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(57) Abstract

A device for forming a solder joint between two or more elongate electrical conductors comprises a dimensionally
heat-recoverable sleeve (1) which contains a quantity of solder (2), and at least one dimensionally recoverable hollow
insert (3, 4) that is located in the region of the solder, the dimensionally recoverable insert having a lower recovery
temperature than that of the sleeve so that, when the device is heated, the insert will begin to recover before the sleeve
begins to recover. The recoverable insert will force back any bent strands of an inserted conductor in order to prevent

them piercing the heat-shrinkable sleeve during recovery.
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This invention relates to dimensionally recoverable articles, and
especially to such articles that are used for forming electrical
connections.,

- Dimensionally recoverable articles, especially heat-shrinkable
articles, are now widely used in many areas where insulation, sealing
and encapsulation are required. Usually these articles recover, on
heating, towards an original shape from which they have previously
been deformed, but the term "heat-recoverable’, as used herein, also
includes an article which, on heating, adopts a new configuration, even
if it has not been previously deformed.

In their most common form, such articles comprise a heat-
shrinkable sleeve made from a polymeric material exhibiting the
property of elastic or plastic memory as described, for example, in US
Patents 2,027,962; 3,086,242 and 3,957,372. As is made clear in, for
example US Patent 2,027,962, the original dimensionally heat-stable
form may be a transient form in a continuous process in which, for
example, an extruded tube is expanded, whilst hot, to a dimensionally
heat-unstable form but, in other applications, a performed
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dimensionally heat stable article is deformed to a dimensionally heat
unstable form in a separate stage.

In other articles, as described, for example, in British Patent
1,440,524, and elastomeric member such as an outer tubular member is
held in a stretched state by a second member, such as an inner tubular
member, which, upon heating, weakens and thus allows the
elastomeric member to recover.

Dimensionally heat-recoverable sleeves that contain a quantity of
solder have been employed for a number of years for forming
permanent, insulated solder joints between electrical conductors. Such
devices may, for example be employed to form a splice between a pair of
insulated wires by stripping the ends of the wires, positioning them in a
heat-recoverable solder connector and heating the connector to cause the
solder to flow and to cause recovery of sleeve about the wires. However,
in certain circumstances, for example where the devices are employed
to form an electrical connection between stranded conductors, it is
possible for one or more strands of a conductor to pierce the wall of the
recoverable sleeve as it recovers, thereby affecting the insulation and the
moisture sealing properties of the joint.

According to one aspect the invention provides a device for
forming a solder joint between two or more elongate electrical
conductors, which comprises a dimensionally heat-recoverable sleeve
which contains a quantity of solder, and at least one dimensionally
recoverable hollow insert that is located in the region of the solder, the
dimensionally recoverable insert having a lower recovery temperature
than that of the sleeve so that, when the device is heated, the insert will
begin to recover before the sleeve begins to recover.

The invention has the advantage that the insert is able to force
back any bent strands of an inserted conductor in order to prevent them
piercing the heat-shrinkable sleeve during recovery thereof. The insert
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preferably has a wall thickness.that is greater than the wall thickness of
the heat-recoverable sleeve, for example from 2 to 4 times that of the
heat-recoverable sleeve, in order to prevent itself being pierced by any of
the strands of the conductor. Thus, when the sleeve is recovered about
the electrical conductors, the insert can be observed to recover and
maintain the conductors in place, including forcing into their correct
position any bent strands of the conductor, before and during the
recovery of the sleeve.

Preferably the or each recoverable insert is located adjacent to the
solder. It is possible for a single insert to be employed, in which case it
may be located entirely on one side of the solder or it may be located about
the solder insert so that it extends on both sides of the solder. Preferably,
however, the or each insert is located entirely on one side of the solder so
that the insert or inserts can recover before the solder has melted. In
the preferred case, a recoverable insert is located on each side of the
solder.

The insert preferably has a recovery temperature that is at least
10°C and more preferably at least 20°C below the recovery temperature of
the sleeve, but usually not more than 60°C and preferably not more than

40°C below that of the sleeve.

Any material to which the property of dimensional recoverability
may be imported can, at least in the broadest aspect of the invention, be
used to form the heat-recoverable sleeve. For example, the sleeve may be
formed from a polyolefin, eg. a low, medium or high density
polyethylene, an ethylene copolymer, eg. ethylene vinyl acetate, a
polyamide, eg. nylon 6 or nylon 11 or 12, or a halogen-containing
polymer, especially a Fluoropolymer, eg. polyvinylidene fluoride,
ethylene-tetrafluoroethylene copolymer or polytetrafluoroethylene. For
most applications the preferred polymer for forming the recoverable
sleeve will be polyvinylidene fluoride.
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Many of these materials may be used for the recoverable insert in
the device. The particular choice of material for forming the insert will
depend on the material employed for the heat-recoverable sleeve. Thus,
for example where the recoverable sleeve is formed from high density
polyethylene, the insert may be formed from low density polyethylene.
Polyamides are preferred for the recoverable insert, especially where the
recoverable sleeve is formed from polyvinylidene fluoride. Thus,
according to another aspect, the invention provides a device for forming
a solder joint between two or more elongate electrical conductors, which
comprises a dimensionally heat-recoverable sleeve that contains a
quantity of solder, and at least one dimensionally recoverable hollow
insert that is located in the region of the solder, the dimensionally
recoverable insert being formed from a polyamide. In this case the
insert preferably also has a recovery temperature that is below that of
the sleeve as is the case with the other aspect of the invention although it
could be possible in certain instances for the recovery temperature of the
insert to be the same as, or even higher than, that of the sleeve.

A solder connection between a plurality of electrical wires may be
formed in a simple manner according to the invention by

6] stripping a length of insulation from each of the wires to
expose a length of the conductor;

(ii) positioning a device according to the invention on the wires;
and

(iii) heating the device to recover the sleeve and to melt the
solder.

Preferably the wires are stripped to have a length of conductor
that is substantially the same as the combined axial extent of the
insert(s) and solder so that the insert or the inserts together, and solder
are substantially co-extensive with the bare conductors. In addition, it is
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preferred for the recoverable insert as well as the recoverable sleeve to
include no fillers that would render them opaque. If the recoverable
insert and the sleeve are transparent it is possible to inspect the wires
both before and after formation of the solder joint, and to inspect the

quality of the joint.

If desired the recoverable sleeve may be coated with a fusible
sealant over part or the whole of its length, or one or more sealant
inserts, eg. rings may be provided in the sleeve in order to seal the sleeve
against water ingress. The fusible sealant may, for example be formed
from polyolefins, eg. low or medium density polyethylene, or from
ethylene copolymers such as ethylene vinyl acetate copolymer.

As mentioned above, the device includes a quantity of solder, ie. a
quantity of soft solder as distinct from brazing material, for forming a
permanent sol< - connection. The solder may, for example, simply be
in the forn: oi an SngzPbg7 eutectic composition which will melt as the
device is heated and the sleeve recovers, or more than one solder
composition having differing melting points may be employed, as
described in International Application No. WO88/09068. In this form of
device, melting of the higher melting point component, eg. Sngg 5Ag3.5
eutectic will provide a visual indication that the device has been heated
sufficiently to melt the lower melting point composition and to form a
satisfactory solder joint. If desired the lower melting point solder may
be a non-eutectic composition and, for example as described in
International Application No. PCT/GB90/00234, the higher and lower
melting point solder compositions may together form a eutectic
composition. For example, a non-eutectic SnggPb4o lower melting point
component may be employed with a higher melting point component
formed from pure tin in relative amounts that an SnggPbg7 eutectic is
formed. The disclosures of these two patent applications are
incorporated herein by reference. An advantage of employing a two
component solder, and especially a tin, SnggPbyg combination is that it
reduces the possibility of "wicking" that is to say, travel of the solder
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along the conductors and away from the joint area due to capillary
action by the stranded conductors, which can be caused by prolonged
heating of the device.

One device in accordance with the present invention will now be
described with reference to the accompanying drawing which is a
sectional elevation along the axis of the device.

Referring to the accompanying drawing, a device for forming a
solder connection between a pair of insulated stranded electrical wires 6,
comprises a dimensionally heat-recoverable sleeve 1 that has been
formed from radiation crosslinked polyvinylidene fluoride and may. be
provided with a thin hot-melt adhesive coating (not shown) for sealing
the device against moisture ingress. The sleeve 1 contains a ring 2
formed from a fluxed SuggPb37 eutectic solder composition and two rings
3 and 4 adjacent to the solder ring which are formed from transparent
nylon 12 which has been crosslinked and expanded to render it
recoverable.

The device is closed by means of a spherical plug 5 of sealing
material, eg. irradiated or non-irradiated polyethylene, for example as
described in British Patent Application No. 9002093.4.

In order to form a stub splice, the insulation is stripped from the
ends of the wires 6 in order to expose a length of stranded copper
conductor 7, and the wires are inserted in the sleeve until they abut the
spherical insert 5 or an internal shoulder 8 in the sleeve. The sleeve is
then heated, for example by means of a hot-air gun or infrared lamp,
whereupon the nylon 12 inserts begin to recover when they reach their
recovery temperature, this recovery maintaining the conductors in place
and pushing back any strands of the conductors 7 that may have been
bent. Then the sleeve 1 recovers about the wires and the solder ring 2
melts to form an encapsulated solder connection between the wires.
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Claims:

1. A device for forming a solder joint between two or more elongate
electrical conductors, which comprises a dimensionally heat-
recoverable sleeve which contains a quantity of solder, and at least one
dimensionally recoverable hollow insert that is located in the region of
the solder, the dimensionally recoverable insert having a lower recovery
temperature than that of the sleeve so that, when the device is heated,
the insert will begin to recover before the sleeve begins to recover.

2. A device as claimed in claim 1, wherein the or each recoverable
insert is located adjacent to the solder.

3. A device as claimed in claim 1 or claim 2, wherein the recoverable

insert extends on both sides of the solder, a recoverable insert is located
on each side of the solder.

4. A device as claimed in any one of claims 1 to 3, wherein the
recoverable insert has a recovery temperature that is in the range of 10

to 60°C below the recovery temperature of the heat-recoverable sleeve.

5. A device as claimed in any one of claims 1 to 4, wherein the
recoverable insert comprises a polyamide.

6. A method of forming a solder connection between a plurality of
insulated electrical wires, which comprises:

(i)  stripping a length of insulation from each of the wires to expose a
length of the conductor; '

(ii) positioning a device as claimed in any one of claims 1 to 5 on the
wires; and
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(iii) heating the device to recover the sleeve and to melt the solder.

7. A method as claimed in claim 6, wherein the recoverable insert(s)

extend(s) along the sleeve for a length that is substantially equal to the
length of the exposed conductors.

8. A device for forming a solder joint between two or more elongate
electrical conductors, which comprises a dimensionally heat-
recoverable sleeve that contains a quantity of solder, and at least one
dimensionally recoverable hollow insert that is located in the region of

the solder, the dimensionally recoverable insert being formed from a
polyamide.
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