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[5 7 ] ABSTRACT 
Method and apparatus for ?lling and coating the 
strands of a fully-?lled electric cable. The wires, or 
groups of wires, are passed through a tank containing 
the ?lling and coating material in a liquid state and at 
a temperature above its dropping point temperature 
while the wires are being stranded together in the tank 
and as the so-stranded and ?lled wires leave the tank 
they are subjected to cooling, causing the material to 
solidify, and the material is smoothed and reduced to 
the desired size. The tank has a perforated guiding 
plate at its input, the wires, or groups of wires, passing 
through the perforations and the tank contains one or 
more dies through which the stranded wires or groups 
pass. The tank is temperature regulated and provision 
is made for recirculation'of over?ow or leaked ?lling 
material. The cooling and smoothing is accomplished 
in a tube at the exit of the tank which tube is sur 
rounded by a cooling ?uid. 

7 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR IMPREGNATING 
STRANDED WIRES DURING STRANDING 

THEREOF ' 

The present invention relates to the manufacture of 
electric cables, in particular, telecommunication cables 
of the type comprising a strand of several conductive 
elements, individually insulated, enclosed in an imper 
meable sheath and provided with a water-impermeable 
medium in the spaces existing in the strand and be 
tween it and the sheath. Cables of this kind are com 
monly known as “fully-?lled cables" and will be desig 
nated by this expression in the present speci?cation. 
One type of fully-?lled cable comprises a strand of 

several conductive elements insulated with plastic ma 
terial, for example, polyethylene. The “strand” is the 
bundle obtained by bringing together single conductors 
appropriately insulated, or the pairs, quads, trefoils, 
etc. constituted by stranding individually insulated 
wires. In the practice, two types of strands can be pro 
vided. One of them is called “concentric," because it 
is formed by several layers of conductive elements ar 
ranged concentrically, one layer on the other, about 
the axis of the strand, while the other is called “unit 
type” strand, being formed by stranding bundles of 
conductive elements. Said bundles, in turn, can be 
formed concentrically or in groups. 
The spaces existing inside the strand and between it 

and the sheath usually are ?lled with a water 
impermeable medium, mainly intended to prevent 
‘water infiltration along the cable and inside the sheath, 
‘in the event of rupture of the latter. The ?lling medium 
is such that, at normal temperatures, it does not tend 
‘to migrate along the cable and at the same time permits 
the necessary relative sliding movements of the con 
ductors, required by the bending which takes place 
during the cable ‘manufacture and installation. 

In practice, said ?lling material is constituted by sub 
stances which are semi-solid at room temperature 
which, because of their non-homogeneous nature, do 
not have a melting point at a de?nite temperature 
value, but change their physical state within a limited 
temperature range, in‘ general, a range of about 15°, 
passing gradually from the semi-solid to the liquid state. 
As is known, reference is made in describing said sub 
stances to the so-called “dropping point,” which indi 
cates the temperature at which the substance in ques 
tion, during theheating treatment, begins to soften, giv~ 
ing rise to drops. Said dropping point is determined by 
the American Society of Testing Materials, Test D 
566-42. The substances which are used as a ?lling me 
dium usually ‘ consist of microcrystalline petroleum 
waxes, mixtures of said waxes with oils, usually called 
“petroleum jelly,”, or of ole?ne polymers of low mo 
lecular weight. _ 

In the process for manufacturing fully~?lled cables, 
the step of ?lling the cable strand with the ?lling me 
dium represents the most critical phase, since ‘it must 
be ensured that said ?lling medium ?lls as completely 
as possible all the empty spaces existing between the 
conductive elements. 
Various conventional techniques are used for carry 

‘ ing out said ?lling operation. Such techniques comprise 
?lling techniques effected during the stranding phase 
or on the‘ already formed strand. The techniques ef 
fected during the stranding phase are more suitable for 
?lling strands of the concentric type and are grounded 
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2 
on the principle of injecting the ?lling medium in liquid 
or semi-solid state during the step of formation of each 
concentric layer of the strand itself. The ?lling tech 
niques carried out on the already formed strand are, in 
stead, grounded on the principle of injecting in said 
strand the ?lling medium in a liquid state by application 
of pressure and/or by preliminary "creation of vacuum. 
The hereinbefore mentioned techniques, which are 

satisfactory under many conditions, have, however, 
some disadvantages. Those used for ?lling the strand in 
the stranding phase require, in general, a complicated 
apparatus comprising several injection devices, inde 
pendent of one another and in a number corresponding 
to the number of layers of the strand. Moreover,‘ they 
are unsuitable for strands to be formed in groups. 
The methods for ?lling the already formed strand can 

be applied to strands of any type, irrespective ‘of their 
formation, provided that they are constituted by a rela 
tively small number of elements, in order to permit the 
?lling medium to ?ll the strand completely. Moreover, 
this technique ‘is followed only when the substance 
chosen as the ?lling medium can be applied at such a 
temperature as not to become solidi?ed‘ once it has 
come into contact with-the strand and, consequently, 
not to originate an irregular v?lling of the'spaces inside 
the strand, said temperature‘ being, in'any event, such 
as not to cause damage'to the elements of the strand. 
The present invention has, as its principal object, the 

providing of a complete ?lling of the strand of a cable 
of the type described hereinbefore, with a ?lling me 
dium, whatever the structure of ' the strand may 'be, 
without the hereinbefore mentioned disadvantages and 
without employing particularly complicated equipment 
or processing steps. ' - 

Accordingly, one object of the present invention is a 
process for manufacturing a fully-?lled electric cable 
which comprises the step of producing-a stranded as 
sembly by starting with components of elongated shape 
and inde?nite length and simultaneously providing said 
stranded assembly with a water-impermeable and elec 
trically insulating ?lling medium. Said‘process is char 
acterized by the fact that the stranding of said compo 
nents to form said assembly is carried out continuously 
along a substantially longitudinal path, and said compo 
nents are immersed, during the‘ stranding step, in'the 
?lling medium maintained at a temperature higher by 
at least 5°C than its dropping point temperature, the 
stranded assembly subsequently being brought to ‘a 
temperature lower by at least 5°C than the dropping 
point temperature of said ?lling medium; and the layer 
of ?lling medium impregnating said assembly being si 
multaneously smoothed and reduced to the desired 
size. " I -f " - 

In the present speci?cation, the expression “produc 
ing a stranded assembly by starting from components 
of elongated shape and inde?nite length” is intended to 
refer to any of the various stranding steps of a known 
process for the manufacture of a cable. Therefore, the 
stranded assembly can be, for example, the’?nal strand, 
or a group which will be used to form said strand, or a 
subgroup, etc. Correspondingly, the components can 
be, for example, groups of sub-groups, of trefoils, 
quads, pairs, individual wires, etc. 

In any case, the essence of the invention lies in the 
fact that the components which are to vbe stranded to 
gether are immersed in the liquid ?llingi'medium be 
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fore, during and after they are stranded, so that a sub 
stantially perfect impregnation is obtained. 
The components can reach the stranding station al 

ready impregnated (in an analogous preceding step or 
according to another impregnation method) or not im 
pregnated. In the latter case, it is advisable for the com 
ponents to comprise a relatively small number of wires 
inorder that the immersion preceding their stranding 
will be sufficient to impregnate them. 

Irrespective of the structure of the components, their 
stranding is effected during the time that they are im 
mersed in the ?lling medium by either a rotating pay 
ing-off or a rotating collecting system, of a type known 
in the art. ‘ 

Afurther object of the present invention is to provide 
apparatus suitable for carrying out the hereinbefore de 
scribed process. Said apparatus comprises: 
‘ a. at least a temperature, regulated tank containing a 
?lling medium at a temperature higher by at least ‘5°C 
than the dropping point temperature of said ?lling me 
dium, said tank being provided, at least at one of its 
walls and below the level of said ?lling medium, with 
a plate able, if necessary, to rotate about its own axis 
and having through holes arranged around said axis, 
each of said holes being intended for the passage of one 
component and said tank being. also provided, at the 
opposite wall, with a hole having a diameter corre 
sponding approximately to that of the assembly formed 
by said components stranded in said tank; 

b. at least a die for bringing said components together 
and‘situated inside said tank and fully immersed in the 
?lling medium, said die also being the stranding place 
for said components; and _ 

c. a tube connected at one end with said hole in the 
wall of said tank, and provided with conventional 
means to maintain it at a temperature lower by at least 
5°C than the dropping point temperature of said ?lling 
medium, the other end of said tube being free and said 
tube having a diameter preferably not exceeding the 
diameter of the stranded assembly passing through it by 
more than 2 millimeters, providing, in this way, a 
means for smoothing and sizing the layer of the ?lling 
medium impregnating said assembly. 
The process steps for producing a stranded assembly 

and for providing it simultaneously with the ?lling me 
dium to obtain a telecommunication cable of the fully 
?lled type according to the present invention, and the 
related apparatus will be more clearly understood from 
the following detailed description of preferred embodi 
ments thereof, which description should be considered 
in conjunction with the accompanying drawings in 
which: 7 

FIG. 1 is a diagrammatic, perspective view of an em 
bodiment of the invention for forming a “unit type” 
strand; 
FIG. 2 is a diagrammatic, perspective view of an em 

bodiment of the invention for forming a “concentric 
type” strand; and 
FIG. 3 is a diagrammatic, perspective view of an em 

bodiment of the invention for forming a unit type 
strand from a plurality of concentric type strands. , 
The apparatus illustrated in FIG. 1 is intended to 

form, for example, a unit type strand, in which each 
group of conductors is of the concentric type or is in 
turn divided into groups. Said apparatus de?nes a path 
A—A’, substantially rectilinear, for the continuous pas 
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4 
sage of the components, in particular, of the groups of 
the cable, in a direction longitudinally thereof. 

In FIG. 1, the tank 1 contains a cable ?lling medium 
2. The medium 2, already heated separately to a tem 
perature higher by at least 5°C than its dropping point 
temperature, is introduced continuously, in a liquid 
state, through the supply duct 3 and is discharged in a 
controlled manner through the discharge duct 4, so 
that the level of the ?lling medium 2 in the tank 1 re 
mains constant. A preferred ?lling medium is a petro 
leum jelly which may be heated to a temperature of 
about 90°C, its dropping point being 85°C. 
At the wall 5 ‘of the tank 1, there is a circular plate 

6 provided with through holes 7, corresponding in 
number to the number of the groups of conductors in 
tended to be introduced into the tank 1. A group 8 
passes through each hole 7. The groups come from cor 
responding conventional dies which are situated up 
stream of the tank 1 and which are not shown in the 
drawing. As indicated hereinbefore, each of said 
groups 8 comprises a small number of wires, in order 
to ensure the complete penetration of the ?lling me 
dium 2 into the space therebetween. 
The level of the ?lling medium 2 in the tank 1 is such 

that the plate 6'is completely below said level. Inside 
the tank 1 and ‘completely immersed in the ?lling me 
dium 2, there is a die 9 in which the groups 8 are 
brought together and stranded in a unit type formation. 
If the stranding of the groups 8 is carried out by means 
of a conventional rotating paying-off system, the plate 
6 may be mounted to rotate about its own axis by 
means of a revolving shaft (not shown) connected to it 
and external to the tank 1. 
The strand 10 formed by said groups 8 continues to 

travel in the liquid ?lling medium 2 and penetrates, 
through a hole 11 of a wall 12 of the tank 1, and then, 
travels in a tube 13 which is maintained at a tempera 
ture 15°C lower than the dropping point temperature 
of the ?lling medium, 2, the tube 13 being situated, for 
example, in a container 14 in which a liquid circulates 
at said lower temperature. The tube 13 has its free end 
15 opening at the outside of the container 14. 
Connected to the wall 5 of the tank 1, there is a con 

tainer 16 for collecting the ?lling medium 2 which 
?ows out from the holes 7 of the plate 6. Said container 
16, provided with a discharge duct 17 for discharging 
the excess of the ?lling medium 2, is maintained 
heated, like thetank 1, so that the ?lling medium 2 may 
‘remain in the liquid state. From the discharge duct 17 
the excess of the ?lling medium’ 2 can be conveyed and 
recirculated to the tank 1 through the duct 3 of the lat 
ter, by means of conventional recirculating means. 
For the sake of simplicity, the drawing does not illus 

trate a heat exchanger able to maintain the ?lling me 
dium 2 in the tank 1 at the pre-established temperature, 
the heating means for the collecting container 16 or the 
heater exchanger able to maintain the tube 13 at the 
desired temperature. However, each of these is well 
known to those skilled in the art. ' 

, The tank 1 has relatively small dimensions. To carry 
out the ?lling of the groups 8 with the ?lling medium 
2 as described hereinbefore, it is in fact suf?cient for 
the tank 1 to have a length of the order of 50 centime 
ters and a height of the order of 20 centimeters. Said 
dimensions, however, are mainly dependent on the 
geometrical con?guration of the manufacturing line 
and on the line speed. i 
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Each group 8, introduced in the tank 1 through the 
corresponding hole 7 of the circular plate 6, comes sep 
arately into contact with the ?lling medium 2 contained 
in liquid state in the tank 1, so that a total impregnation 
of each group 8 is obtained at the same time and before 
they are brought together and stranded in the die 9 situ 
ated inside the tank 1. As it leaves the die 9, the result 
ing strand 10 still remains in contact with the ?lling me 
dium 2 along the zone extendingfrom the die 9 to the 
wall 12 of the tank 1 provided with the outlet hole 11,. 
Although it is not strictly necessary for said zone to 

be wide, since the complete external covering of the 
strand can be obtained by a minimum travel of the lat 
ter in contact with the liquid ?lling medium 2, it is pref~ 
erable for said travel to correspond to about one half 
of the tank length, so as to ensure, at the minimum, the 
presence of the ?lling medium 2 outside the strand 10 
being formed. Therefore, the die 9 is generally situated 
in the middle of the tank 1. . > 

The strand 10 in contact with the liquid ?lling me 
dium 2 travels along the remaining part of the tank 1 
and leaves the tank 1 through the hole 11 of the wall 
12, to enter the tube 13. The hole 11 is coaxial with the 
outlet hole of the die 9, and has a diameter approxi 
mately equal to that of the strand 10, and in practice 
exceeds the diameter of the strand 10 by 2 millimeters 
at the most. The tube 13 has an inner diameter of simi 
lar dimensions. 
The passage of the strand 10 in the tube 13, practi 

cally in contact with the tube walls, which are at a tem 
perature 15°C lower than the dropping point tempera 
ture of the ?lling medium 2, causes a reduction in tem 
perature of the medium 2, with a subsequent rapid 

. change from the liquid to thesemi-solid state. The 
length of the tube 13 corresponds approximately to 
that of the tank 1, so that the strand 10 as it leaves the 
tube 13 through the free end 15, is ?lled with a totally 
semi-solid medium, without any leakage of the ?lling 
medium 2 from the strand 10. Moreover, during said 
passage, the strand 10 is uniformly covered at all points 
with the ?lling medium 2, so that, as it leaves the tube 
13, the outer layer of ?lling medium 2 is smoothed and 
sized and completely surrounds'the outer surface of the 
strand 10. - 

As a ?nal result, the strand 10 is completely impreg 
nated with the ?lling medium 2 both inside and outside, 
and is ready for the subsequent conventional process 
ing steps for the manufacture of the ?nished telecom 
munication cable, e.g., covering the strand 10 with me 
tallic screening tapes and/or'a plastic sheath and if de 
sired, a metal sheath or armor. ’ 

The apparatus illustrated in FIG. 2 is particularly in 
tended to form a strand of the concentric type while, 
at the same time, completely ?lling it with the ?lling 
medium. Said apparatus, like the previously described 
embodiment, de?nes a substantially rectilinear path 
B-B' for the continuous passage of the components in 
a direction longitudinally thereof and comprises a tem 
perature regulated tank 18, containing the ?lling me 
dium 2, at a temperature higher by at least 5°C than its 
dropping point temperature. Said tank 18 is provided 
with a circular plate 19 at one of its walls and with two 
circular plates 20 and 21 inside the tank 18. All the 
plates 19-21 are situated below the level of the ?lling 
medium 2. Inside the tank 18 there are three dies 22, 
23 and 24. The ?rst two dies 22 and 23 are located at 
the plates 20 and 21, respectively, whereas the third die 

6 
24 is located downstream of the plate 21. The strand 
components 25 which are introduced in the tank 18 
consist of single wires or of pairs, quads or trefoils, and 
come, in this case, from conventional paying-off drums 
(not shown) arranged upstream of the tank 18. Said 
components 25 pass through the corresponding holes 
194 of the circular plate 19 and are in part brought to 
gether and stranded in subsequent steps in the dies 

, 22-24 by means of a conventional rotating collection 
10 

25 

30 

35 

45 

.50 

65 

system (not shown) located downstream of the whole 
?lling apparatus. 

Speci?cally, some of the components 25 introduced 
into the tank 18 are brought together in the die 22 to 
form subsequently the central layer of the strand 25a. 
In the meantime, the other components 25 pass instead 
directly from the holes 19a of the plate 19 through the 
holes 20a of the plate 20. In turn, some of them are sub 
sequently brought together in the die 23 to form a layer 
situated on the central layer, while the remaining com 
ponents pass directly from the holes 20a of the plate 20 
to the.- holes 21a of the plate 21 and are subsequently 
brought together in the die 24 to form the last layer of 
the strand 25a. Therefore, the strand 25a has three 
concentric layers of said components 25, which are 
completely filled with the filling medium 2. 
As described in connection with the tank 1, the di 

=mensions of the tank 18 depend on the geometrical 
con?guration of the manufacturing line; and on the 
speed of, the latter. . . t _ . ~ 

' Analogous to what was described. in respect to the 
embodimentin FIG. 1, the, strand 25a so formed,.con 
tinuing its longitudinal travel, exits from the tank 18‘ 
through a hole in the tank wall 26 and entersa tube 27, 
whose inner diameter exceeds that of the strand 25a by 
2 millimeters at the most, and. which is maintained at 
a temperature lower by at least 5°C than that of the 
dropping point temperature of the ?lling medium 2, the 
tube 27 being, for example, situated in the container 28 
where-a liquid circulates at said lower. temperature. 

1 I Therefore, in this embodiment also, the strand 25a in 
its passagethrough the tube 27 is uniformly covered 
with the ?lling'medium 2 now in semi-solid state so 
that, as it leaves the end 29 of the tube 27, said strand 
25a has its outer layer of the ?lling medium 2 smoothed 
and sized. Also, the strand 25a is completely ?lled inte 
riorly thereof. ' " ‘ 

Connected to the tank 18, there is a heated container 
30, like the container 16, for the collection of the ?lling 
medium 2 which flows out from’ the holes 19a of the 
plate 19. Said container 30 has a discharge duct 31 for 
discharging the excess of the ?lling medium 2. The lat 
ter can’be returned to the tank 18 as previously indi~ 
cated‘with reference to the embodiment in FIG. 1. FIG. 
2 does not illustrate the heat exchanger able to main 
tain the ?lling medium 2 in thev tank 18 at the desired 
temperature, the heating means for the collecting con 
tainer 30, and the heat exchanger able to maintain the 
tube 27'at the desired temperature. 1* 1 

The ‘apparatus illustrated inv FIG. 3 is intended to 
form a unit type strand, where‘ each group is of concen 
tric type and comprises a great number of wires, and to 
impregnate, at the same time, said strand with the ?ll 
ing medium. The apparatus comprises three tempera 
ture regulated tanks 32, 33 and 34 arranged in parallel, 
each of which is identical to the previously described 
tank 18. The components which enter each tank 32, 33 
and 34 through the holes of the respective circulate 
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plates 42, 43 or 44, situated at the tank wall, are 
stranded in said tank to form a concentric group. Said 
components 25, consisting of individually insulated 
wires, or of pairs, quads or trefoils of said wires, come 
from conventional paying-off drums (not shown) situ 
ated upstream of each tank. The groups 25 enter the 
respective tank, and are brought together and stranded 
in subsequent phases in three dies totally immersed in 
the liquid ?lling medium so that, at each outlet 35, 36 
and 37, respectively, of the cooling tubes connected to 
said tanks, there is a group constituted by a central core 
and two concentric layers of components, which is 
completely ?lled with the ?lling medium in semi-solid 
state and carries on its outer surface a smoothed and 
sized layer of said medium. Said groups, in turn, are 
conveyed and caused to pass through a temperature 
regulated tank 38 identical to the previously described 
tanks 32, 33 and 34. In the tank 38, the concentric 
groups, while they are immersed in the liquid ?lling me 
dium, are brought together and stranded in a die 39 in 
a unit type formation. The resulting strand 45 subse 
quently passes through the cooling tube 40, and there 
fore, it leaves the free end 41 of said tube 40 com 
pletely ?lled with the ?lling medium in semi-solid state, 
carrying on its outer surface a smoothed and sized layer 
of said ?lling medium. 

In addition to the hereinbefore indicated means for 
paying off the components, the apparatus is also pro 
vided with rotating collection means situated down 
stream of the ?lling apparatus 38-41, which imparts 
the stranding twist both to the groups and to the strand 
'45. ‘ 

Although preferred embodiments of the present in 
vention have been'described and illustrated, it will be 
understood by those skilled in the art that various mod-_ 
i?cations may be made without departing from the 
principles of the invention. . 

' i What is claimed is: 

1. In a process for manufacturing a fully-?lled cable 
comprising a plurality of conductive components of 
elongated shape surrounded by at least a water 
impermeable sheath and twisted into a strand, the 
spaces within said sheath and between the components 
being ?lled with a water-impermeable and electrically 
insulating ?lling medium having a predetermined drop 
ping point temperature, the method of ?lling and coat 
ing said components which comprises feeding said 
components longitudinally along a predetermined path 
while twisting them to form said strand at a predeter 
mined position along said path spaced from the begin 
ning thereof, immersing each of said components in 
said filling medium at a temperature above said drop 
ping point temperature in advance of said position so 
that said components are each individually immersed in 
said bath prior to the position at which said strand hasv 
been formed, maintaining both said components and 
said strand immersed in said ?lling medium at said tem 
perature as said components are twisted in advance of 
said position and as said strand is formed at said posi 
tion and as the strand is fed beyond said position, cool 
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8 
ing the ?lling medium on said strand to a temperature 
below said dropping temperature, to thereby solidify 
said medium,_and smoothing the peripheral surface of 
the medium on said ‘strand. ' ' 

2. A process asset forth in claim 1, wherein'the ?lling 
medium in which said components are'immersed dur 
ing twisting is'maintained at a vtemperature at least 5°C 
above said dropping point temperature and said me 
dium on said strand is cooled to a temperature at least 
5°C below said dropping point temperature. 

3. A process as set forth'in claim 2, wherein said 
strand is maintained immersed in said mediumat said 
temperature 5°C above said dropping point tempera 
ture as it is fed beyond said position and until it reaches 
a further position at which said medium ‘on said strand 
is simultaneously cooled and smoothed to a predeter 
mined size. ‘ 

4. Apparatus for cooling and ?lling the spaces within 
a strand of elongated conductive components- with a 
water-impermeable and electrically insulating ?lling 
medium having a predetermined dropping point tem 
perature during the twisting of the components forming 
said strand comprising at least one temperature regu 
lated tank for receiving said ?lling medium and vmain 
taining said medium. at a’ temperature above said drop 
ping point temperature and at a predetermined level, 
said tank having a ?rst wall at one end of said tank and 
a second wall at the opposite end of said tank, said ?rst 
wall having a plate portion with a plurality of holes 
therethrough, one for each of said- components, dis 
posed in spaced relation to each other around the cen 
ter of a circle, said holes being located below said level 
of said medium, said second wall having a hole there 
through approximately equal but greater in-tsize than 
the periphery of said strand and said hole being located 
below said level'of said medium, at least one stranding 
die in said tank between said plate and said-hole ,for re 
ceiving said components and guiding them as they are 
stranded at said die, said die being located below. said 
level of said medium, a tube connected at one end to 
said hole and located exteriorly of said tank for receiv 
ing and guiding said strand as it leaves said tank, said 
tube having an internal size approximately. equal to but 
greater in size than the periphery of said strand for 
smoothing and shaping the medium on said strand, and 
means for cooling said tube to a temperature below 
said dropping point temperature. . , - , . 

5. Apparatus as set forth, in claim .4, wherein said size 
of said tube is greaterv than said size of said strandv'by 
a maximum of two millimeters. _ . , _. I, ‘a 

6. Apparatus as set forth in claim 4,.whereinl said 
plate portion is mounted for rotation around an axis at 
said center of said circle. I . 

7. Apparatus as set forth in claim 4, further compris 
ing a container at said ?rst wall‘ and exterior to said 
tank for receiving such portion of said medium which 
flows out of said tank through said holes in said plate 
portion, and means for discharging said portion from 
said container. - 

a * * * * 


