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This invention relates to wiped cable joints
and to cables containing such joints.

Although the wiping solders used in forming
the wiped joints of the Present invention are of
general application, they are particularly useful
in situations in which there is g limitation on
the temperature to which the device to be wiped
may be raised due to physical or chemical in-
stability. One example of this is in the wiping
of cable joints over sheathing which already has
a solder incorporated in it and the remelting of
whieh latter solder is to be avoided.

In the past, multiconductor cables, particularly
those intended for installation out of doors,
either suspended in open-air or installed in
underground conduit, have generally been made
with a seamless, moisture-proof and mechani-
cally protective sheath of lead or suitable lead
alloy extruded over the cable core, In the past
these sheaths have been generally satisfactory
except for weight and bulk, bus, in recent years,
the cost and scarcity of lead have been an in-
centive for the development of a lead sheath
substitute.

Consequently, cables having thin sheaths of
metals, such as copper, brass or aluminum, in
the form of a transversely corrugated taps ap-
plied longitudinally about the core with over-
lapping edges to form a longitudinal seam have
been developed. These cables have proved to be
satisfactory in that they are mechanically strong
‘and moisture-proof, and in that the materials
for the sheaths are less expensive,.

However, the development of these substitute
cable sheaths has introduced sa problem not
formerly encountered, that is, the provlem of
wiping the joints. Where these sheathed cables
having longitudinal soldered seams are joined,
it was found that use of the conventional wiping
solders, that is, solders of lead-tin composition,
due to their high melting range, resulted in an
opening of the sheath seam. This results since
the lead-tin solders used for sealing seams has
a solidus point which is Iower than the applica-
tion temperature of the common wiping solders,
This difficulty is even more serious where a filler
or flooding compound which is rendered fAuid
upon heating is used immediately beneath the
sheathing as, for example, in the cable described
in the copending application of E. E. Schu-
macher, Serial No, 127,821, filed November 17,
1949. This application teaches the use of a cable
-with an aluminum layer and successive layers of
asphaltic filler, polyethylene and asphaltic filler
beneath a lead alloy coated brass sheathing
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which sheathing is sealed longitudinally by a
lead-tin solder. Where such a filler is present,
a melting of the sheath seam during the wiping
of the joint results in escaps of part of this filler
through the opening, which in turn makes reseal-
ing of the sheath extremely difficult. An addi-
tional difficulty in the case of the ecable above
referred to, is that use of conventiona] high
melting type solders results in injury to the poly-
ethylene jacket.

Research has indicated that the usual tin-lead
alloy solders are satisfactory for sealing the
seam in the sheath. To insure permanence of
the seam during the wiping operation, the wip-
ing solder employed should, under no circum-
stances, require heating to a temperature as high
as the solidus temperature of the seam alloy,
and, preferably, should not approach a value
closer than 30° C. or 40° C. to that of the solidus
temperature of the seam solder. These tin-lsad
solders have a solidus temperature of about
185° C. thereby limiting the lauidus point of
the seam solder to a maximum of 145° C. or
155° C.

According to the present invention g wiping
solder having a solidus point of about 91° C. and
a liquidus point of no more than 145° C. is pro-
vided and is, therefore, well adapted to the wip-
ing of a joint on a cable having a seamed sheath
sealed by the common solders. Furthermore,
this wiping solder has desirable handling prop-
erties and, after some slight experience, may be
handled at least as easily as any of the conven-
ticnal solders on the market.

The wiping solder of the present invention is
made up of cadmium, bismuth and lead, and
may contain small amounts of arsenic, antimony,
copper, iren, zine, tin and other incidental
impurities.

The invention will be more clearly understood
from the following detailed description when
read in conjunction with the following draw-
ings, in which:

Fig. 1 is an elevation in section of g joint in
a cable embodying this invention; and

Fig. 2 is a ternary diagram of the cadmium,
bismuth, lead system on which the composition
ranges of the present invention are drawn in,

As shown in Fig. 1, the embodiment of the
invention illustrated comprises a cable with a
metal sheathing | which sheathing has a longi-
tudinal soldered seam 2, and in which joint 4 and
sheathing | are wiped by wiping solder 3 of this
invention. A more detailed description of one
species of such cable will be found in the co-
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pending application of E. E. Schumacher above
cited.

Fig. 2 is a ternary diagram of the cadmium,
bismuth, lead system in which the three corners
represent 100 weight per cent of the noted ele-
ments cadmium, bismuth and lead and in which
a1l intermediate compositions are to be plotted
inearly. The liguidus points of the alloys of the
system are pletted as isotherms. The tempera-
tures of these isotherms are labeled as degrees
centigrade along the edges of the diagram. The
alloy compositions of this invention are those
in the shaded areas on the diagram.

According to Fig. 2, it is seen that the com-

position range of this invention is bounded by

the 125° C. and 145° C. isotherms and is fur-
ther limited so that the amount of cadmium
shall not fall below 2 per cent, nor that of lead
below 30 per cent. Although, for reasons of
economics, it has been preferable to use com-
positions in the area above the ternary eutectic,
that is, the area bounded by peints 5, 6, 7and 10,
it has been found that solders of various other
compositions within all portions of the marked
areas are just as satisfactory from a working
standpoint. It should be noted that the areas
marked on the diagram may be very closely ap-
proximated by the straight-line area formed
by joining the numbered points 5 through 14 by
straight lines. This is especially true with area
5, 6, 7, 10 in which the 135 and 145° C. isotherms
are almost exactly straight. Consequently,
these areas bounded by straight lines may also be
taken as defining the range of .compositions
suitable for the purposes of the present inven-
tion.

Approximate compositions in weight per .cent
of the noted points 5 through 14 on the ternary
diagram are below noted.
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The marked ranges on the ternary diagram
are significant. The solder should not have a
lquidus .point above 145°-C. because that is the
high temperature limit if & joiné is to be wiped
without reopening o sheathing seam soldered by
2 conventional lead-~tin solder. Thesolder should
not have a lguidus point below 125° C., this
limitabtion being necessary to preserve the work-
ing qualities of the solder, since, if the ternary
eutectic is more closely approached, more of the
solder will crystallize ot the eutectic composition
and there will not be a sufficient working spread
between liquidus and solidus. The 30-per cent
lead coraposition limitation, again, is to preserve
the working characteristics, sinee, if lower lead
compositions are utilized, the working range be-
comes too broad, more of the mixture will come
out as a liguid, and o porous joint is more like-
ly to result. It is mecessary to have a 2-per
cent minimum of cadmium present 4o maintain
the low ternary solidus point, that is, to keep
the solder from showing the hinary characteris-

- tics of the bismuth-lead system. rather than
those of the ternary .system.
. Experiment has-disclosed that the common im-
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purities generally present in lead do not hinder,
but rather, aid the working characteristics of
the solder if certain limitations are observed.
An exception to this is that the presence of
arsenic must be kept down to a maximum of .01
per cent where the sheathing to be wiped is made
of brass, or where it contains zinc, since, in such
4 case it is believed that a zinc-arsenic inter-
phasial constituent is formed which, during wip-
ing, becomes oxidized and which effectively pre-
vents wetting of the sheathing., Where the
sheathing to be wiped is not brass and does not
contain zinc the presence of arsenic in small
amounts produces a finer grain solder and there-
tore makes it more workable. Where brass or
zine containing sheaths are not to be wiped, or
where the sheath is coated with a metal not
containing zine, the arsenic may be present in
amounts up to .15 per cent and preferably should
be present in amounts of about .1 per cent. It
was found that the use of relatively high per-
centages of antimony increased the strength of
the solder and its freedom from porosity. How-
ever, it was found desirable to limit the antimony
content to about 1 per cent, the preferakle con-
tent being about .5 per cent. The preferable
upper limit for copper is about .1 per cent, that
for iron about .02 per cent, and for zinc about
.002 per cent.

Tt was also found that additions of small
amounts of tin have little effect on the working
qualities of the solder. Thus, an addition of up
to 1 per cent tin was found to have no other
discernible effect than to lower the solidus point
from the lead-bismuth~-cadmiuim ternary eutectic
to about 83° C.

Laboratory tests have shown the solder to be
readily wipable and, after some experience, sim-
pler to handle than the conventional wiping gol-
ders. Joints wiped with the new alloy were pres-
sure tested and found gas-tight. Experiment
has shown- that solidification of the new solder
is slow compared to that of lead-tin solders.
This is presumably due to the lesser heat flow at
the low operating temperature and o the poor
thermal conductivity -of the bismuth in the alloy.
This slow solidification rate is especially bene-
ficial and to a large extent compensates for the
comparatively short solidification temperature
range of the alloy. The tensile strength and
clongation of the new solders have been tesled,
and the properties can be considered comparable
to those of other wibing solders in use.

The ultimate tensile strengih and elongation
of a 50-per cent lead, 45-per cent bismuth, 5-per
cent cadmium solder, as determined by one-quar-
ter inch diameter castings similar to ASTM die
casting alloy test:specimens, aged for 100 hours is
6000 pounds per square inch with an 18-per ecent
elongation. .

After a joint has heen wiped using the new
soclder, and the exeess alloy frora the-catch pan
veturned to the solder pot and melted, a eon-
siderdable amount of dzress will be found floating
on the surface of the mels.  Analysis of this

_paterial plusentrapped solder malkes:it apparant

that the cadmium, presumably as cadndum oxide,
is the major -cause of the -dross. Fortunately,
these dresses can readily be reduced fo mstals
in the solder pot by stearine ab femperatures
usually reached justprior fo wiping. It isunde-
sirable to allow the temperature of the alloy fo
go above 350° -C. since at these temperatures
a black velvety -oxide forms on the surface of
the solder, which oxide is very difficult to reduce,
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If the temperature of the solder pot never ex-
ceeds 180° C. as required $o avoid fusion of the
usual solders used for sealing sheathing seams,
the difficultly reduced oxide will neot coeour.
Since the pot temperaturs is low, stearine can
be retained on the surface, thereby eliminating
oxide formation in the solder pot. Analysis for
cadmium oxide vaporization from continually
ladled solder indicates that the cadmium oxide
vapor concentration is well below the toxic limit.

The invention has been described above in
terms of the use of the wiping solder of the
present invention for wiping joinis in electricsl
cable having a sheathing ccntaining a scldered
seam. The invention is obviously appiicable to
the wiping of joints in any other metal sheathed
cable cor, more broadly, jeoints hetween any tubu-~
lar metal members. The invention has been de-
scribed in terms of its specific embodiments and
since certain meodifications and equivalents wiil
be apparent to those skilled in the art, the de-
scription above is intended to be illustrative of,
and not, necessarily to constitute a limitation
upon, the scope of the invention.

What is claimed is:

1. A cable sheath joint wiped with a wiping
solder consisting of lead, bismuth and cadmium in
the range of proportions between the 125° C. and
145° C. isotherms and bounded by the 2-per cent
cadmium and 30-per cent lead composition alloys
on the lead, bismuth, cadmium ternary diagram
of Fig. 2 of the drawing, together with incidental
impurities.

2. A metal sheathed cable having a soldered
seam in its sheath and a joint wiped with a wip-
ing solder consisting of lead, bismuth and cad-
mium in the range of proportions bounded by
straight lines joining successively the composi-
tion points cadmium 2 per cent, bismuth 52 per
cent; cadmium 2 per cent, bismuth 46 per cent;
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cadmium 9 per cent, bismuth 35 per ceni; cad-
mium 8 per cent, bismuth 40 per cent on the
lead, bismuth, cadmium ternary dizgram of
Fig., 2 of the drawing; the remainder lead, to-
gethed with incidental impurities.

3. A brass sheathed cable the sheath of which
has a lengitudinal seam sealed by a lead-tin
solder and a joint wiped with a wiping solder
containing 5 per cent cadmium, 45 per cent bis-
muth, and the remainder lead, together with
incidental impurities.

4. A joint between two tubular metal members
wiped with a wiping solder consisting of lead,
bismuth and cadmium in the range of propor-
tiens between the 125° C. and 145° C. isotherms
and bounded by the 2-per cent cadmium and
30-per cent lead composition alloys on the lead,
bismuth, cadmium ternary diagram of Fig. 2 of
the drawing, together with incidental impurities.
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