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25 Claims. 

This invention relates to continuous vulcaniz 
ing methods and apparatus, and more particu 
larly to methods of and apparatus for vulcan 
izing coverings of vulcanizable material upon 
continuously advancing conductors. 

In the manufacture of insulated filamentary 
articles, such as insulated and jacketed conduc 
tors and cables, a core having an outer covering 
of vulcanizable compound therearound is ad 
Vanced through an elongated vulcanizing tube 
containing a high pressure, high temperature vuln 
canizing medium, Such as high pressure steam, to 
vulcanize the covering on the core. Frequently 
the core may include a layer of textile material, 
such as a cotton serving, or a braided or knitted 
cotton covering. In that case, the Vulcanization 
of the outer covering often develops high inter 
nal pressure in entrapped air and moisture. With 
in the textile layer, which must be reduced ma 
terially before the core emerges into the atmos 
phere: in Order to prevent blistering of the resulti 
ing Vulcanized covering. 
This is generally accomplished by passing a 

() 

(C. 18-6) 
2 

through Which a continuously advancing Core 
having a Vulcanizable covering thereon may be 
passed, means for supplying a high temperature, 
high pressure fluid to a gortion of the tube first 
encountered by the core to vulcanize the cover 
ing thereon, means for supplying a low tempera 
ture fluid to a portion of the tube subsequently 
encountered by the advancing core to cool the 
Vulcanized covering to reduce the temperature 
of the vulcanized covering as it emerges from the 
Vulcanizing fluid, and means for controlling the 
relative pressures of the fluids in accordance with 
temperature differentials existing between spaced 
points in the tube. So as to continuously maintain 

15 the pressure of the cooling fluid and the vulcan 
izing fluid substantially in equilibrium at all 
times. - 

A complete understanding of the invention may 
be obtained from the following detailed descrip 

20 tion of an apparatus forming a specific embodin 

core and its vulcanized covering directly into a 
cooling tube Supplied With a low temperature 
cooling medium, Such as cold Water, at high preS 
sure for the purpose of cooling the covering un 
til the internal pressures within the covering 
have been reduced to values such that there is 
no danger of the cover blistering when it emerges 
into the atmosphere. Warious devices have been 
proposed for use at the junction point of the 
vulcanizing tube and the cooling tube to main 
tain the escape of the Vulcanizing. medium from 
the vulcanizing tube at a minimum because ex 

izing medium into the cooling tube raises, the 
temperature of the cooling medium and thereby 
impairs, the efficiency of the cooling medium. 
Also, it is desirable to minimize loss of heat from 
the vulcanizing medium. To hold the leakage of 
the vulcanizing medium to a minimum, the preS 
sure of the cooling medium must be maintained 
substantially, equal to the pressure of the Vulcan-, 
izing medium at all times. 
An object of the invention is to provide new 

and improved continuous vulcanizing methods 
and apparatus. 
A further object of the invention is to provide 

new and improved vulcanizing methods and ap 
paratus employing a vulcanizing tube-and a cool 
ing tube, and new and effective methods and 
means for regulating the pressure of the water 
in the cooling tube in accordance with fictu 
ations. in the pressure of a Vulcanizing; medium 
in the Vulcanizing: tube. 
An apparatus embodying certain features of 

the invention, by means of which methods em 
bodying certain features of the invention may 
be practiced, comprises, an elongated tube 

ment thereof, when read in conjunction with the 
appended, drawings, in which 

Fig. 1, a perspective view of a portion of an 
apparatus, Which may be used for Vulcanizing in 

25 Sulating coverings on continuously advancing 
filamentary cores in accordance with One embodi 
ment of the invention; - 

Fig. 2 is a perspective view showing a continua 
tion of the apparatus shown in Fig. 1 extending. 

30 from the left-hand end thereof; 
Fig. 3 is an enlarged, fragmentary vertical sec 

tional view of a portion of the apparatus shown 
in Fig. 2; ..". 

Fig. 4 is an enlarged, fragmentary, vertical sec 
35 tional view taken along line 4-4 of the Fig. 3, cessive leakage of the high temperature Vulcan and 

Fig. 5 is a schematic diagram of an electronic 
controller forming a portion of the apparatus. 

Referring now in detail to the drawings, and 
40 more particularly to Fig. 1, there is shown a fila 

mentary conductor - being withdrawn from a 
rotatably mounted Supply reel if and around a 
guide pulley 2 by a motor driven capstan 5, 
which is turning at a constant rate of speed in 

45 a counter-clockwise direction. The conductor 0 

50 

passes around the capstain ?5 and then through 
an extruding head: 6-forming part of an extrud 
er i, which extrudes a vulcanizable: covering 
around the conductor to form a covered conduc 
tor indicated by theriumeral. 20. 
Upon leaving the extruding head 6, the coy 

ered conductor 2) passes into an elongated vul 
canizing tube indicated generally at 22, which 

55 consists of a steam tube 23, a tubular jacket 24 
Surrounding the tube 23, and an insulating jacket 
25 surrounding the jacket 24. High pressure, 
high temperature steam is admitted to the steam 
tube 23 by a pipe 26 whereby the entire tube 23 

) is filled with high pressure steam. Steam is also 
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admitted to the jacket 24 surrounding the tube 23 
to heat the steam tube 23. 
The Vulcanizing tube 22 (Fig. 1) is joined to 

the extruding head 6 in a suitable manner and 
continues therefrom through a housing encloS-. 
ing a high voltage sparktester 27 (Fig. 1) and 
through a housing enclosing an air wiper 28 to 
an elongated enclosure 30. The covered con 
ductor passes through the elongated Vulcaniz 
ing tube 22 and upon emerging therefrom passes 
directly through a mixing tube 3, a splice box 
32, a cooling tube indicated generally at 33 and 
a pressure reducing nozzle 34 into the atmos 
phere. Low temperature water, under high pres 
Sure is admitted to the Cooling tube 33 by means 
of a pipe 35 for the purpose of cooling the Wul 
canized covering of the covered conductor 20 
and substantially Sealing the steam in the Vul 
canizing tube. Upon leaving the nozzle 34, the 
conductor 20 passes around an idler pulley 36 
and travels along a V-shaped through 40 to 
which a continuous stream of cold Water is Sup 
plied by the pipe 4. A pipe 42 is connected to 
the trough 40 adjacent to the air wiper 28 to 
drain the water from the trough. 
The conductor 20 passes from the trough 40 

through the air wiper 28, which removes the 
moisture from the Vulcanized covering, and then 
travels along a V-shaped trough 45 to the Spark 
tester 2 where the Vulcanized covering is sub 
jected to a high voltage testing operation. The 
conductor then passes over an idler pulley 46, 
which guides the conductor 20 to a capstain 50 
turning at a constant rate of Speed in a clock 
wise direction. The conductor 2) paSSes around 
the capstan 50 and then over a pulley 5 mount 
ed on a distributing apparatus, indicated gener 
ally at 52, which is driven by a motor 53. The 
distributing apparatus 52, including the pulley 
5, distributes the conductor 20 evenly on one or 
the other of motor driven take-up reels 55-55. 
The take-up reels 55-55 are provided for the 

purpose of permitting continuous reeling of the 
covered conductor 20. A second supply reel 57 
containing a conductor identical with the con 
ductor 10, and a second guide pulley 58 are pro 
vided for the purpose of maintaining a Supply of 
filamentary conductor, which will permit a Sub 
stantially continuous extruding and vulcanizing 
proceSS. 
The covering on the conductor 20, in passing 

through the steam tube 23 of the Vulcanizing 
tube 22, is subjected to Sufficient heat and pres 
sure by the steam therein to Vulcanize the cover 
ing. However, if a textile covering is present : 
beneath the vulcanized covering, undesirable 
high internal pressures may be developed in air 
and moisture entrapped within the textile cover 
ing. In order to prevent these high internal 
pressures from blistering the Vulcanized covering 
when the conductor emerges into the atmos 
phere, the conductor 20 passes directly from the 
steam tube, through the cooling tube 33 filled 
with low temperature Water under pressure, 
which serves to cool the covering while keeping 
the covering under pressure, and thereby reduces 
the internal pressures within the coverings to 
values such that there is no danger of the cover 
ing blistering when the covered conductor 
merges into the atmosphere. 
While the pressure of the water in the cooling 

tube 33 must be maintained at a pressure equal at 
least to the pressures of the entrapped air and 
moisture within the covering to prevent it from 
blistering as the conductor passes therethrough, 

3. 
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4. 
it is also expedient that it be maintained at a 
pressure substantially equal to the pressure of the 
steam in the vulcanizing tube at all times.in order 
to prevent excessive escape of steam from the 
splice box into the cooling tube or water from the 
cooling tube into the splice box. Excessive leak 
age of steam into the cooling tube results in rais 
ing the temperature of the cooling Water above 
its most effective operating temperature and in 
loss of high pressure steam, whereas excessive 
leakage of water into the vulcanizing tube re 
duces the vulcanizing efficiency of the apparatus. 
Under normal operating conditions of balanced 

steam and water pressure, it is desirable that the 
junction point of the steam in the vulcanizing 
tube 22 and the water from the cooling tube 33 
in the mixing tube 3 occur at the broken line 'A' 
(Fig. 3). By arranging the junction in the mixing 
tube, the normal condensate forming thereat may 
be drained therefrom before it can seriously affect 
the vulcanization or cooling of the Vulcanized 
covering of the advancing conductor 20. Since 
the steam admitted to the steam tube 23 is Sub 
ject to substantial fluctuations in preSSure Over 
sustained periods of operation, it is necessary 
to regulate the pressure of the water in the cool 
ing tube continuously so as to keep it Substan 
tially equal to the pressure of the steam in the 
vulcanizing tube at all times in Order to hold the 
junction point at the 'A' position and to obtain 
proper vulcanization and cooling af the cover 

2. 
To maintain this balance between the Water 

and the steam pressures at all times, an elec 
tronic controller, indicated generally at 60 (Figs. 
2 and 3), which is electrically connected to re 
sistance bulbs 6 and 62 spacedly positioned in 
the mixing tube 3 so as to straddle the normal 
junction point position "A,' is provided for the 
purpose of controlling the pressure of the water 
in the cooling tube 33, with respect to the tem 
perature differential existing between the ten 
perature bulbs positioned in the mixing tube. 
When the junction point is at the 'A' position 

in the mixing tube 3, a condensate is continu 
ously forming thereat composed of relatively hot 
water and low temperature steam, which sur 
rounds the bulb 62. In this case, a definite tem 
perature differential exists between the bulbs 6 
and 62, which bears a definite relationship to the 
pressure and temperature of the steam in the 
vulcanizing tube. The temperature of the Water 
and steam condensate adjacent to the junction 
point depends on the temperature of the Steam, 
which, in turn, is determined by the pressure of 
the steam in contact with the water in the vul 
canizing tube. Sudden increases in the pressure 
of the steam in the Vulcanizing tube will cause 
the junction point to move to the left toward the 
resistance bulb 62, whereas Sudden decreases in 
the pressure of the steam will cause the junction 
point to move to the right toward the resistance 
bulb 6. Such movements of the junction point 
result in variations in the heating effect of the 
steam on the water adjacent to the junction point 
and thereby causes corresponding variations in 
the temperature differential existing between the 
resistance bulbs. The controller 60, in response 
to the changes occurring in the temperature 
differential between the bulbs 6 and 62, con 
stantly regulates the admission of Water to the 
cooling tube and the discharge of the condensate 
from the mixing tube so as to maintain the pres 
sure of the water substantially equal to the pres 
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sure of the steam, and keep the junction point 
at position "A" in the mixing tube. 
The temperature controller 66 is shown sche 

matically in Fig. 5, and includes a sensitive 
Wheatstone bridge circuit 63 in which the resist 
ance bulbs 6 and 62 mounted in the mixing tube 
are connected, and an electronic circuit indi cated generally at 64 for amplifying any unbal 
ance potential occurring across the bridge cir 
cuit. The amplified potential is utilized to actu 
ate a solenoid 65, which rotates a variable capa 
citor 66 to rebalance the bridge circuit and in so 
doing actuates an air bleeder valve 6 of the 
controller to vary the output air pressure there 
of. The output in pressure of the valve 67 is used for controlling an air-operated valve regulating 
the pressure of the water admitted to the cooling 
tube 32. Each temperature differential existing 
between the resistance bulbs 61 and 62 results in 
a different balance of tie bridge circuit and a corresponding operating position of the air 
bleeder valve '67. The solenoid 65 also actuates a pen 68, which records the change occurring in 
the steam pressure on a chart 69. 
one type of such a controller is manufactured 

by the Foxboro Company, Foxboro, Mass., and is 
described in detail in their booklet No. 644 en 
titled “Temperature Controller" on pages 1 and 
2, identified as 16-300 and dated February, 1945; 
pages 1 and 2, identified as 11-449 and dated Feb 
ruary, 1947; pages 1 and 2, identified as 16-300 
and dated May, 1947; pages 1 and 2, identified as 
13-150 and dated February, 1947; pages 1 and 2, 
identified as 11-452 and dated October, 1946; 
pages 1 and 2, identified as 11-460 and dated : 
October, 1946; pages 1 and 2, identified as 11-461 
and dated April, 1946; and pages 1, 2, and 8, 
identified as 11-462, and dated July, 1947. In 
view of the description contained in the above 
mentioned booklet, a detailed description of the 
construction and operation of the controller 68 is unnecessary. 

Referring now to Fig. 3 of the drawings, it will 
be noted that the mixing tube 3 comprises a 
tubular body 10, which is suitably connected So 
that the ends thereof communicate with the cor 
responding ends of the steam tube 23 and the 
splice box 32. The left end of the splice box 32 
is connected so as to communicate with a tubular 
body T forming part of the cooling tube 33. The 
body has an elongated baffled tube 73 centrally 
positioned in the right end thereof through which 
the conductor 20 passes in traveling from the 
splice box 32 into the tubular body of the cool 
ing tube. . . 
The purpose of the baffled tube 3 is to prevent 

sudden increases in the pressure of the steam in 
the vulcanizing tube from causing the steam to 
surge through the splice box and into the cooling 
tube 33 and force a substantial amount of Water 
therefrom through the nozzie 34, and also to 
prevent the water in the cooling tube from Surg 
ing into the splice box and vulcanizing tube upon 

- substantial decreases in the pressure of the 
steam in the vulcanizing tube. The construction 
and operation of the seal are described Specifi 
cally and claimed in my copending application 
Serial No. 17,916, filed March 30, 1948. Hence, a 
more detailed description thereof is not neces 
sary herein. 
The cooling tube 33 consists of the tubular body 

Tand an elongated tubular member 72. The tu 
bular member 72 is connected so as to communi 
eate with the tubular body and is substantially 
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The nozzle 34 is removably connected to the left 
end of the member 72 so as to communicate with the cooling tube 33. 
A gland 86 is threadedly mounted in a central 

bore 87 provided in the left end of the body Ti to 
seal the exit end of the cooling tube except for a 
central aperture through which the conductor 20 
passes as it travels from the cooling tube into the 
member 2. - - 

The nozzle 34 secured on the exit end of the 
tubular member 72 of the cooling tube 33-consists 
of a tubular member 9 having a plurality of an 
nular baffles 94-94 positioned therein between 
tubular spacers. 95-95. The annular baffles 
94-S4 are provided with the central apertuires 
through which the conductor 20 passes as it 
travels through the nozzle 34 and emerges into 
the atmosphere. The provision of the annulai 
baffles S 3-94 (Fig. 3) in the nozzle 34 permits 
the water in the cooling tube 33 to escape there 
from at a low rate of flow into the closure 30 and 
at the same time gradually reduces the pressure 
of the escaping water to that of the atmosphere. 
The nozzle 34 permits a continuous circulation of 
the cooling water from the pipe 35 through the 
entire length of the cooling tube, whereby the 
cooling water in the tube may be maintained at 
its most effective operating temperature. r 
cooling water is discharged from the end 
nozzle 34 into the closure 30 and is drained from 
the closure 39 by a pipe 97 leading to a large drain 
98, which drain may return the water to a suit 
able water cooling system (not shown) so that it 
may be recirculated through the cooling tube 33. 
The resistance bulb 62 (Figs. 3 and 4) is posi 

tioned adjacent to the left end of the mixing tube 
3 so that when the junction point of the water 
and steam assumes position 'A' in the mixing 
tube, the sensitive portion of the bulb is immersed 
in Water the temperature of which has been raised 
substantially as a result of its contact with the 
steam from the vulcanizing tube. The resistance 
bulb 5 is positioned adjacent to the right end 
of the mixing tube'3? so that when the junction 

5 point assumes the “A” position in the mixing 
tube, the sensitive portion of the bulb 6 f is sur 
rounded by the steam adjacent to the junction 
point the temperature of which has been lowered 
by contact with the water. The resistance bulbs 
6 and $2 are identical in construction, and have 
electrical characteristics which suit the teipera 
ture differential most likely to occur during the 
operation of the apparatus, hence only the re 
sistance bulbst will be described in detail. 
A terminal head foo (Fig. 4) is provided on the 

external end of the resistance bulb 6 by means 
of which the bulb is electrically connected to the 
controller 6). The terminal head feo is secured to a threaded body portion foil which threadedly 
engages a boss fe2 provided on the mixing tube. 
A thin shell C5 is secured to the threaded body 
i Oi and has the opposite end thereof sealed so 
as to completely enclose a sensitive resistance 
element 86 (Fig. 5) positioned therein. 
Low temperature water, under a pressure sub 

stantially higher than the maximum pressure 
which may be reached by the steam in the vul 
canizing tube 22 is conducted from a suitable supply source by a supply pipe to (Fig. 3) to a 
valve arranged to be actuated by an air dia 
phragm 12. The air diaphragm 12 receives air 
under constant pressure from an air supply pipe 
i3 which actuates the diaphragm if 2 and sets 

the opening of the valve so as to produce reduced in diameter as compared to the body 71. 75 a constant water pressure in the pipe 6, which 
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pressure is still above the maximum pressure of 
the steam in the vulcanizing tube. 
The pipe if 5 conducts the water from the valve 

to a reducing valve 6 arranged to be actu 
ated by an air diaphragm which receives 
air under a pressure controlled by the valve 67 
of the controller 6C through a pipe 8 connect 
ed to the valve 6 by a pipe (20. The valve 6 
is connected to the cooling tube 33 by the pipe 
35, whereby the water emerging from the pipe 

5, after being subjected to a further reduc 
tion in pressure determined by the opening of 
the valve 6, then is conducted to the cooling 
tube. Air is supplied to the controller 60 from 
the supply pipe 3 through a filter dripwell 2 
and a pipe 22. 
A pipe 23 is connected to the bottom of the 

body 70 of the mixing tube 3 to drain the con 
densate which forms therein at the normal junc 
tion point of the water and steam, to a valve f2l 
arranged to be actuated by an air diaphragm 
128. The air diaphragm 28 receives air from 
the supply pipe 20, in which the air is at a pres 
sure regulated by the valve 67 of the controller 
60. This regulated air pressure from the con 
troller 60 actuates the air diaphragm 28 and sets 
the opening of the valve 27 so as to release the 
condensate from the mixing tube 3 at a rate 
determined by the temperature and pressure of 
the steam in the vulcanizing tube. The hot wa 
ter emerging from the valve 27 flows into a pipe 
30 connected with the drain 98. 
A Water pressure gauge 32 is mounted adja 

cent to the controller 60 for indicating the pres 
sure of the water in the supply line 35 and the 
cooling tube 33. Another pressure gauge 33 is 
positioned adjacent to the controller 60 for indi 
cating the pressure of steam in the steam tube 
23 of the vulcanizing tube 22. 

Operation 

Let it be assumed that the conductor C has 
been threaded through the apparatus from the 
supply reel to one of the take-up reels 55-55, 
that the vulcanizing tube 22 is filled with high . 
pressure, high temperature steam from the pipe 
26, that the cooling tube 33 is filled with low tem 
perature water under high pressure from the pipe 
35, and that the valves f is and f2 have been 
so adjusted that the pressure of the water in the 
cooling tube is substantially equal to the pres 

O 

15 

25 

30 

35 

40 

sure of the steam in the vulcanizing tube and the 
splice box. The steam is first admitted to the 
vulcanizing tube and then the water is admitted 
to the cooling tube 33 through the valve 6, 
which is controlled initially by manual controls 
(not shown) provided on the controller 60. The 
manual controls are adjusted until the output 
air pressure of the valve 67 of the controller 
which is directed to the diaphragm ill of the 
control valve 6 is sufficient to effect a valve 
opening which regulates the pressure of the Wa 
ter as indicated by the gauge 32, to a value Sub 
stantially equal to the pressure of the steam as 
indicated by the gauge 33. 

In establishing the balanced pressure relation 
ship between the water and the steam manually, 
the junction point thereof may occur at any point 
within the mixing tube 3f, in which case, when 
the controller 60 is switched to automatic opera 
tion, the temperature differential between the 
bulbs 6 and 62 will cause the controller 60 to 
effect regulations of the valves f 6 and 27 that 
will restore the junction point to position "A' in 

60 

8 
ity, let it be assumed that when the steam and 
Water are first admitted to the Vulcanizing tube 
and cooling tube, respectively, and the pressures 
of the water and the steam are Substantially bal 
anced, the junction point of the water and the 
steam assumes the 'A' position in the mixing 
tube. With the junction point So positioned, a 
temperature differential determined by the pres 
sure and temperature of the steam exists between 
the bulbs 6 and 62. The controller 60 is switched 
to automatic operation, whereupon the tempera 
ture differential between the bulbs instantly pro 
duces an unbalance potential across the bridge 
circuit 35. This unbalance potential is amplified 
by the electronic circuit 64 and is utilized to effect 
a balanced adjustment of the bridge circuit 63 in 
accordance therewith, and in so doing regulates 
the valve 67 so that air pressure on the diaphragm 

7 of the valve 6 maintains the Water pres 
sure substantially equal to the steam pressure. 
At the same time, the condensate constantly 

forming at the junction point is drained from the 
mixing tube 3 through the valve 27 at a rate 
determined by the output air pressure of the 
valve 67 of the controller 60 in response to the 
temperature differential between the bulbs 6 and 
62 which straddle the junction joint of the water 
and steam. The rate of formation of the conden 
sate at the junction point depends upon the pres 
sure and temperatures of the steam and water at 
the junction point, and therefore its rate of dis 
charge from the mixing tube must be adjustable 
in order to meet the conditions set up by the fluc 
tuating stem pressure at all times. When Steam 
and water have been so regulated by the con 
troller 60, the capstains 50 and 50 are placed in 
operation to draw the conductor 20 through the 
apparatus, in which case, the covered conductor 
20 emerges from the extruding head 6 of the 
extruder T and passes through the vulcanizing 
tube 22 wherein the covering is subjected to heat 
and pressure sufficient to vulcanize the covering. 
The conductor and the vulcanized covering then 
pass through the cooling tube 33 filled with low 
temperature water under pressure to cool the vul 
canized covering, after which the conductor 20 
passes through the nozzle 34, around the sheave 
36, through the air wiper 28 and the sparktesting 
apparatus 27 to the capstan 50, and around the 
capstan 50 to one of the take-up reels 55-55. 

Since the apparatus operates with the pressure 
of the steam and the water substantially in equi 
librium and with the junction point at position 
'A' in the mixing tube, there is a minimum leak 
age of the hot water from the splice box through 
the tube T3 as the covered conductor passes 
through the tube. The heating effect of the es 
caping hot water and of the vulcanized covering 
of the conductor 20 on the water in the cooling 
tube 33 is maintained Within Safe limits by the 
circulation of the cooling water through the 
cooling tube, and the water in the cooling tube is 
thereby maintained at its most effective operating 
temperature. Under these operating conditions, 
the high internal pressures developed within the 
vulcanized covering during the vulcanization 
thereof are reduced by the cooling water under 
pressure to values such that blistering of the cov 
ering on the conductor will not occur as it passes 
through the cooling tube 33 and emerges from 
the nozzle 34 into the atmosphere. 

Let it be assumed that a sudden increase occurs 
in the pressure of the steam in the vulcanizing 
tube 22. This increase in the pressure of the 

the mixing tube. However, for the sake of clar- 75 steam starts the junction point of the water and 
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steam. slowly moving to the left in the mixing 
tube toward the resistance bulb 62 which in turn 
increases the rate of leakage of the hot Water 
through the tube 3 into the cooling tube 33. This 
increased leakage of the hot water through the 
tube 73, raises the temperature of the cooling 
water, and if this condition were allowed to pre 
vail for a prolonged period of time, the cooling 
effect of the water would be substantially im 
paired. As a result, the Vulcanized covering 
would not be cooled Sufficiently to reduce the high 
internal pressures entrapped therein to safe 
values in passing through the cooling tube. As 
a result, when the covered conductor emerges 
into the atmosphere, blistering of the covering is 
likely to occur. The movement of the junction 
point toward the left, places the bulbs 6 and 62 
no longer astride the junction point, in which 
case, the bulb 62 is surrounded by higher tem 
perature condensate adjacent to the junction 
point, while the bulb 6 is surrounded by steam 
of higher temperature. The tenperature of the 
steam at the junction point also increased with 
the increase in the steam pressure, and as a re 
sult, tends to increase the temperature of the con 
densate surrounding the bulb 62. 
The movement of the junction point plus the 

increased temperature of the Steam result in a 
Substantial decrease in the temperature differen 
tial between the bulbs 6 and 52. The increase in 
temperature of the condensate surrounding the 
bulbs effects a corresponding change in the ohmic 
resistance of the resistance elements 06-06, 
which in turn, unbalances the bridge circuit. 63 
and a potential diffrence exists therea,COSS. This 
unbalance potential is amplified by the electronic 
circuit 64, and the amplified potential is utilized 
by the Solenoid 65, to turn the rotor of the vari 
-able capacitor 68 to a position which brings the 
bridge circuit 63 into balance. In so doing, the 
Solenoid also actuates the air valves of the con 
troller So as to increase its output pressure which 
in turn is directed to the diaphragms and 23 
of the valvest 6 and 21, respectively, and effects 
:a greater valve opening in each case, which re 
SultS in an increased rate of flow of cooling Water 
to the tube 33 and an increased rate of flow of the 
condensate from the mixing tube 3 to the drain 
pipe 98. 
The increased opening of the valve 8 also 

effects an increase in the pressure of the Water in 
the cooling tube and mixing tube and this in 
creased water pressure, together with the in 
creased rate of discharge of the condensate 
through the valve 27 checks further movement 
:of the junction point caused by the increased 
steam pressure in the vulcanizing tube. 
Since the resistance bulbs 6 and -62 no longer 

straddle the junction point of the water and the 
'steam, the decrease in the temperature differ. 
ential therebetween is sufficient to cause the con 
troller 6 to regulate the valve So as to in 
crease the pressure of the water slightly above 
that of the steam. The increased water pres 
Sure, plus the increased rate of discharge of the 
condensate through the valve 2, causes the 
iunction point to nove back toward position 'A' 
-in the mixing tube 3. As the junction point 
moves to the right to its normal 'A' position, 
the temperature differential between the bulbs. 
6 and 62 is constantly increasing because the 
bulbs are again Substantially astride the junction 
point, in which case the bulb 62 is surrounded 
inainly by hot Water condensate, and the bulb 

10 
ture steam. The controller 60, which constantly 
Seeks to balance the bridge circuit 63 in response 
to this constantly increasing temperature differ 
ential between the bulbs 6f and 62, continuously 

5 effects a corresponding regulation of the valves 
'6 and 2, which gradually reduces the valve 
Opening in each case, whereby the movement 
of the junction point becomes slower and slower 
as it approaches its mid-position between the 
bulbs. 
When the junction point finally is restored to 

the “A” position in the mixing tube, the final 
temperature differential between the bulbs is 
slightly less in value than that which existed 
therebetween before the steam pressure increased 
due to the fact that the temperature of the 
Steam increased in accordance with the 
increase in the steam pressure, and in turn, in 
creases the temperature of the condensate. This 
decreased operating temperature differential of 
the -condensate, effects a corresponding regula 
tion of the valves d6 and 27 so as to keep the 
water pressure Substantially equal to the steam 
preSSure, and also increases the rate of flow of 
the Water through the cooling tube, which serves 
to maintain the temperature thereof with safe 
Operating limits. As a result, the controller 60 
maintains the pressure of the water and the 
Steam in Substantial equilibrium, in which case 
the apparatus continues to operate under the in 
creased steam pressure, and the cooling water 
effectively reduces the internal pressures within 
the Vulcanized covering to values such that there 
is no danger of blistering as the conductor passes 
through the -cooling water or emerges from the 
nozzle 34 into the atmosphere. 
Should a sudden decrease in the pressure of 

the steam occur, it would result in the apparatus 
Operating momentarily with the pressure of the 
water in the cooling tube substantially exceeding 
the pressure of the steam of the vulcanizing tube. 
Under Such circumstances, the cooling water 
forces its Way through the tube 73 and enters the 
Splice box 32 and the mixing tube 3d, whereupon 

45 the junction point of the water and steam starts 
moving slowly toward the right end of the mixing 
tube, that is, toward the resistance bulb 6 (Fig. 
3). Since the water pressure exceeds the steam 
preSSure, there is no leakage of hot water from 
the mixing tube into the cooling tube and, there 
fore the heating effect normally caused by such 
leakage is not present in the cooling tube. The 
absence of this heating effect on the water in the 
cooling tube 32 allows the entire body of water 
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-5 to reach a lower temperature as the water cir 
culates through the cooling tube. While the cool 
ing effect of the water is not impaired by the 
reduction in the pressure of the steam, if this 
condition were allowed to prevail for a prolonged 
period, the water would eventually penetrate a 
Substantial distance into the vulcanizing tube 
and night prevent proper Vulcanization of the 
covering of the conductor 20. 
As the junction point moves toward the right, 

'end of the mixing tube 3, the bulb 62 becomes 
Surrounded with water having a lower tempera 
ture and the bulb 6 now is surrounded by the 
hot water condensate, in which case, a con 
stantly increasing temperature, differential exists 
between the bulbs. While the temperature dif 
ferential between the bulbs is constantly increas 
ing, the actual temperature of each resistance 
element 6 thereof is decreasing, which effects 
a corresponding decrease in the ohmic resistance 

65 

-6 is again surrounded mainly by low tempera-gi of each resistance element. This decrease in the 
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ohmic resistance of the elements 06-06 un 
balances the bridge circuit 63 of the controller 
60 and produces an unbalance potential there 
across. The polarity of the unbalance potential pro 
duced by such a change in the temperature dif 
ferential between the bulbs is such that when it 
is amplified by the electronic circuit 64 and ap 
plied to the Solenoid 65, it causes the Solenoid to 
turn the rotor of the variable capacitor 65 in a. 
counter-clockwise direction to a position which 
brings the bridge circuit into balance in accord 
ance with the temperature differential responsi 
ble for Such movement. 
This movement of the Solenoid 65 also actuates 

the air valve 67 of the controller 60 So as to re 
duce the output pressure thereof which in turn, 
results in a corresponding reduced air preSSure on 
the diaphragms 7 and 28 which actuate the 
valves 6 and 27, respectively. This reduced aii 
pressure on the diaphragms of the valves effects a 
corresponding decrease in the opening of each 
valve which reduces the rate at which the cool 
ing water is admitted to the cooling tube and 
consequently, the pressure of the Water in the 
cooling tube, and the rate of discharge of the con 
densate from the mixing tube. When this reduc 
tion of the pressure of the water in the cooling 
tube occurs, further movement of the junction 
point is prevented, but since the junction point 
is not positioned equidistant between the bulbs 
6 and 62, there still exists a substantially de 
creased temperature differential between the 
bulbs. 

This temperature differential initially effects 
such a regulation of the valves 6 and 28 that 
the pressure of the steam slightly exceeds the Wa 
ter pressure, in which case, the junction point 
moves slowly toward position 'A' in the mixing 
tube. As the junction point moves back to its 
normal or 'A' position, the temperature differen 
tial constantly is increasing to its normal value, 
and the controller 60, in response thereto, Con 
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tinuously effects a regulation of the valves 6 
and 27 in accordance with the increasing ten 
perature differential. The controller 60 continues 
to respond to the changing temperature differ 
ential until the junction point is restored to posi 
tion 'A' in the mixing tube. 
When the junction point again assumes the 

'A' position, the temperature differential be 
tween the bulbs is now slightly less than the dif 
ferential that existed prior to the decrease in 
steam temperature, due to the drop in the tem 
perature of the steam. However, the controller 
60, in response to this new temperature differen 
tial, regulates the opening of the valve 6 so 
as to maintain the pressure of the Water Sub 
stantially equal to the new steam pressure which 
in turn, maintains the junction point midway be 
tween the bulbs 6 and 62. The controller 60 
continues to control the pressure of the water in 
the cooling tube in this manner So that there is 
always present only a minimum leakage of hot 
water from the mixing tube through the tube 3 
into the cooling tube 33, and in turn, regulates 
the flow of the water through the cooling tube 
at a rate sufficient to maintain the temperature 
of the cooling Water at its most effective Operating 
temperature. 
To maintain Such a control of the Water pres 

Sure with respect to the steam pressure, the con 
troller and the valves 6 and 27 are adjusted 
so that, for a given steam pressure and corre 
sponding temperature differential between the 
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receive the resistance bulbs 6i 

2 
bulbs 6 and 62, the pressure of the water in the 
cooling tube is maintained slightly under the 
pressure of the steam in the vulcanizing tube 
So that there is always present a normal, but 
Small, leakage of hot water into the cooling tube. 
It is preferable to have the leakage occur from 
the mixing tube to the cooling tube, rather than 
the reverse condition, because the amount of 
Steam condensed under this condition is at a min 
imum, and hence, the steam consumption of the 
apparatus is accurately regulated so as to main 
tain a high degree of efficiency in the operation 
of the apparatus. 

In operating continuous vulcanizing apparatus 
like that described hereinabove, it has been 
found that a steam pressure of at least 150 
pounds per Square inch in the vulcanizing tube 
will vulcanize satisfactorily the covering on the 
conductor advancing therethrough. Under cer 
tain operating conditions established by the size 
of the conductor and the rate at which it travels 
through the Vulcanizing tube, it has been found 
that a vulcanizing tube approximately 200 feet 
long having steam therein under a pressure of 
250 pounds per square inch will prove satisfac 
tory. With such a steam pressure, the water in 
the supply line is maintained at a pressure of 
270 pounds per Square inch to allow for fiuctua 
tions in the steam pressure. The valve 6, in 
response to the controller 65), reduces the pressure 
of the Water admitted to the cooling tube so that 
it is substantially equal to the pressure of the 
Steam at all times. Under these conditions, it has 
been found that, when the cooling tube 33 is 
approximately sixteen feet long and the nozzle 
34 is approximately three feet long, the apparatus 
Will Cool the covering and reduce the internal 
pressures therein so that danger of the cover 
ing blistering after it has passed through the 
cooling tube is prevented. When the Steam is 
approximately at 250 pounds pressure in the vul 
canizing tube 22, the temperature of the steam 
Surrounding the bulb 6 is approximately 400° F. 
The temperature of the water admitted to the 

5 cooling tube 33 is approximately 38° F., in which 
case, the temperature of the water surrounding 
the bulb 62 is approximately 100 F. under normal 
conditions. Under these conditions, the tempera 
ture differential between the bulbs 6 and 62 
is approximately 300 F. The controller 60, in 
response to this temperature differential, sets the 
valve 6 so as to maintain the pressure of the 
water substantially equal to the pressure of the 
Steam. A change in the Steam pressure effects 
a corresponding change in the temperature dif 
ferential due to the resulting movement of the 
junction point. The controller 60, in response 
to any change in the temperature differential, 
regulates the valve 6 accordingly to effect a 
change in the water pressure commensurate 
With the change in the steam pressure, whereby 
equilibrium is restored between the Water and 
steam pressure. 
The vulcanizing tube 22, the mixing tube 3, 

the Spice box 32, the cooling tube 33 and the 
nozzle 34 have been described as separate ele 
ments for the purpose of simplifying the speci 
fication and for emphasizing the particular func 
tion each element performs in the treatment 
of the insulated conductor 20. The vulcanizing 
tube 22 comprises a plurality of lengths of pipe 
Secured together in tandern to form a Vulcaniz 
ing tube having a predetermined length. The 
mixing tube 3 is a length of pipe designed to 

and 62 which 



2,581,28t 
13 

straddles the normal junction point. Of the steam 
and water. The splice box 32 is interposed be 
tween the exit end of the mixing, tube, and the 
entrance end of the cooling tube to provide a 
closure which may be opened when the conductor 
O. is threaded from the extruding head 6 
through the vulcanizing tubes and cooling tube, 
Since this assembly of these elements provides 
a continuous chamber in which the conductor is 
enclosed from the time, it leaves the extruding 
head f6, until it emerges from the nozzle. 34, the 
entire assembly may be considered as a single 
tube- having a steam-filled portion of Sufficient 
length to vulcanize the covering on the core. 0 
and a water filled portion. of sufficient length 
to cool the covering before it emerges into the 
atmosphere. 
What is claimed is: 
1. An apparatus for the continuous vulcaniza 

tion of a vulcanizable covering surrounding a 
continuously advancing core, which comprises an 
elongated tube through which the core passes 
eontinuously, means for maintaining a high tem 
perature, high pressure vulcanizing fluid in a 
portion of the tube first encountered by the core 
to Vulcanize the covering thereon, means for-Sup 
plying a low temperature cooling fluid under 
pressure to a portion of the tube subsequently 
encountered by the core to cool the Vulcanized 
covering, means for controlling the relative pres 
Sures of the fluids in said portions of the tube, 
means for measuring the temperatures of the 
fluids at predetermined spaced points within the 
tube and means responsive to temperature dif 
ferentials existing between said Spaced points 
as measured by said temperature measuring 
means for regulating the fluid pressure control 
ling means to maintain the pressures of the cool 
ing fluid and the vulcanizing fluid substantially 
equal. 

2. An apparatus for the continuous Vulcaniza 
tion of a vulcanizable covering surrounding a 
continuously advancing core, which comprises an 
elongated tube through Which the covered core 
may pass continuously, means for maintaining 
a high temperature, high pressure vulcanizing 
fluid in a portion of the tube first encountered 
by the advancing core to vulcanize the covering 
thereon, means for supplying a low tempera 
ture cooling fluid under pressure to a portion of & 
the tube subsequently encountered by the core to 
cool the vulcanized covering, a pair of tempera 
ture-sensitive elements positioned at spaced 
points in the tube, and an electronic controller 
arranged to respond to temperature differentials 
existing between the spaced points as measured 
by the temperature-sensitive elements-for-main 
taining the pressures of the cooling fluid and the 
vulcanizing fluid substantially equal. 

3. An apparatus for the continuous vulcaniza 
tion of a Vulcanizable covering Surreunding a 
continuously advancing core, which comprises an 
elongated tube through which the eovered core 
passes continuously, means for Elaintaining high 
temperature, high pressure steam in a portion 
of the tube first encountered by the core- to vul 
canize the covering thereon, means for supplying 
low temperature water under pressure to a por 
tion of the tube Subsequently encountered by 
the core in its path of travel through the tube 
to cool the vulcanized covering, a pair of tem 
perature-sensitive elements positioned at spaced 
points in the tube, and an electronic controller 
arranged to respond to temperature differentials 
existing between the spaced points as measured 
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4. 
by the temperature-sensitive elements: for mains 
taining: the pressure of the cooling water Sub 
stantially equal to the pressure of the steam, 

4. An apparatus for the continuous Vulcanis 
zation of a vulcanizable covering surrounding: a 
continuously advancing core, which comprises 
meaniS for subjecting the covering on the advanc 
ing core: to a high-temperature, high but fiuctuat 
ing pressure vulcanizing fluid to Vulcanize. Said 
covering, means for subjecting the vulcanized 
covering to allow temperature cooling fluid under 
pressure as it emerges from Said vulcanizing 
fluid. to cool, the Vulcanized covering on the core, 
means for controlling the relative pressures of 
the: vulcanizing fluid and the cooling fluid, means 
for measuring the temperatures of the Vulcanize 
ing fluid and the cooling fluid at spaced points 
within the tube, and means responsive to the 
temperature: differentials existing between the 
vulcanizing fluid and the cooling fiuid at, said 
spaced points as measured by said temperature 
measuring means: for continuously regulating the 
pressure controlling: means to maintain the pres 
Sure of the cooling fluid substantially equal to 
the pressure of the vulcanizing fluid. 

5. An apparatus for the continuous. Vulcaniza 
tion of a Vulcanizable: covering Surrounding: a 
continuously advancing conductor, which come 
prises means for subjecting the covering on the 
advancing conductor to a high temperature, high 
but fluctuating pressure vulcanizing fluid to vul 
canize said coverings, said vulcanization of the 
covering developing internal pressures in air and 
moisture entrapped therein, means for Sub 
jecting the vulcanized covering to a high prese 
Sure, low temperature cooling fluid as it 
emerges from Said vulcanizing Enedium to cool 
the covering to reduce the internal pressures en 
trapped therein to: values Such that there is no 
danger of the covering blistering when the con 
ductor emerges from the cooling medium into the 
atmosphere, means.connecting the adjacent ends 
of the Vulcanizing means and the cooling means, 
the vulcanizing fluid and the cooling fluid, con 

3 tacting each other with their junction point nor 
mally positioned: at a predetermined point with 
in said connecting means, and means including 
an electronic controller responsive to the tem 
perature differential existing between the vul 
eanizing fluid and the cooling fluid at points ad 
jacent to... the normal junction point thereof for 
maintaining the pressure of the cooling fluid sub 
stantially equal to the pressure of the Vulcaniz 
ing fluid at all times. 

6. An apparatus for the continuous vulcaniza 
tion of a Vulcanizable covering Surrounding con 
ductors, Which comprises. In eans for subjecting 
the cevering on the advancing conductor to a 
high temperature, high but fluctuating pressure 
vulcanizing fluid to vulcanize said covering, said 
vulcanization of the covering developing unde 
sirable high internal pressures in air and moisture 
entrapped therein, means for subjecting the vul 
canized covering to a high pressure, low-tempera 
ture cooling fluid as it emerges from said vul 
canizing fluid to cool the covering and reduce 
the internal pressures entrapped therein to values 
such that there is no danger of the covering blis 
tering when the conductor emerges from the cool 
ing fluid into the atmosphere, means connecting 
the adjacent ends of the vulcanizing means and 
the cooling raeans, means associated with the 
cooling means-through which the conductor pass 
es for preventing excessive, escape of the mixed 
fitidsforming at the junction point thereof from 
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the connecting fluid into the cooling means, the 
vulcanizing fluid and the cooling fluid contacting 
each other with their junction point normally 
positioned at a predetermined point in the con 
necting means, and means including an elec 
tronic controller arranged to be responsive to 
temperature differentials existing between the 
vulcanizing fluid and the cooling fluid at points 
adjacent to the normal junction point, thereof 
for maintaining the pressure of the cooling fluid 
Substantially equal to the pressure of the vul 
canizing fluid at all times. 

7. An apparatus for the continuous vulcani 
zation of a vulcanizable covering surrounding 
conductors, which comprises means for subject 
ing the covering on the advancing, conductor to 
a high temperature, high but fluctuating pressure 
Vulcanizing fluid to vulcanize said covering, said 
vulcanization of the covering developing unde 
sirable high internal pressures in air and moisture 
entrapped therein, means for subjecting the vul 
Canized covering to a high pressure, low temper 
ature cooling fluid as it emerges from said vul 
canizing medium to cool the covering and reduce 
the internal pressures entrapped therein to values 
Such that there is no danger of the covering blis 
tering as the conductor passes through the cooling 
fluid, fluctuations in the pressure of the vul 
canizing fluid causing corresponding variations in 
the temperature differential between fixed points 
In the fluids, means for selectively controlling 
the relative pressures of the fluids, and means 
including an electronic controller responsive to 
the temperature differentials existing between 
said fixed points for regulating the pressure con 
trolling means to maintain the pressure of the 
Cooling fluid Substantially equal to the pressure 
of the vulcanizing, fluid. 

8. An apparatus for the continuous vulcaniza 
tion of a Vulcanizable compound Surrounding a 
Continuously advancing conductor, which com 
prises means for Subjecting the covering on the 
advancing conductor to a high temperature, high 
but variable pressure vulcanizing fluid to vul 
canize the covering on the conductor passing 
therethrough, means for subjecting the vulcan 
ized covering to a high pressure, low temperature 
Cooling fluid immediately after it emerges from 
the vulcanizing fluid to cool the vulcanized cover 
ing of the conductor, means connecting the ad 
jacent ends of the Vulcanizing means and the 
Cooling means, the Vulcanizing fluid and the cool 
ing fiuid being in contact with their junction 
point normally positioned at a predetermined 
point within the connecting means, adjustable 
means for Conducting the mixture of the Vulcan 
izing fluid and cooling fluid from the junction 
point at a predetermined rate, and means includ 
ing an electronic controller arranged to be re 
sponsive to temperature differentials existing 
between the vulcanizing fluid and the cooling 
fluid at points Spacedly positioned astride the 
normal junction point for simultaneously regul 
lating the relative pressures of the fluids and the 
adjustable means controlling the discharge of 
the mixed fluids from the junction point so as 
to maintain the pressure of the cooling fluid sub 
stantially equal to the pressure of the vulcaniz 
ing fluid at all times. 

9. An apparatus for the continuous vulcaniza 
tion of a vulcanizable covering surrounding a con 
tinuously advancing conductor, which comprises 
an elongated vulcanizing tube through which 
Such a covered conductor may be advanced, 
means for supplying a high temperature, high 
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but fluctuating pressure vulcanizing fluid to the 
Vulcanizing tube to Vulcanize the covering on 
the conductor, a cooling tube through which the 
conductor passes on leaving the vulcanizing tube, 
means for Supplying a cooling fluid under pres 
Sure to the cooling tube adjacent its entrance end 
for cooling the Vulcanized covering emerging 
from the vulcanizing tube, means connecting the 
adjacent ends of the vulcanizing tube and the 
cooling tube, the vulcanizing fluid and the cooling 
fiuid contacting each other to form a junction 
point normally positioned at a predetermined 
point Within the said connecting means, means 
provided in the entrance end of the cooling tube 
through which the conductor passes continuously 
to the cooling tube to prevent excessive escape 
of the Vulcanizing fluid from the said junction 
point into the cooling tube, and means responsive 
to the temperature differential between the vul 
canizing fluid and the cooling fluid at points 
astride the normal junction point thereof for se 
lectively regulating the cooling fluid supply means 
So as to maintain the pressure of the cooling 
fluid substantially equal to the pressure of the 
Vulcanizing fluid at all times. 

10. An apparatus for the continuous vulcani 
Zation of a vulcanizable covering Surrounding a 
continuously advancing conductor, which com 
prises an elongated tube through which the cov 
ered conductor may be advanced, means for sup 
plying a high temperature, high pressure vul 
canizing fluid to the vulcanizing tube to wu 
canize the covering on the conductor passing 
therethrough, an elongated Cooling tube through 
which the conductor passes after leaving the vul 
canizing tube, means for continuously supplying 
a low temperature cooling fluid under pressure 
to the cooling tube to cool the Vulcanized cover 
ing on the conductor, the vulcanizing fluid and 
the cooling fluid being in contact with their 
junction point normally at a predetermined posi 
tion near the exit end of the vulcanizing tube, 
means for measuring the temperatures of the 
fluids at fixed points on opposite sides of their 
normal junction point, fuctuations in the pres 
sures of the fluids causing variations in the 
temperature differential between said fixed 
points, and means responsive to temperature dif 
ferentials between said fixed points as measured 
by the temeprature measuring means for con 
tinuously regulating the pressure of the cooling 
fluid. So that only a minimum leakage of the 
vulcanizing fluid from the junction point into 
the cooling tube occurs, whereby the cooling fluid 
is maintained at its most effective operating tem 
perature. 

11. An apparatus for the continuous vulcani 
Zation of a Vulcanizable covering Surrounding 
conductors, which comprises an elongated vul 
canizing tube through which such a covered con 
ductor may be advanced, means for supplying 
high but variable pressure, high temperature 
steam to the vulcanizing tube, an elongated cool 
ing tube through which the insulated conductor 
passes after it emerges from the Vulcanizing tube, 
a supply of low temperature water at a pressure 
above the maximum pressure of the steam ad 
mitted to the vulcanizing tube, means for con 
tinuously transmitting water from said high pres 
Sure Source to the cooling tube, means provided 
in the water transmitting means for selectively 
controlling the water pressure in the cooling tube, 
a mixing tube connecting the vulcanizing tube 
and the cooling tube, the Water and steam con 
tacting each other to form a junction point nor 
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mally positioned at a predetermined point with 
in the mixing tube, a pair of temperature-sensi 
tive elements positioned in the mixing tube.so 
as to straddle the normal junction point of the 
water and the steam, and an electronic controller 
responsive to the temperature differential exist 
ing between the temperature-sensitive elements 
for regulating the water pressure controlling 
means so as to maintain the water pressure and 
steam pressure substantially in equilibrium and 
thereby maintain minimum penetration of the 
condensate formed at the junction point into the 
cooling tube and vice versa. 

12. An apparatus for the continuous vulcaniza 
tion of a vulcanizable covering surrounding con 
ductors, which comprises an elongated vulcaniz 
ing tube through which the covered conductor 
is advanced, means for supplying high tempera 
ture, high but variable pressure steam to the 
vulcanizing tube for vulicanizing the covering 
on the conductor passing therethrough, a cooling 
tube through which the wire passes after it 
leaves the vulcanizing tube, adjustable means for 
continuously supplying low temperature water 
under pressure to the cooling tube to cool the 
vulcanized covering of the conductor as it passes 
therethrough, the steam and water being in coin 
tact with their junction point normally positioned 
adjacent to the exit end of the vulcanizing tube, 
means positioned at the entrance end of the cool 
ing tube for preventing excessive escape of the 
hot fluids from the junction point into the cool 
ing tube, means positioned at the exit end of 
the cooling tube to gradually reduce the pressure 
of the water escaping from the exit end of the 
cooling tube to that of the atmosphere, a pair 
of resistance bulbs positioned astride the normal 
junction point of the water and the steam, and 
an electronic controller including a sensitive 
Wheatstone bridge circuit arranged to be tem 
porarily unbalanced by a change in the temp 
ture differential existing between the resistance 
bulbs caused by a change in the pressure of the 
steam and to be automatically rebalanced so as 
to suit the changed temperature differential, said 
rebalancing operation of the controller effecting 
a corresponding regulation of the adjustable w 
ter supply means so as to maintain the pres 
of the water substantially equal to the pressure 
of the steam at all times. 

13. An apparatus for the continuous vulcani 
zation of a vulcanizable covering surrounding 
conductors, which comprises an elongated vul 
canizing tube through which such a covered con 
ductor may be advanced, means for supplying 
high pressure, high temperature steam to the 
vulcanizing tube, an elongated cooling tube 
through which the insulated conductor passes 
after it emerges from the vulcanizing tube, a 
supply of low temperature water at a pressure 
above the maximum pressure of the steam ad 
mitted to the vulcanizing tube, means for con 
tinuously transmitting water from said high pres 
sure source to the cooling tube adjacent to the 
entrance end thereof, an air-operated valve pro 
vided in the water transmitting means for se 
lectively controlling the water pressure in the 
cooling tube, a mixing tube connecting the ad 
jacent ends of the vulcanizing tube and the cool 
ing tube, the water and steam contacting each 
other to form a junction point normally posi 
tioned at a point equidistant the ends of the 
mixing tube, means positioned at the entrance 
end of the cooling tube for permitting contin 
Ous passage of the conductor therethrough 
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18 
while restricting the leakage of steam from the 
junction point into the cooling tube, a pair of 
resistance bulbs spacedly positioned in the mix 
ing tube so as to straddle the normal junction 
point of the water and the steam to measure the temperatures of the water and steam adjacent 
said junction point, and an electronic controller 
responsive to the temperature differential exist 
ing between the resistance bulbs for selectively 
regulating the air-operated valve so as to main 
tain the water pressure substantially equal to the 
steam pressure, whereby any change in the steam 
pressure causes a movement of the junction point 
of the steam and water and a corresponding 
change in the temperature differential between 
the resistance bulbs and the temperature con troller in response thereto effects a corresponding 
regulation of the air-operated valve to make the 
water pressure substantially equal to the steam 
pressure and restore the junction point to its 
normal position with respect to the resistance 
bulbs. 

14. An apparatus for the continuous 
tion of a vulcanizable covering su 
prises an elongated vulcanizing tube through 
which such a covered conductor may be ad vanced, means for supplying high temperature, 

cient to vulcanize the of the covering devel 
nal pressu 
moisture in the covering, a 
tube through which the con emerging from the vulcani 
tube and the cooling tube, adju 
supplying low temperature w 
sure to the cooling tube to 
and reduce the internal pres - 
values suchi that there is no danger C 
ering blistering as the covered conductor passes 
through the cooling tube into the atmosphere, 
the water and stearn contacting each other to form a junction point normally positioned at 
a predetermined point within the mixing tube, 
means provided in the entrance end of the cooling 
tube through which the covered conductor - - 
as it enters the cooling tube for prev . 
cessive escape of the steam from the jurict 

i. i. W.K. . . . 4 - iding a continuously 
advancing core, which comprises passing the cov 
ered core continuously through an elongated 
treating zone, subjecting the advancing core to 
a high temperature, high pressure vulcanizing 
fluid within the portion of the treating zone 
first encountered by the advancing core to vul 
canize the covering thereon, subjecting the ad 
vancing core to a low temperature cooling fluid 
within the next succeeding portion of the treating 
zone to cool the vulcanized covering, measuring 
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the temperature differential of the Vulcanizing. 
fluid and the cooling fluid between spaced points 
in the treating zone, and controlling the rela 
tive pressures of the fluids in accordance with 
the measured temperature differentials existing 
between said spaced points in the treating Zone SO 
as to maintain the pressure of the cooling fluid 
and the pressure of the Vulcanizing fluid Sub 
Stantially equal. 

16. The process for the vulcanization of a vul 
canizable covering Surrounding a continuously 
advancing core, which comprises passing the cov 
ered core through an elongated treating Zone, 
Subjecting the advancing core to a high pressure, 
high temperature vulcanizing fluid. Within the 
initial portion of the treating Zone to Vulcanize 
the covering thereon, subjecting the advancing 
core to a low temperature cooling fluid within 
the next Subsequent portion of the treating ZOne 
to cool the vulcanized covering before the core 
emerges from the treating zone into the atmos 
phere, measuring the temperatures of the fluids 
at predetermined spaced points within the treat 
ing zone and controlling the relative preSSures 
of the fluids in accordance With temperature 
differentials existing between the spaced points 
in the treating Zone at which the temperatures 
are measured so as to continuously maintain 
the cooling fluid at a pressure Substantially equal 
to the pressure of the Vulcanizing fluid. 

17. The process for the vulcanization of a Vul 
canizable covering Surrounding a continuously 
advancing electrical conductor, which comprises 
passing the covered conductor continuously 
through a high pressure, high temperature vul 
canizing fiuid to vulcanize the covering Surround 
ing the conductor, said vulcanization of the 
covering at the same time developing undesirable 
high internal pressures in the air and noisture 
entrapped in the covering, passing the conductor 
and the vulcanized covering continuously and 
directly from said Vulcanizing fluid into and 
through a cooling fluid which is in contact with 
the vulcanizing fluid to cool the Vulcanized cow 
ering, continuously measuring the temperature 
differential of the vulcanizing fluid and cooling 
fluid between predetermined points astride the 
normal contact point of the fluids, and con 
trolling the relative pressures of the fluids in ac 
cordance with the measured temperature differ 
entials existing between said spaced points So as 
to continuously maintain the pressures of the 
cooling fluid and the Vulcanizing fiuid substan 
tially equal, whereby the pressure of the cooling 
fluid exceeds the internal pressure Within said 
vulcanized covering and prevents blistering of 
the covering as the conductor passes through 
the cooling fluid. 

18. The process for the continuous vulcaniza 
tion of a vulcanizable covering surrounding a 
continuously advancing conductor in which un 
desirable internal preSSures may develop in air 
and moisture entrapped Within the covering when 
the covering is vulcanized, which comprises pass 
ing the covered conductor continuously through 
a vulcanizing Zone, subjecting the covering to 
a high pressure, high temperature vulcanizing 
fluid while passing through said vulcanizing zone 
to vulcanize the covering, passing the conductor 
and the vulcanized covering continuously from 
said Vulcanizing zone to a cooling zone, contin 
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uously maintaining a cooling fluid under pressure 
in the cooling zone to cool the vulcanized cover 
ing, the vulcanizing fluid and the cooling fluid 
being in contact with their junction point nor 
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mally positioned at a point intermediate the ad 
jacent ends of the cooling Zone and the Vulcaniz 
ing Zone, continuously measuring the tempera 
ture differential existing between the vulcanizing . 
fluid and the cooling fluid at points spacedly po- . 
Sitioned astride the normal junction point there 
of, and continuously regulating the pressure of 
the cooling fluid in accordance with the measured 
temperature differential so as to maintain the 
cooling fluid at a pressure substantially equal 
to the pressure of the vulcanizing fluid at all 
times, whereby the high internal pressures with 
in the covering are reduced by the cooling fluid 
to values Such that there is no danger of the 
covering blistering as the vulcanized covering 
paSSes through the cooling Zone. 

19. The process for the vulcanization of a vul 
canizable covering Surrounding a continuously 
advancing electrical core, which comprises con 
tinuously passing the covered core through an 
elongated treating Zone, continuously supplying 
high temperature, high pressure steam to a por 
tion of the treating zone first encountered by 
the core as it travels therethrough to vulcanize 
the covering on the core, continuously supplying 
low temperature water under pressure to a por 
tion of the treating zone subsequently encoun 
tered by the core for cooling the vulcanized cov 
ering, continuously measuring the temperature 
differential of the Steam and the water between . 
predetermined Spaced points in the treating zone, 
and controlling the relative presures of the steam 
and Water in accordance with the measured 
temperature differentials existing in the treating 
Zone between said Spaced points so as to main 
tain the pressure of the cooling water substan 
tially equal to the pressure of the steam. 

20. The process for the continuous vulcaniza 
tion of a vulcanizable covering surrounding a 
continuously advancing electrical conductor, 
which comprises passing the covered conductor 
through a vulcanizing Zone, maintaining high 
temperature, high pressure steam in the vulcan 
izing Zone to vulcanize the covering surrounding 
the conductor, passing the conductor and the 
Vulcanized covering continuously and directly 
from Said vulcanizing Zone through a cooling 
Zone, continuously maintaining low temperature 
Water under pressure in the cooling zone to . 
cool the vulcanized covering as the conductor 
passes therethrough, the steam and water being 
in contact with their junction point normally po- . 
sitioned at a point intermediate the adjacent. 
ends of the vulcanizing zone and the cooling 
Zone, continuously measuring the temperature 
differential existing between the steam in the . 
Vulcanizing Zone and the water in the cooling 
Zone at points spacedly positioned astride the 
normal junction point thereof, and continuously. 
regulating the pressure of the cooling water in 
the cooling Zone in accordance with the measured 
temperature differential existing between the 
steam and the Water at said spaced points to 
maintain the pressure of the cooling water sub- . 
stantially equal to the pressure of the steam in 
the vulcanizing zone. w 

21. The process for the vulcanization of a vul 
canizable covering surrounding a continuously , 
advancing electrical core, which comprises con 
tinuously passing the covered core through a 
treating Zone, continuously supplying high tem 
perature, high pressure steam to a portion of 
the treating Zone first encountered by the core 
as it travels therethrough to vulcanize the cov 
ering thereon, continuously Supplying low tem 
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perature Water to a portion of the treating Zone 
subsequently encountered by the advancing core 
for cooling the vulcanized covering, the stean 
and the water contacting each other to form a 
junction point normally positioned in a portion 
of the treating-zone intermediate the vulcanizing 
and cooling portions thereof, discharging the con 
densate forming at the junction point from that 
portion of the treating zone, and continuously 
regulating the relative pressures of the water 
and steam and the rate of discharge of the con 
densate from the junction point in accordance 
with temperature differentials existing between 
the steam and the Water at points Spacedly po 
sitioned astride the Said normal junction point 
So as to maintain the cooling Water at a preSSure 
Substantially equal to the pressure of the steam 
at all times. 

22. The process for the continuous vulcaniza 
tion of a vulcanizable covering surrounding a 
continuously advancing electrical conductor, 
which comprises passing the covered conductor 
through a Vulcanizing Zone, maintaining a high 
temperature, high pressure vulcanizing fluid 
Within the vulcanizing zone to Vulcanize the cow 
ering on the advancing conductor, passing the 
conductor and the vulcanized covering contin 
uously and directly from said vulcanizing Zone 
through a mixing zone, passing the conductor and 
the vulcanized covering from the mixing Zone 
into a cooling Zone, continuously maintaining a 
low temperature cooling fluid under pressure in 
the cooling zone to cool the Vulcanized covering 
as the conductor advances therethrough, the 
vulcanizing fluid and the cooling fluid contacting 
each other to form a junction point normally 
positioned at a predetermined point within the 
mixing zone, discharging the mixed fluids from 
the mixing Zone, continuously measuring the 
temperature differential existing between the 
vulcanizing fluid and the cooling fluid at points 
spacedly positioned astride the normal junction 
point of the fluids in the mixing zone, and con 
tinuously regulating the discharge of the nixed 
fluids from the mixing Zone and the relative 
pressures of the cooling fluid and vulcanizing 
fluid in accordance with the measured tempera 
ture differential so as to maintain the pressure 
of the cooling fluid substantially equal to the 
pressure of the vulcanizing fluid at all times. 

23. An apparatus for the continuous vulcani 
zation of a vulcanizable covering surrounding 
conductors, which comprises means for subject 
ing the covering on the advancing conductor to 
a high temperature, high preSSure vulcanizing 
vapor to vulcanize said covering, means for sub 
jecting the Vulcanized covering to a high pres 
sure, low temperature cooling liquid as it emerges 
from said Vulcanizing medium to cool the cow 
ering, said Vulcanizing vapor and cooling liquid 
contacting each other with their junction point 
normally positioned intermediate the adjacent 
ends of the Vulcanizing means and the cooling 
means, fluctuations in the pressures of the vapor 
and liquid causing longitudinal movement of the 
junction point thereof and corresponding varia 
tions in the temperature differential therebe 
tween, and means including an electronic con 
troller responsive to the temperature differen 
tials existing between the vulcanizing vapor and 
the cooling liquid for maintaining the pressures 
thereof substantially equal. 

24. An apparatus for the continuous vulcani 
zation of a Vulcanizable covering surrounding a 
continuously advancing conductor, which com 
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22: 
prises an elongated vulcanizing tube through 
which such a covered conductor may be ad 
vanced, means for supplying high but fluctuating 
pressure, high temperature steam to the Vulcan 
izing tube to Vulcanize the covering on the con 
ductor, an elongated cooling tube through Which 
the insulated conductor passes as it-emerges from 
the vulcanizing tube, means for, continuously, cir 
culating low temperature Water through the cool 
ing tube at a predetermined pressure below the 
pressure of the steam to cool the Vulcanized COW 
ering, said steam and water contacting each 
other and having their junction point normally 
positioned at a predetermined point with respect 
to the exit end of the vulcanizing tube, said pres 
sure differential between the water and the steam 
causing a predetermined leakage of hot fluid 
from the junction point into the cooling tube, 
means for measuring the temperatures of the 
Steam and the Water at fixed pointS On opposite 
sides of their normal junction point, said fluctua 
tions in the steam pressure causing longitudinal 
movement of the junction point and correspond 
ing variations in the temperature differential be 
tWeen the Steam and the Water at Said fixed 
points, and means responsive to the tempera 
ture differentials between the Water and the 
steam at Said points as measured by the tempera 
ture measuring means for selectively controlling 
the water circulating means to continuously 
maintain the water in the cooling tube at a pres 
sure which maintains said predetermined leakage 
of hot fluid into the cooling tube. 

25. An apparatus for the continuous vulcani 
Zation of a Vulcanizable covering surrounding a 
conductor, which comprises an elongated vul 
canizing tube through which such a covered 
conductor Inay be advanced, means for supplying 
high temperature steam at approximately 250 
pounds pressure to the vulcanizing tube to vul 
canize the covering on the conductor, an elon 
gated cooling tube through which the covered 
Conductor passes after it emerges from the Vul 
canizing tube, a Supply of low temperature water 
maintained at a pressure of about 270 pounds 
per square inch, means for continuously trans 
mitting water from said high pressure supply to 
the cooling tube to cool the vulcanized covering, 
Said Steam and water contacting each other 
With their junction point normally positioned at 
a predetermined point with respect to the exit 
end of the vulcanizing tube, means positioned at 
the exit end of the cooling tube through which 
the conductor passes for regulating the discharge 
of the Water therefrom, adjustable means pro 
vided in the Water transmitting means for se 
lectively controlling the pressure of the water in 
troduced into the cooling tube so that only a pre 
determined leakage of steam from the junction 
point into the cooling tube occurs, a temperature 
Sensitive element subject to the temperature of 
the Steam adjacent to the normal junction point, 
a second temperature-sensitive element subject 
to the temperature of the water adjacent to the 
normal juncion point, fluctuations in the pres 
Sures of the Water or the steam causing longi 
tudinal movement of the junction point with re 
Spect to the temperature-sensitive elements and 
effecting corresponding changes in the tempera 
ture differential between said temperature-sensi 
tive elements, and an electronic controller re 
Sponsive to the temperature differentials between 
the temperature-sensitive elements for adjust 
ing the water pressure controlling means so as 
to maintain the said predetermined leakage of 
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steatri into the cooking tube, whereby the cooling UNITED STATES FATENTS 
water is maintained at its most effective operat- Number Name Date 
ing temperature, . --- 2,069,087 Forstrom et al.------ Jan. 26, 1937 
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