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(57) Abstract

A device for forming a solder connection between a plurality of elongate bodies comprises a dimensionally recover-
able article, e.g. a heat-shrinkable sleeve, into which the bodies can be inserted, and a solder insert. The solder insert com-
prises two portions, one formed from a relatively low melting point solder for forming a solder joint between the bodies,
and the other portion being formed from a relatively high melting point solder. When the device is heated the relatively
high melting point solder will not melt until the low melting point solder has melted and flowed, and therefore provides a
means for indicating that the correct temperature has been reached.
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SOLDER CONNECTOR DEVICE

This invention relates to devices for forming
solder connections for example electrical connections
between electrical conductors or mechanical connections
between pipes and other equipment. In particular the
invention relates to such devices that are dimen-

sionally heat-recoverable.

Heat-recoverable articles are articles the dimen-
" sional configuration of which may be made substantially

to change when subjected to heat treatment.

Usually these articles recover, on heating,
towards an original shape from which they have pre-
viously 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 U.S. Patents 2,027,962;
3,086,242 and 3,597,372. As 1is made clear in, for
example, U.S. Patent 2,027,962, the original dimension-
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ally heat-stable form may be a transient form in a con-
tinuous process in which, for example, an extruded tube
is expanded, whilst hot,r to a dimensionally
heat-unstable,form but, in other applications, a pre-
formed dimensionally heat-stable article is deformed to
a dimensionally heat-unstable form in a separate stage.

In the production of heat-recoverable articles,
the polymeric material may be cross-linked at any stage
in the production of the article that will enhance the
desired,dimensibnal recovefability. One manner of pro-
ducing a heat-recoverable article comprises shaping the
polymeric material into the desired heat-stable form,
subsequently cross-linking the polymeric material,
heating the article_‘to a temperature above the

~crystalline melting point or, for amorphous materials

the softening point, as the case may be, of the
polymer, deformihg the article and cooling the article
whilst in the deformed state so that the deformed state
of the article is retained. 1In use, since the deformed
state of the article is heat-unstable, application of
heat will cause the article to assume its original
heat-stabie shape. ' '

In other articles, as described, for example, ih
British Patent 1)440,524, an 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 elasto--
meric member to recover. ' '

Heat-recoverable articles have become widely used
for forming solder connections between electrical con-

ductors in view of the ease of forming the connection
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and the quality of the connection so formed. For such
applications the article, usually in the form of a
sleeve, contains a quantity of solder for forming the
electrical connection and a pair of fusible inserts for
sealing the connection. These articles are described
for example in U.S. Patent Specifications Nos.
3,243,211, 4,282,396 and 4,283,596, and British Patent
No. 1,470,049 the disclosures of which are incorporated
herein by reference, and are "sold by Raychem
Corporation, Menlo Park, California under the trade
mark "SOLDER SLEEVE" amongst others.

Although such devices are satisfactory for many
applications, in certain instances the quality of the
connection formed may depend signifcantly on the skill
of the installer, and, in particular, the devices may
be sensitive to underheating or overheating or both.
This may result in unreliable connections, or damage to
the sleeve of the device or the insulation surrounding
the conductors to be connected. In other fields of
application, for example when mechanical joints are
being formed, the existing devices may be unsuitable in
view of poor or unreliable substrate penetration of the

solder.

These problems have been overcome by means of the
device described in our European patent application No.
172,072 which uses solder inserts formed from different
solder materials. However such devices have proved
difficult to manufacture because of the additional
solder inserts required which must be installed in the

correct order and position.

According to one aspect, the present invention

provides a device for forming a solder connection bet-
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ween a plurality of elongate bodies, which comprises a
dimensionally recoverable article into which part of
the bodies can be inserted, the article containing a
composite solder insert having a portion that is formed
from a relatively low melting point solder for forming
a solder joint between the bodies, and a portion that
is formed from a relatively high melting point solder
which, when the device is heated in use, will not melt
until after the relatively low melting point solder has
melted and flowed.

According to another aspect, the invention provi-
des a composite solder insert suitable for insertion
into_a,solder connection device, which has a portion
that is formed from a relatively low melting point
solder and a portion that is formed from a relatively
high melting point solder that will not melt, when the
composite insert is heated, until after the relatively

- low melting point solder has melted and flowed.

The term "solder" as used herein includes both
COnventionalrmetallic solder and solder adhesives in
which a hot-melt adhesive, e;g. a polyamide hot-melt
adhesive, or a thermosetting adhesive such as an epoxy
,adhésive, is filled with metal particles, e.g. with
silver flake. In most cases, however, the solder
inserts will be formed from conventional metallic
solder. '

Since only one solder insert need be used in the
manufacture of the solder connection device, the device
can be made simply and quickly using conventional
solder device assembly equipment. '
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The two portions of the composite solder insert
may be joined together by any of a number of means.
For example they may be bonded together for example by
means of an adhesive, or they may be soldered together,
either by means of a third solder material or by means
of the same solder as is used to form either of the two
portions of the device. Alternatively the solder por-
tions may be bonded together by cold working. This may
be achieved for example in the case of an annular
insert by a stamping operation in which one portion,
e.g. in the form of a collar, is bonded to the second
portion in the form of an annular flange as the second
portion is stamped out of a blank sheet. Another
method of cold working the two portions together that
may be used to form the composite solder insert is a
cold rolling method in which two or more strips of
solder material, including at least one strip each of
the high and low melting point solder are juxtaposed or
overlapped, or one is placed upon the other, and then
rolled to bond the strips together. The composite
strip so formed can then be cut to length and the cut
lengths wrapped around an appropriately shaped mandrel
to form a wrapped solder insert or may be wrapped
around the mandrel and then cut to length. Yet another
method of forming the composite insert includes forming
separate appropriately shaped inserts and then press
fitting inéerts formed from different solder material

together.

Whichever form of composite insert is used, it is
preferred that the individual, discrete, portions
formed from a least one of the solder materials are
formed only at the same time as the composite solder
insert is formed. That is to say, the composite insert




WO 88/09068 B : ' PCT/GB$8/00335

is preferably formed by an operation that does not
involve the prior formation of discrete solder portions
of both solder materials. Such operations have the
advantage that not more than one type of individual
solder insert isremployed at any one time, with con-
siderable simplification of the handling of the solder.

' Examples of such operations include cold rolling of
solder strips followed by chopping and wrapping the
strips, and stamping operations in which one portion is
stamped out of a blank sheet at the same time as it is
bonded to the other portion.

The insert is preferably formed from a strip of
solder that is formed into an appropriate shape for the
solder device, for example by wrapping it around a
mandrel. When forming this type of insert it is often
rneCessary for the two strips of solder that make up the
composite strip to be attached together by some means
at least untii the discrete ¢omposite insert has been
formed. Often, for example where one solder strip is
positioned in a groove in the other solder strip the
two strips will be -retained together by their shape
when the strip has been wrapped round the mandrél to
form the discrete device. The insert is preferably
formed in such a way that no material is present in the
insert other than solder or flux, or that, at most,
only an insignificant quantity of such material is pre-
sent. This form of solder insert may be formed in a
number of ways: the two different solder strips may be
assembled together with no adhesive to form a composite
solder strip, and then the strips may be stuck together
by means of a removable adhesive applied to the surface
only of the composite strip. After the strip has been
~wrapped around the mandrel to form the composite
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insert, so that the adhesive is no longer necessary,
the adhesive may be removed, e.g. by heat or infrared
radiation or by application of an appropriate solvent,
and the manufacturing process may be continued in the
conventional manner. Alternatively the two strips of
solder may be held together by means of an adhesive
coated paper layer that can be peeled away from the
composite strip just prior to wrapping the strip about
the mandrel. In other forms of strip, the two quan-
tities of solder may be bonded to one another by means
of the flux that is incorporated in the solder or may
in this case be coated on the surface of one of the
strips. Yet another form of device uses a volatile
adhesive which forms a temporary bond between the two
quantities of solder but which disappears when the heat
shrinkable sleeve is partially recovered about the
solder strip during manufacture of the connector

device.

In another form of device the two strips of solder
may be welded together for example by an electrical
welding method in which a pair of electrodes is pressed
against opposite sides of the composite solder strip
and a current is passed through the composite strip
that welds the strips together by joule heating. In
yet another form of device the two strips are joined
together by a train of laser welds in which a laser is
fired at a spot on the strip and forms a hole through
the composite strip and, at the same time, bonds the
two strips together. This form of joining the strips
together has the advantage that it is very rapid, and
that a number of small holes are formed in the insert
through which solder can flow when the device is

heated. B further form of device can incoporate an
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insert that has been formed from a co-extruded strip of
‘solder.

The composite solder strip is novel per se and
accordingly the invention further provides a composite
solder strip which comprises a plurality of strips of
sblder, at least one such strip being formed from a
relatively low melting point solder and at least one
bther such strip being formed from a relatively high
melting point solder, the strips being secured together
‘at least temporarily; This form of solder strip may be
used to form inserts for a solder device described
above, or it may be employed for hand solderihg in
which case the high melting point solder will not allow
low temperature solder to be fed into the joint until
the temperature is high enough.

In yet another'aspect of the invention the high-
temperature solder may be in the form of a plurality of
particles dispersed within the low-temperature solder.
'Forrexample the low-temperature solder may be in the
form of a solder paste with particle sizes in the range
of about 0.1 to 10 jm and containing 2 to 5% by weight
flux. Into the low-temperature solder paste a quantity
of balls of high-temperature solder are dispersed. The
diameter of the high-temperature solder balls is larger .
than the diameter of the solder paste particles, for
example the high-tempefature solder balls may have a
diameter in the range of 0.1 to 3 mm, and especially
from 0.3 to 1.5 mm while the solder paste particles
will usually have too small a size to identify indivi-
dual particles with the naked eye. Usually the solder
composite will contain up to 50%, preferably up to 30%
high-temperatufe solder balls, and most usually from
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0.1 to 10% high temperature solder balls. The com-
posite solder paste may be used alone to form solder
joints between two substrates or it may be used within
a heat-shrinkable sleeve as described above to form a
solder connector device that can form an insulated
joint between two elongate substrates. On recovery of
the sleeve the solder balls will give it an undulating
surface, and smoothening of the surface, signifying
that the high—temperatufe solder balls have melted,
will indicate that the sleeve has been heated suf-
ficiently. )

Another method in which the composite insert can
be formed without the prior formation of discrete
solder portions :is one in which the insert is formed
from compacted, preferably sintered solder powders.
Thus, for example, the low or hiéh melting point solder

‘ powder',méyf be placed in a 'mould and sintered under
pressure, and then the other solder powder may be added
to ﬁhe same mould and itself sintered under pressure
and at a temperature of up to 150°C to sinter both

powders together.

Preferably thé temperature difference between the
first and second insert points is at least 10, more
preferably at least 20 and especially at least 40°C but
preferably not more than 120, more preferably not more
than 90 and especially not more than 70°C. The two
solder materials may be formed from eutectic com-
positions having different melting points, for example
one portion of the insert may be formed from a 63%
Sn/37%Pb eutectic and the second from a 96.5% Sn/3.5%
Ag eutectic, or it may be formed from a eutectic com-
position, e.g. a 63% Sn/37% Pb composition while the
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second is'formed,from a non-eutectic composition, e.g.
50% Sn/50% Pb. 'In the latter case, although the second
portion will begin to melt at the melting point of the
lower melting point solder, it will then go through a
"pasty" phase as the temperature rises until it is
fully molten, and, during part of the "pasty" phase,
will act as a barrier to the fused lower melting point
solder. Preferably, however, the second solder portion
is formed from a eutectic composition in order to pro-
vide a prompt indication that sufficient heat has been
applied to the device.

‘The presence of the higher melting point solder
will often, depending on the design, control the extent
to which the molten lower melting point solder can flow

.along the bodles in at least one the directions. This

control of the flow of the lower melting point solder
hés a number of advantages depending on the applica-
tion. For example it will prevent fused solder from

. flowing or "squirting" out of the end of the deVice if

the device is overheated, and so prevent damage by the
hét solder to the ‘insulation surrounding the bodies in

the case of insulated wites and also prevent the for-

mation ofjaﬁ,electrically conductive path between the
interior and the exterior of the device.

In addition or alternatively the high melting

point solder portion may act as a temperatdre indicator

to indicate that sufficient heat has been applied to

the article. Thus, when the article is heated the
article attempts to recover about the elongate objects
but the central region is prevented from.reéovering by
the presence of the underlying solder insert. As

heating is continued, the low melting point portion of
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the composite insert melts and flows around the
elongate objects. By the time the higher melting point
portion melts, as evidenced by the change in the outer
profile of the article, the installer can stop the
heating of the article since melting and flowing of the
low melting point solder has been guaranteed.

Several forms of solder insert and connection
device according to the present invention will now be
described by way of example with reference to the

accompanying drawings in which:

Figure 1 1is an axial section through a solder

connection device according to the invention;

Figure 2 1is a perspective view of the composite

solder insert of figure 1;

Figure 3 is a perspective view of another form of

composite solder insert;

Figure 4 1is a perspective view of part of a
further solder insert during manufacture;

Figure 5 1is a schematic view of another form of
composite solder strip according to the

invention during manufacture;

Figures 6 and 7 are schematic views showing the
manufacture of yet another form of composite
solder strip according to the invention;

Figure 8 1is a cross-sectional view through yet

another form of composite solder strip; and
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Figure 9 is an isometric view of a further form of
composite solder strip.

‘Referring to the accompanying drawings, figures 1
and 2 show a solder connection device according to the
present invention, which comprises a hollow, open-ended
tfansparent heat-shrinkable sleeve 1, preferably formed
from crosslinked polyvinylidine fluoride. Inside the
sleeve 1 is a composite solder insert 2 and a pair of
uncrosslinked polyethylene sealing rings 3 for forming
an environmental seal to the bodies, e.g. electrical
wires or coaxial cables to be enclosed.

The composite solder insert comprises é main por-
tion 4 formed from a low melting point solder alloy,
e.g. a 63% Sn/37% Pb eutectic alloy which melts at
183°C. The composite solder insert has an edge portion
5 that is formed from a relatively high melting point
-solder material, e.g. a 96% Sn/4% Ag eutectic solder

which melts at 220°C. The two portions have a lap-

joint region 6 in which each portion has an overlapping
flange of half the wall thickness. This form of com-
posite solder insert may be formed by manufacturing the
separate components and then push-fitting them together
or by stamping if annular composite inserts are
required. Alternatively strips of the different solder
material may be cold rolled together and then chopped
and wrapped aroundra mandrel to form a wrapped insert.

Figure 3 shows a similar form of solder insert as
that shown in figure 2 in which a short tube or collar
4 of 63% Sn/37% Pb solder has been joined to a fing of
96% Sn/4% Ag solder by a stamping process at the same
time as the ring 5 is stamped out of the solder blank.

PCT/GB88/00335

o
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Figure 4 shows a composite strip of solder during
manufacture of a composite solder insert. 1In one form
of device a central strip 6 of high melting point (96%
Sn/4% Ag) solder is cold rolled with a larger strip 7
of low melting point (63% Sn/37% Pb) solder so that the
strip 7 is located on both sides of strip 6. This-
strip may then be chopped into discrete 1lengths and
wrapped with the high melting point solder strip 6
facing outwards. Alternatively the composite insert
may be formed with the central strip 6 formed from the
lower melting point solder and facing outwards so that
the portions of the larger strip 7 of higher melting
point solder lying on each side of the central strip 6
act as barriers to prevent fused low melting point
solder squirting out of the article when the article is
heated. If desired the larger strip 7 may be formed
from a low melting point non-eutectic alloy e.g. Snyg
Pbgy" Bijg while the central strip is formed from a
higher melting point eutectic alloy e.g. Sng3 Pb37.

Figure 5 shows schematically the steps in the
- manufacture of a solder device that employs an insert
from a wrapped composite strip. As shown in figure 5
the strip comprises a major strip 7 of low melting
point solder, e.g. Sn63/Pb37 and a minor strip 6 of
high melting point solder e.g. Sn96/Ag4 which are held
together by means of a small quantity 8 of a water-
soluble and/or cyanoacrylate adhesive.

After the composite strip has been wrapped around
a mandrel and cut to form an insert for a solder con-
nection device it can be briefly heated, for example by
means of an infrared heater to remove the layer 8 of
adhesive before it is inserted into a polyvinylidine
fluoride sleeve to form the device.
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Figures 6 and 7 show schematically an alternative
method of attaching the strip 6 of high melting point
solder to the strip 7 of low melting point adhesive in

which a high current is passed through the composite
strip periodically by means of electrodes 10 in order
to form welds 9 between the high and low melting point
solders.

Figure 8 is a cross-section through a composite
strip comprising 'low melting point solder 7, high
melting point solder 6 and flux 11 showing yet another
method of bonding the two strips together in which a
hole 12 is formed by means of a laser and the areas 13
adjacent to the hole are welded together. A laser such"
as a pulsed neodymium YAG infrared laser may be used to .
form an array of holes of about 0.2 to 0.3mm dlameter.

-in the composite strip. 1In the hole 12 a very thin
solder wall 14 is formed that will prevent premature
escape of solder flux, but will allow early escape of
flux via the hole 12 when the device is heated in use.

Figure 9 is a schematic isometric view of yet
another form of composite solder strip in which a
peripheral jacket of low melting point solder 7 has
been coextruded about a thin central strip 6 of high
melting point solder. '

153
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CLAIMS:
1. A device for forming a solder connection between

a plurality of elongate bodies, which comprises a
dimensionally recoverable article into which part of
the bodies can be inserted, the article containing a
composite'soider insert having a portion that is formed
from a relatively low melting point solder for forming
a solder joint between the bodies, and a portion that
is formed from a relatively high melting point solder
which, when the device is heated in use, will not melt
until after the relatively low melting point solder has
melted and flowed.

2. A device as claimed in claim 1, wherein the com-
posite solder insert has- been formed by bonding the
portions of the insert together.

3. A device as claimed in claim 2, wherein the por-
tions have been bonded by means of an adhesive or by

soldering.

4. A device as claimed in claim 1, wherein the por-
tions of the composite insert have been jointed by cold

working.

5. A device as claimed in claim 4, wherein the por-
.tions of the composite insert have been joined by

stamping or cold rollingf

6. A device as claimed in claim 1, wherein the com-
posite insert has been formed by press fitting the por-

tions together.
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7. A device as claimed in any one of claims 1 to 6,
wherein the  solder insert has been formed as an
annulus.

8. A device as claimed in any one of claims 1 to 6,
wherein the solder insert has been formed by wrapping a
length of solder into an annular shape.

9. A.dévice as claimed in claim 1, wherein at least

one of,thé portions of the composite solder insert has
" been formed only at the same time as the composite
. solder insertrisiformed.

- 10. A device as'claimed in any one of claims 1 to 9,

wherein the melting point of the higher melting point
solder is at least 20°C, preferably at least 40°C
higher than that of the low melting point solder.
11. A device as claimed in any one of claims 1 to
10, wherein the composite solder insert includes a por-
tion of one SOIder material axially located on each
side of the other solder material.

12, A device as claimed in any one of claims 1 to
12, wherein one of the solders is formed from a non-
eutectic composition.

13. ‘A composite solder insert suitable for insertion

into a solder connection - device, which has a portion
that is formed from a relatively low melting point
solder and é portion that is formed from a relatively
high melting point solder that will not melt, when the
‘composite insert is heated, until after the relatively
low melting point solder has melted and flowed.
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14. A composite solder strip which comprises a
plurality of strips of solder, at least one such strip
being formed from a relatively low melting point solder
and at least one other such strip being formed from a
relatively high melting point solder, the strips being
secured together at least temporarily.

15. A solder composition, which comprises a solder
paste and, dispersed in the solder paste, a quantity of
particles of a solder having a higher melting point
than that of the solder paste.

* % % % % *
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