and the stripped back por-
tions of the cable shields, ending at cable jackets 5-7.
Bond seals are preferably added between the outer
seal 40 and jackets 5-7 in order to further protect the
EMI shielded assembly from moisture, dust, and other
environmental contaminants. Outer seal 40 may be
applied by any of a variety of known methods, includ-
ing plasticoat dipping, conformal coating, overmold-
ing, wrapping, seam welding, and so forth.

The uncased data bus coupler is preferably
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assembled according to the following method steps:

First, the individual cables are stripped to expose
the pairs of wires therein and the braided shield. The
individual insulators of the respective wires are also
stripped and the exposed bare wires or strands of
wires are directly connected to the transformer and
respective resistors by any suitable method such as
soldering, after which a shrinkable tubing material
such as heat shrink tubing is positioned over the cou-
pling.

The heat shrink tubing is selected to shrink to a
suitable shape upon application of heat. Before heat
is applied to the heat shrink tubing, RTV or a similar
encapsulant is injected into the tubing, after which the
heat is applied. The tubing then shrinks to an approp-
riate shape causing the encapsulant to fill all of the
voids within the tubing. Upon curing, the encapsulant
becomes solid to provide a solid structural support for
the various components.

After the encapsulant has cured, the coupling
may be overbraided by adding an overbraid as des-
cribed above, followed by addition of the environmen-
tal seal to complete the coupling arrangement.

As indicated above, it will be recognized by those
skilled in the art that the foregoing description of the
invention is not intended to be limited to the precise
form disclosed, and that other modifications and vari-
ations will be possible in light of the above teachings.
It is therefore intended that the appended claims be
construed to include all alternative embodiments and
modifications of the invention except insofar as they
are limited by the prior art.

Claims

1. Anuncased cable coupling arrangement for elec-
trically coupling at least two cables (1, 2, 3), the
cables each including at least two wires (17, 18,
19, 20, 21, 22) to be coupled via at least one elec-
trical component (23, 28, 29), comprising :

a member of shrinkable material (35)
enclosing said at least one component and ends
of said wires electrically connected to said com-
ponent ; and

an encapsulant surrounding (34) said
component and said ends of said wires and
enclosed within said shrinkable material.

2. An arrangement as claimed in claim 1, wherein
each of said cables includes at least two wires
and a braided shield (8, 10) stripped back from
said two wires, said shrinkable material (35)
being heat shrinkable and enclosing the stripped
portion of said cables (17 to 22).

3. An arrangement as claimed in anyone of claims
1 and 2, wherein said at least one component is
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10.

1.

12.

13.

14.

a transformer (23).

An arrangement as claimed in claim 3, wherein
said transformer is a toroidal transformer (23).

An arrangement as claimed in anyone of claims
1 and 2, wherein said at least one component is
a resistor (28, 29).

An arrangement as claimed in claim 5, further
comprising a transformer (23) connected be-
tween at least one of said wires (17, 18) and said
resistor (28, 29).

An arrangement as claimed in anyone of claims
1 to 6, wherein the number of said cables (1, 2,
3) is three.

An arrangement as claimed in anyone of claims
1 to 7, wherein said encapsulant material (34) is
RTV.

An arrangement as claimed in anyone of claims
1 to 8, wherein said shrinkable material is heat
shrinkable tubing (35).

An arrangement as claimed in claim 1, further
comprising a conductive shield continuation (36)
enclosing said coupling arrangement and electri-
cally connected to each braided shield (8, 9, 10)
of said cables to provide a continuous uninterrup-
ted EMI shield over the entire coupler.

An arrangement as claimed in claim 10, wherein
said conductive shield continuation is an over-
braided shield (36).

An arrangement as claimed in claim 11, wherein
each of said cables (1, 2, 3) includes an insulating
outer jacket (5, 6, 7) which covers respective
braided shields (8, 9, 10) of said cables, and whe-
rein said insulating outer jacket at an end of each
of said cable is stripped to expose a respective
braided shield and thereby permit connection be-
tween said respective braided shield and said
overbraided shield.

An arrangement as claimed in claim 1, wherein
each of said cables includes an insulating outer
jacket (5, 6, 7) and said arrangement further com-
prises an environmental seal (40) enveloping
said overbraided shield (36) and bonded to each
of said insulating outer jackets (5, 6, 7).

A method of assembling a data bus coupling,
comprising the steps of :
(a) providing at least two cables, each includ-
ing individual wires enclosed by shielding ma-
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terial ;

(b) electrically connecting the wires together
via at least one electrical component ;

(c) enclosing the ends of the individual wires
and said component within a shrinkable tubing
material ;

(d) filling the tubing material with a liquid
encapsulant ;

(e) shrinking the tubing material to cause the
encapsulant to completely fill all voids within
the tubing material ; and

(f) curing the encapsulant to provide structural
support, vibration and shock dampening, and
electrical isolation of said at least one compo-
nent.

A method as claimed in claim 14, wherein step (b)
comprises the step of directly connecting the
wires to a transformer and at least one resistor.

A method as claimed in claim 14 or 15, wherein
step (e) comprises the step of heat shrinking the
tubing material.

A method as claimed in claim 14, further compris-
ing the step of overbraided the coupling after cur-
ing the encapsulant.

A method as claimed in claim 17, further compris-
ing the step of adding an environmental seal after
overbraiding the coupling.

10

15

20

25

30

35

40

45

50

55



EP 0 482 973 A2

&
3 @
© \
M 0 @
-
 _ N RSB\™
AN .
NN
ex| o
N \r\ S
* ¢ N N
2, D 0
] I N D
AT 3 = S
:éig ’::.:J N~ J 2 N
M i
& |55
]
N -
zp)

FIG. 2




EP 0 482 973 A2

S Y R

9

v OId

6

AR 0
SRADREK Q
N5 ,..ou.u.ﬁ.m

8¢

T e e e e n e v e

X ﬂ\»‘.l\\i\»(‘n&!‘illnﬁhﬂbﬂ’dbﬂ’d\ﬂﬂbﬂbdl

XX XXX AKX XN

7z,

%\%

RS
(XS

v”"”.“@”‘ Y. 2

CRRLPLELS

A

XX
XS

Vv v 4‘.%.‘

A




	bibliography
	description
	claims
	drawings

