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1

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 uporn
continuously advancing conduetors.

In the manufacture of insulated flamentary
articles, such as insulated and jacketed conduc-
tors.and cables, a core having an outer covering
of vuleanizable compound therearound is ad-
vanced through an elongated vulcanizing tube
containing:a high pressure, high temperature vul-
canizing medium, such as high pressure steam, to
vulcanize the covering on the core. Frequently
the core may include a. Iayer of textile material,
sueh 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 fextile layer, which must he reduced ma-
terially before the core emerges. into the ‘atmos-
phere:in order to prevent blistering of the result-
ing vulcanized covering.

This is generally accomplished: by passing a
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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 eooling 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. Various devices have been
proposed for use at the junction peint of. the
vuleanizing tube ‘and the: cooling tube to main-
tain the escape of the. vulcanizing medium from
the wvuleanizing tube ‘at a minimum because ex-

26

30

ab

cessive leakage of the high temperature vulean- )

izing medium info 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: vuleanizing medium. To hold the leakage of
the: vuleanizing 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 vuleanizing tube-and & coel-
ing ‘tube, and:- hew and effective methods and
means for regulating the pressure of the water
in- the-cooling tube in .accordance with: flictu-
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-
hodying certain features of the invention may
be practiced, comprises: an elongated tube
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through which g continuously advancing core
having a wuleanizable covering thereon may be
passed, means fer supplying a high temperature,
high pressure fiuid to z gortion of the tube first
encountered by the core to vulcanize the cover-
ing thereon, means for Supplying a low tempera~
ture- fluid: to 4. 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
vuleanizing 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
the pressure of the cooling fluid and the vulean-
izing fuid substantially in equilibrium at all
times. .

A:complete understanding of the invention may
be: obtained from the following detailed descrip-
tion of an apparatus forming a ‘specific -embodi~
ment thereof, when read in conjunction with the
appended drawings, in which .

Fig. 1, a perspective view of & portion of an
apparatus, which may be used for vuleanizing in-
sulating coverings on .continuously advancing
filamentary cores in-accordance with one- embodi-
ment of the invention; .

Fig. 2 is a perspective view showing 8 continua~
tion of the apparatus shown in Fig. 1 extending.
from the left-hand end thereof s ) )

Fig. 3is an enlarged, fragmentary vertical sec-
tional view of a. portion of the abparatus: shown
in Fig. 2; .

Fig. 4 is an enlarged, fragmentary, vertical sec~
tional view: taken along line 4—4 of the Fig. 3,
and

Fig. b is-a schematic diagram of an electronic
controller forming & portion of the apparatus.

Referring now in detail to' the drawings, and
more particularly to Fig. 1, there is shown a fila-
mentary -conductor 18 being withdrawn from a
rotatably mounted supply reel 14 and around a
guide pulley 2. by a motor driven capstan 1§,
which. is turning at a constant rate of speed: in

45 a counter-clockwise direction. The conductor 10

passes: around the capstan {5 and then. through
an extruding head: 1§ forming part of an extrud-
er 11, which extrudes a. valeanizable: ¢overing

50 around the conductor to form g covered: condue-

tor indicated by the riumeral 20 : .
Upon leaving the extruding hesd 18§, the cov-

ered -conductor 20 passes into-an elongated: vail-

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 & pipe 26 whereby the entire tube 23

60 is filled with high pressure steam: Steamn is also
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3
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 16 in a suitable manner and

. continues therefrom through a housing enclos-.

ing a high voltage sparktester 21 (Fig. 1) and
through a housing enclosing an air wiper 28 to
an elongated .enclosure 39. The covered con-
ductor passes through the elongated vulcaniz~
ing tube 22 and upon emerging therefrom passes
directly through a mixing tube 31, a splice box
32, a cooling tube indicated generally at 33 and
a pressure reducing nozzle 84 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 vul-
canized covering of the covered conductor 20
and substantially sealing the steam in the vul-
canizing tube. TUpon leaving the nozzle 34, the
conductor 29 passes around an idler pulley 36
and. travels along a V-shaped through 40 to
which a eontinuous stream of cold water is sup-
plied by the pipe 4f. A pipe 42 is eonnected 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 21 where the vulcanized covering is sub-
jected to a high voltage testing operation: The
conductor then passes over an idler pulley 48,
which guides the conductor 20 to a capstan 50
turning at a constant rate of speed in a clock-
wise direction. The conductor 20 passes around
the capstan 50 and then over a pulley 51 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
51, distributes the conductor 20 evenly on one or
the other of motor driven take-up reels 55—58.

The take-up reels 55—55 are provided for the
purpose of permitting continuous reeling of the
covered conductor 20. A second supply reel 51
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 vuleanizing
process.

The covering on the conductor 20, in passing
$hrough 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,
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it is also expedient that it be maintained at &
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 cr 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-
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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 31 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-
jeet 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-
ing.

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 61 and 62 spacedly positioned in
the mixing tube 31 so as to straddle the normal

_ junetion point position “A,” is provided for the
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purpose of controlling the pressure of the water
in the cooling tube 33, with respect to the tem-
perature differential existing between the tem-
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 61
and 62, which bears a definite relationship to the
pressure and temperature of the steam in the
vuleanizing tube. The temperature of the water
and steam condensate adjacent to the junction
point depends on the temperature of the steam,
whiech, 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 6f. 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 68, in response
to the changes occurring in the temperature
differential between the bulbs 61 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-

"3 gure 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 temperatule controller 68 is shown ‘Scheé-
matically in Fig. b, and includes o sensitive
Wheatstone bridge circuit 63 in which the resist-
ance bulbs 61 and 62 mounted in the mixing tube
are connected and ‘an electronic clrcult indi-
cated generally at 64 for amphfymg any ‘untbal-
ance ‘Potential occurrmg across the bridge ¢ir-
cu1t The ampuﬁed ‘potential is utilized to actu~
atea solenmd 65, which Totates a Variable capa-
¢itor 66 1o rebalance ‘the bridee circuit and in §o
doing actuates an air bleeder valve 87 - ‘of the
controller 1o vary the output air pressuie thére-
of The output in p1 essure of the valve 715 Uséd
for controlhng an dir- operatéed Yallve regulating
the pressure of the water admitted to the coolirg
tube 32. Each temperatire dlﬁerentlal‘existing
between the resistanice bulbs 81 and 82 results in
a dlfferent balance of tie bridge civeuit and a
correspondmﬂ operating position - of ‘the ‘air
bleeder valve §1. The solenoid 85 aiso actudtes
2 pen §8, whlch records the change océurring in
the steam pressure on a chart §3.

One type of such a contioller is manufactured
by ‘the Foxboro Company, Foxhoro, Mass., and is
described in detail in their booklet No. 644 en-
titled “Temporature Contiroller” on pages 1 and
2, 1dent1ﬁed as 16-300 and dated February, 1945;
pages 1'and 2 1dent1ﬁed 25112449 and dated ‘““eb—
ruary, 1947; pagées 1 and 2, 1dent1ﬁed a8 16-300
‘and-dated May, 1947 ; pages'1 and 2, identified as
13—150 ‘and dated February, 1947; paves 1 azid 2,
1dent1ﬁed as 11-452 ‘and dated October, 1945;

pages 1 and 2, identified as 11-460 and ‘dated =

October, 1946; pages 1 and 2, identified as 11-461
and dated Aprn, 1946; and pdges 1, 2 and 3,
1dent1ﬁed as 11-462, and dated July, 1047, In
view of the descrlptlon ‘contained in the above-
mentloned booklet, a ‘detailéd ‘description of “the
constructlon and -operation of the controller 69
is unnecessary

“Referring now to Fig. 3'6f the drawings, it will
be noted that the mlxmg tube 81 ‘comprises a

tubular body 18, ‘which ‘is Suitably ¢onnectad so

that the ends thereof: commuhicate with the cor-
respondmg ends ‘of ‘the ‘steam tube 2% and the
_sphce box 32. The-left ‘end of the splics box 32
is connected $0 as to communicate with a tubular
‘body 11 forming part-of the cooling tube 38. The
‘body 11 has an elongated bafied tube 13 centially
posmoned in'the ncrht end thereof through which
‘the conductor 20 ‘passes in traveling frowm the
sphce box 32 into the tubular body 7{ ‘of the cool-
‘ing tube

The purpose of the bafﬁea tube 73 is to prevent
'sudden ineréases in the pressure of the stedm in
the Vulcamzmg 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 24, and also to
'prevent the water in the cooling tube from ‘surg-
'1ng 1nto the spl1ce box and vuleanizing tube upon
'substantlal decreases ‘in the pressure of the
‘steain in the' vulcanizing tube. The construction
‘and operatron ‘of the seal are described specifi-
‘eally and claimed in my copendmg application
“Serial No. 17,916, filed Mareh 30, 1948. Hence, a
‘more detailed description thereof is not neces-
‘sary herein.
. 'The cooling tube 33 consists of the tubular body
_11"and’an elongated tubular member 72. The tu-
‘bular member 72 is connected so ‘as to communi-
“tate with the tubular body Tiandis substant1ally
“reducéd in diaméter as “ecompared to the body-11.
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The nozzle 38 is 'rémO”vab’l’y ‘conniected to tHe Iett
end of the menibef 12 'so 45 to communicats with
the ‘cooling ‘tube 33. )

A gland 86 is threadedly mounhted ih a cential
bore 87 provided in the 16ft énd of the Body ™ ‘to
seal the exit end of the coolifig ‘tiibe excépt for ia
central aperture through ‘which the ‘conductor 20
passes ‘as it travels from the coohng tabe into the
member 2.

The nozzle 34 ‘secured on the ex1t end of the
tubular member 72 of the: ‘¢ooling tube 38 conSISts
of a tubular ‘member 91 having a ‘plurality of an-
nular baffles 9404 positioned therein between
tubular sbaceérs §5::95, ‘The annular - bafles
84--54 ‘are provided with ‘the - ‘central “apertuies
through which the conductor 2§ ‘passes as it
{ravels through the nozzle 34 ‘and emerges into
the atmosphere "The ‘brovision -6f the annular
baffles 84--84 (Fig. 3) in the hozgie 34 periiits
the water in the c¢ooling tlibe 82 to - escape there-
froth at’a low rate of ‘i ifito the ‘elosure 30 Hrid
at the same time gradually reduces ‘the Pressire
of the escapifig waber to that-of the atm pHETe.
The nozzle 34 pérmits a continuous ‘¢irculation of
the cooling Wwater fi'6in the pipe 35 throu,,h ths
entire -length of the ‘éooling ‘tibe, ‘Whereby the
cocling Wwater in the tube may be- ‘maintaineéd: at
its ‘most effectlve operating ‘températiire. Ihe
cooling water is discharged from the snd 6f Hhe
nozzle-34 into the closure 30 ‘anid is drained from
the closure 38 by a p1pe 97 18ading o a; ldrgerdrain
98, which drain may retuthr the Wwater to a wiit-
able water cooling system (not showh) ‘5o "thdt it
may be recirculated through thie ‘cooling tizbe 33.
~ The resistance bulb 62 (Figs. 3 and+¢) is POsi-
tioried adjacentto the left 'end-of the’ WiXiHg tibe
8150 that when tHe juncticn POitit of the Water

“and steam assumes position “A” ‘ih the mixitg

tube, the sensitive portion 6f the bulb is ‘imeérsed
in water the temperature of which has been raised
substantially as a result of its contact with the
steam from the vulcanizitig tube ‘The resistance
bulb ‘51 ‘is posmonea adjacent to ‘the “right ‘6nd
of the'mixing tibe*31 so that when the ‘junction
point assumes ‘the “A” ‘position in the - mlxmg

‘tube, the sensitive portion of the bulb 61 is sur-

rounded by the steam ‘adjacent to the juhetich
point the temperatire of which Has been lowered
by~ contact with the water The résistanc
61 dnd §2° ‘are‘identical in- ‘conistruction, g¥d Have

electrical characteristics which'suit the tedipera-

ture différéntinl most” likely to ‘odcir durmg fhe
operatmn of ‘the “apparatus, henee only ‘the wé-
sistance bulb g “will* ‘be descnbed in detdil.

‘A terminal head 90 (Flg 4)'is provxded oh the
external end: of the resistance ‘bulb 81 By Hieais
of which the’ bulb is electrlcally connected to the
controllér '69. The’ térmihal head ‘{40 is ‘§6eured
to a threaded body portron l!!l which t‘xreabledly
engages a boss {82 provided ‘on the’ ‘mixing tule.

3 : : dy
10i and has the- oppos1te end ‘thereof 'séaled “so
as to completely ‘ehclose “a 'sensitive “resistarice
element 86 (Fig. 5)" pos1t1oned therein.

Low temperature water under o pressule sub-

‘P
which hay be’ reached by “the steam in the’ vil-
canizing tube 22 is ‘ecnducted from ‘a ‘Siitable

‘supply source by a supply pipe |8 (Fig. 3) to'g

valve (i1 arranged to be actuated by an air dia-
phragm 112. Theair dlaphragm {12 veceives air
under constant pressure from ‘an air Supply pipe

i3 which actuatés the diaphragm :f12-and séts

the opeéning ‘6f ‘the valve {80 as *to 'produce
a°éonstant water pressure’in the pipe:t 18, which

FONEN
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pressure is still above the maximum pressure of
the steam in the vulcanizing tube.

The pipe | 5 conducts the water from the valve
{11 to a reducing valve 116 arranged to be actu-
ated by an air diaphragm i17 which receives
air under a pressure controlled by the valve 81
of the controller 68 through a pipe 18 connect~
ed to the valve §1 by a pipe 120. The valve {i6
is connected to the cooling tube 33 by the pipe
35, whereby the water emerging from the pipe
115, after being subjected to a further reduc-
tion in pressure determined by the opening of
the valve |16, then is conducted to the cooling
tube. Air is supplied to the controller 60 from
the supply pipe 113 through a filter dripwell 121
and a pipe 22.

A pipe 123 is connected to the bottom of the
body 16 of the mixing tube 3i to drain the con-
densate which forms therein at the normal junc-
tion point of the water and steam, to a valve 121
arranged to be actuated by an air diaphragm
128, The air dlaphragm (28 receives air from
the supply pipe 126, in which the air is at a pres-
sure regulated by the valve 87 of the controller
§0. This regulated air pressure from the con-
troller 60 actuates the air diaphragm {28 and sets
the opening of the valve {21 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 127 flows into a pipe
{30 connected with the drain 98.

A water pressure gauge 132 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
positoned adjacent to the controller 68 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 {8 has
been threaded through the apparatus from the
supply reel {1 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
28, that the cooling tube 33 is filled with low tem-
perature water under high pressure from the pipe
35, and that the valves 116 and {27 have been

so adjusted that the pressure of the water in the 5

cooling tube is substantially equal fo the pres-
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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 23 through the valve {16,
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 §1 of the controller
which is directed to the diaphragm fIT of the
control valve |16 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 133.

In establishing the bkalanced pressure relation-
ship between the water and the steam manually,
the junection point thereof may occur at any point
within the mixing tube 31, in which case, when
the controller 60 is switched to automatic opera-
tion, the temperature differential between the
pbulbs 61 and 62 will cause the controller 60 to
effect regulations of the valves 116 and {27 that
will restore the junction point to position “A” in
the mixing tube. However, for the sake of clar-
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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, &
temperature differential determined by the pres-
sure and temperature of the steam exists between
the bulbs 61 and 62. The controller 68 is switched
to automatic operation, whereupon the tempera-
ture differential between the bulbs instantly pro-
duces an unbalance potential across the bridge
cireuit 135. This unbalance potential is amplified
by the electronic circuit 64 and is utilized to effect
a balanced adjustment of the bridge cireuit 63 in
accordance therewith, and in so doing regulates
the valve 67 so that air pressure on the diaphragm
{11 of the valve |16 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 31 through the valve 127 at a rate
determined by the output air pressure of the
valve 87 of the controller 60 in response fo the
temperature differential between the bulbs 61 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 flue-
tuating stem pressure at all times. When steam
and water have been so regulated by the con-
troller 60, the capstans 150 and 50 are placed in
operation to draw the econductor 20 through the
apparatus, in which case, the covered conductor
20 emerges from the exiruding head {6 of the
extruder {1 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 58, 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-

5 age of the hot water from the splice box through

the tube 73 as the covered conductor passes
through the tube. The heating effect of the es-
caping hot water and of the vulecanized covering
of the conductor 20 on the water in the cooling
tube 32 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

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 18 into the cooling tube 38. This
Inereased 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
& result, when the covered conductor emerges
into the atmosphere, blistering of the covering is
likely fo occur. The ‘movement of the junection
point toward the left, places the hulbs 61 and §2
no longer astride the junction point, in which
case, the bulb 62 is surrounded by higher tem-
“perature condensate acjacent to the junction
point, while the bulb €1 is surrounded by steam
of higher temperature. The temperature of the
steam at the junction point also increased with
the increase in the steam Dbressure, 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:82. The increase in
temperature of the condensate surrounding the
bulbs effects a.corresponding change in the chmic
resistance of the resistance elements (06108,
which .in turn, unbalances the bridge eircuit. 63
and a potential diffrence exists thereacross. This
unbalance potential is amplified by the electronic
circuit 84, and the amplified potentia] is utilized
by ‘the solenoid 65, to ‘turn the rotor of ‘the vari-
-able capacitor 88 to a position which ‘brings the
bridge circuit 83 into balance. In so doing, the
solenoid also actuates-the air valve $7 of the con-
“troller so as to-increase its output pressure which
in turn is directed to the diaphragms (17 -and 428
“of the valves {18 and 127, respectively; and-effects
-4 greater valve opening in each -case, which re-
sults in an increased rate of fiow of cooling water
to the tube 23 and an increased rate of flow of the
condensate from the mixing tube 31 to the drain
‘pipe -98.

The -inecreased 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 peint -ecaused by the increased
steam vressure in the vuleanizing tube.

Since the resistance bulbs 61 and-82 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 80 to regulate the valve {18 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 127, causes the
-lunciion point to move back toward position “A”
-in :the mixing tube 81. As the junction point
‘moves to the right to its normal “A” position,

the temperature differential between the bulbs. 7

51 -and 62 is constantly ‘increasing ‘because the
bulbs are again substantially astride the junction
point, -in -which case the bulb 42 is surrounded
1mainiy by hot water condensate, and the buib

-8t I8 again surrounded mainly by low tempera-:
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ture steam. The controller §0, which constantly
seeks to balanee the bridge circuit §3. in response
to this constantly increasing temperature differ-
ential between the bulbs 61 and 62, continuously
effects a corresponding regulation -of the valves
416 and 127, 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
hulbs.

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 Jressure 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~
ilon of the valves 116 and (27 so as to keep the
water pressure substantially equal to the steam
‘bressure, 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 resylt, the controller §0
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 vuleanized covering fo 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 vuleanizing tube.
Under such circumstances, the cooling .water
forees its way through the tube 13 and enters the
splice box 32 and the mixing tube 34, whereupon
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 61 (Fig.
3). Since the water pressure exceeds the steam
bressure, 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
to reach a lower temperature .as the water Ccir-
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 vuleanizing tube
and might prevent proper vulcanization .of the
covering of the conductor 20.

As the junction point moves toward the right
@nd -of the mixing tube 31, -the bulb .62 becomes
surrounded with water having a lower tempera-
ture and the bulb 61 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 186 thereof is decreasing, which effects
-a corresponding decrease in the ohmic resistance
©of each resistance element. This decrease in the




' 2,581,281

11
ohmic resistance of the elements 106—i06 un-
palances the bridge circuit 63 of the controller
§0 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 cirecuit 64 and ap-
plied to the solenoid 65, it causes the solenoid to
turn the rotor of the variable capacitor 68 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 eorresponding reduced air pressure on
the diaphragms {17 and 28 which actuate the
valves {16 and 121, respectively. This reduced air
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, put since the junction point
is not positioned equidistant between the bulbs
§{ and 62, there still exists a substantially de-
ereased temperature differential between the
bulbs.

" This temperature differential initially effects
such a regulation of the valves {186 and 128 that
the pressure of the steam slichtly exceeds the wa-
ter pressure, in which case, the junetion 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 inereasing to its normal value,
and the controller 60, in response thereto, con-
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tinuously effects a regulation of the valves (16

and {21 in accordance with the increasing tem-

perature differential. The controller 68 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 116 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 61 and 62. The controller 60
continues to control the pressure of the water in
the cooling tube in this manner sc that there is
always present only a minimum leakage of hot
water from the mixing tube through the tube 13
into the cooling tube 233, and in turn, regulates
the flow of the water through the cooling tube
at g 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 116 and 127 are adjusted
so that, for a given sfteam pressure and corre-
sponding temperature differential between the
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bulbs 6 and 62, the pressure of the water in the
cooling tube is maintained slightly under the
pressure of the steam in the vuleanizing 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 a2 steam pressure of at least 150
pounds per square inch in the vulecanizing tube
will vuleanize 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 vuleanizing 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 fluctua~
tions in the steam pressure. The valve {16, in
response to the controller 69, 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 wube 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 §{ is approximately 400° P\
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 81 and 62
is approximately 3006° F. The controlier 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,
reguiates the valve 116 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 vuleanizing tube 22, the mixing tube 3,
the splice 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 tandem fo form a vuleaniz-
ing tube having a predetermined length. The
mixing tube §{ is a length of pipe designed to

¥§ eceive the resistance bulbs 61 and 62 which
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straddle-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 s
clesure which may:be opened when the conduetor
10- is- threaded' from the. extruding: Read: - 16
through the vulcanizing tube: and: cooling: tube.
Since this assembly of these elements provides
& continuous: chamber. in which the conductor is
enclosed- from the time it- leaves the extruding
head: 16 until it: emerges- from the- nozzle 34, the
entire assembly may be considered as single
tube- having: a steam-filled portion of sufficient
Iength to vuleanize the covering on the core. 10
and- a- water filled portion- of sufficient Iength
to- cool the covering before it emerges- into. the
atmosphere;

What is claimed is: ‘

1. An apparatus for-the continuous vulcaniza-
tion of a vuleanizable covering surrounding g
continuously-advancing core, which: comprises an
elongated tube through which the core passes
eontinuously, means-for maintaining g high: tem-
perature, high pressure: vuleanizing fAuid in: a
portion of the tube first encountered by the core
to-vulcanize the covering thereon, means for-sup-
plying a low temperature cooling fiuid 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 vulecanizing fiuid substantially
equal. :

2. An apparatus for the continuous vulcaniza-
tior 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 vuleanize the covering
thereon, means for supplying a low tempera-~

ture cooling fluid under pressure to a partion of &t

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 clements for-main-
taining the pressures of the cooling fluid-and the
vulcanizing fluid substantially equal. ]
3. An apparatus for the continuous- vulcaniza-~
tion of g vulcanizable covering surreunding a
continuously advancing core, which comprises:an
elongated tube through which the eovered core
passes continuously, means for maintaining high
temperature, Ligh pressure steam in g portion
of the tube first encountered by the core-to vul-
canize the covering thereen, 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 threugh 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

10

15

20

30

40

60

65

70

14

by: the: temperature-sensitive elements: for: main-
taining: the: pressure of the cooling water: sub-
stantially equal to the pressure of the steam;

4. An apparatus for the continuous vuleani-
zation: of a vulcanizable covering surroungding: a
continuously: advancing core, which comprises
means. for subjecting: the covering on. the advanc-
ing:core to g high temperature; high but fluctuat-
ing. pressure vulcanizing fluig to vulcanize: said
covering; means for subjecting the: vulcanized
covering to: a:low: temperature; cooling fluid under
pressure as it emerges from. said vulcanizing
fiuick te:cool, the vulcanized: covering-on the core,
means for- controlling the: relative bressures: of
the: vulcanizing: fluid: and the cooling fluid, means
for measuring the temperatures of: the vuleaniz-
ing: fluid: and the. cooling fluid: at spaced points
within the tube, and. means respounsive: 1o, the
temperature; differentiels: existing between: the
vuleanizing: fluid: and. the cooling finid at: sgid
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-vuleanizing- fluid. »

5. An apparaius fer the-continuyous vulcaniza-
tian. of: a. vuleanizable covering surrounding a
continuously advancing conductor, which com-
prises: means. for subjecting- the- covering on the
advancing conductor to a high temperature, high
but fluctuating pressure vuleanizing fiuid to: vul-
cahize sald coverings, said vulcanization of the
covering developing internal pressures in air-and
moisture entrapped therein, means for sub-
jecting- the vulcanized: covering to. g high: pres=-
sure, low temperature cooling fuid as. it
emerges from: said vuleanizing medium to cool
the covering to reduce the»mtge_rnal' pressures en-
trapped: therein to: values such that there is: no
danger of thé covering hlistering when the con-
ductor emerges. from the cooling: medium into the
atmosphere, means connecting the adjacent ends
of the.vuleanizing means and the cooling’ means,
the: vulecanizing fluid and the. cooling fluid: con-
tacting each other with their junction point nor-
mally: positioned:.at: a predetermined point with~
in sald connecting means, and means inchiding
an electronic controller responsive to. the tem-
perature differential existing between the vul-
eanizing fluid: ang: the cooling fluid at points ad-
Jacent:to- the normal junction peint:thereof for
maintaining the pressure.of the cooling: fluid sub~
stantially equal to the pressure of the vulcaniz-
ing fluid at all times. .

8. An apparatus for the continuous: vulcaniza-
tion of a vulcanizable covering surrounding eon-

‘ductors, which comprises. means- for subjecting

the- covering: on the advancing conductor to a
high- temperature; high but- fluetuating pressure
vuleanizing fluid: te vuleanize said. covering; said
vuleanization of the covering developing unde-

sirable high internal pressures in air and moisture

entrapped therein, means for subjecting the vul-
canized eovering to a high pressure; low-tempera-
ture cooling fluid as it emerges from said vul-
canizing fiuid to cool the covering angd reduce
the-internal pressures enfrapped 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 vuleanizing means and
the cooling means; means associated with the
cooling means-threugh which the conductor pass-
es-for- preventing: excessive. escape of the mixed
fluids.forming 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 o 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
m 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
advaneing 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-
jzed covering to a high pressure, low temperature
cooling fluid immediately after it emerges from
the vuleanizing 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 fluid being in contact with their junction
point normally positioned at a predetermined
point within the connecting means, adjustablg
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 asfride the
normal junction point for simultaneously regu-
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
vuleanizing 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 vuleanizing tube, means connecting the
adjacent ends of the vulcanizing tube and the
cooling tube, the vulcanizing fluid and the cooling
fluid 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 hetween 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 fo the pressure of the
vuleanizing fluid at all times.

10. An apparatus for the continuous vulcani-
zation of a vulecanizable 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 vul-
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
s low temperature cooling fluid under pressure
to the cooling tube to cool the vulcanized cover-
ing on the conductor, the vuleanizing fluid and
the cooling fluid being in contact with their
junction point normally ab a predetermined posi-
tion near the exit end of the vulecanizing tube,
means for measuring the temperatures of the
fluids at fixed points on opposite sides of their
normal junction point, fluctuations 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
vuleanizing fluid from the junction point into
the cooling tube occurs, whereby the cooling fluid
ig 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 vuleanizing 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,
2 mixing tube connecting the vulcanizing tube
and the cooling tube, the water and steamn con-
tacting each other to form a junction point nor-
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mally positioned at a predetérmined 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 elé¢tronic controller
responsive to the temperature-differential exist-
ing between the temperature-sensitive elements
for regulating the Water pressure controlling
means so as to maintain thé Wwater pressure and
steam pressure substantially in equilibrium and

thereby maintain minimim penetration of the

condensate formed at the jutiction point into thé
cooling tube and vice versa.
. 12. Anapparatus for'the contitivous vuleaniza -

tion of a vuleanizable covering surrounding ¢on-

ductors, which comprises an elongated Vulc‘a'hisz‘-
ing tube throtgh which the covered conductor

i§ advanced, means foi' supplying high tempera=

ture, high but variable pressure steam to the
vuleanizing tube for vuicanizing the covering
on the conductor passinig therethrough, 4 cooling
tube through which the wire passés after it
leaves the vulcanizing tube, adjustable mieatis for
continuously supplying low tefpetratuie water

under pressure to the cooling tube to ¢ool the

vulcanized covering of the conductor @ it passes
therethrough, the steam and water beifig incoii-
taet with their juretion point normally positioned
adjacent to the exit end of the Vuleanizing tube;
means positioned at theentrance énd of the cocl-
ing tube for preventing excessive eséage of thé’
hot fluids from the junetion point into the cosl-
ing tubg, means positioned at the exit end of
the cooling tube 1o gradually redice the pressure
of the water escaping from the exit end of the
cooling tube to that of the atmospheére, a pair
of resistance bulbs positioned astiide the normial
Jjunetion point of the water and the steam, and
an electronic controller including a sersitive
Wheatstone bridge circuit atranged t6 be’ témi=
porarily unbalahced by a change in the teéinpsra-
ture differential existing between tha Tesistaiice
bulbs ¢aused by a change in the pressuré of the
steam and to be automatically rebalanced s ag
t6 suit the changed temperatire differential, said

rebalancing operstion of the controlier eﬁetﬁtiﬁ‘g‘"

a corresponding reégulation of the adjustable wa-

ter supply means so as to maintain the pressire’

of the Water substantially éqisl to the pressiire
of thé steam at all titnes,

13. An apparatus for the continicus Viileasi-

zation of a vulcanizable covering surrounding

conductors, which comprises an elongated viil-
canizing tiibe through which such a covered coi-
ductor may be advanced, rieans for SUpplying

high pressure; high teniperatufe Stéati 6 the

vuléanizing tube, an elongated coolinng. fiibe
through which the insulated céondiictor passes
after it emerges from- the vuleanizing tube, &
supply- of low temperatire Witer at a préssiire
above the maximum préssure of the steam ad-
mitted t6 the villcahizing tibe, means for con-
tinluously transmittinig water from said high prés-
sure source to .the cooling titbe adjacent to thé
entrance end thereof, an air-operated valvé pro-
vided in the water transmitting means fo¥ se-
leetively controllitig the water pressuré in the
cooling’ tilbe; a ‘mixing tube coninecting the ad-
jacent ends of the vuleanizing tube and the cools
ing tube, the watei afd steam contactinig each
othér to form a jurction péint normally posi=
tioned at a point equidistant the ends of thé
mizing tube, means positioned af theé entrance
end: of the cooling tube for péfmitting contin-
uous péassage of the condiictor therfethrough
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while festricting the leakaze of steam from the
Junction point into the cooling tube, a pair of
resistanice bulbs spacedly positicned in ‘the mix-
ing tube so 4s to straddle the normal junction
point of the water anid ‘the steam to measuré the
temperatures of the whter and steam adjacént
said junction point, aid an'electronic ¢ohtroller
responsive to the temperatire differential exist=
ing between the resistance bulbs for selectively
regulating the aii~operated valve 50 25 to main-
tain the water pregsureé substantially dqual to the
steatn pressure, wheteby any change in the steam
préssure causes 4 movement of the junction point
of the steam and ‘water and a corresponding
change in the teémperature differéntial betweén
e res; ce bulbs ahd the tetperature con=
troller in response théveto effécts a corresponding
regulation of the air-operated valve t6 make the
jater préssure substantially squal o the stéam
pressure ahd Festore tive junction point to it
notimal position with réspect to the résistanice
bulbs:

14, Anapparatus for the contiruows vulcaniza-
ton 6f a vulcanizable dovering surfounditiz 4
contintously gdvanecitig condiictor, Which “¢om-=
prisés an’ elohgated VUulcanizing tubé  through
Whi¢h such a covéred conduiétor may be ad-
vanced, meah§ for Supplying high tempars ure
high but va. igblé pressure stearh to tk Viléahiz-
Ing tube wiereby the conductor passitis thsve-
through' is slibjected t6 heat and pressie suffi-
clent t6 vuleanize the ¢o 8, said vulcahization
of the‘coveritg developing yit ESiralle high riter-
nal préssuiés in entrapped pockets of air Fii
Moistiié fn the eovéring, an elongated ¢o
tibe throtigh which the conductor phasses 2
etllergitig frofi L Vildanizing ¢
connecting the adjacent eiids of
tube’ and the cooling tube, adjus'
supplying low temperatute-

e ¢ e thé  covering
and reduce the intérnal bressutes therein to
values siich that there 1§ no danger of the ¢ov=
efitig blistering as thé covered ‘condiictor passes
through the' cooling tubé irito the

the water ahd steam contacting e4
form g jutiction point NOTHMally pi
a predetermingd point withili' thé
means provided ih the entrinde éi

f the cot

tube through which thé covefed condue S
a5 1t enters the cooling' tubie fof preventing ex-
cesSive eScape of the steam’ from the jutetion

poinit intd the coolihg tiibie, eans spacealy po-
sitiofiéd ih the tixing tube for, measiring the
tefiiberatures of fh¢ stéam and the water &t
points adjacent €6 the novnidl juncticn peint
thereot, and ait elettronic controllér cotitiniioisly
responsive to the temperature diffetential siist-
Inig’ between thé témperature mMessuring heans
for regulatirig’ the watet supply medns So ds to
maintain the pressure of the water in the coolifig
tube substantially equal to the pressufe of the
stear inthe vulcanizing tibe at &1l times,

15. The process fof the viilcinization of & vul-

 canlzible covering surr6uhdifie & continuously

advancing ¢ore, Which ¢6mprises passing the ¢ov-
ered core continiously th¥Gugh an elonsated.
tréating zone, subjecting the advaricing core fo
a high tempetatiite, high pressure vilcanizing
fiuid within the portion of the tréating zons
fitst éncouiitéred by the advass ¢ore to vul-
canize the covering thereon, subjecting the ad-
vancing core to a loW temperatire cooling fliid
Within the riext succeéeding portion of the tréating
zone to cool the vuléanized eovering, medSuring
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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 3 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 vulecanize the covering surround-
ing the conductor, said vulcanization of the
covering at the same time developing undesirable
high internal pressures in the air and moisture
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 cov-
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 vulecanizing fiuid substan-
tially equal, whereby the pressure of the cooling
fluid exceeds the internal pressure within said
vuleanized 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 vuleanizing zone, subjecting the covering to
a high pressure, high temperature vulcanizing
fluid while passing through said vuleanizing zone
to vuleanize the covering, passing the conductor
and the vulcanized covering continuously Irom
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 vuleanized 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 vuleanizing 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 therethroush, the steam and water being
in contact with their junetion 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 -
vuleanizing 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. .

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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21"
perature water to'a; portion.of $hetreating zone
subsequently encountered by the advancing-.co.re
for. cooling the vulecanized covering, the steam
and the water contacting each other to form a
Junetion point normslly 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, angd continuously
regulating the relative pressures of the water
and steam and the rate of discharge of the con-
densate from the junection 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 g pressure
substantially equal to the pressure of the steam
at all times.

22. The process for the continuous vulcaniza-
tion of a vuleanizable covering surrounding a
continuously advancing electrical conductor,
which comprises passing the covered conductor
through a vulcanizing zone, maintaining g high
temperature, high pressure vulcanizing fuid
within the vuleanizing zone to vuleanize the cov-
ering on the advancing conductor, passing the
conductor and the vuleanized covering contin-
uously and directly from said vuleanizing zone
" through a mixing zone, passing the conductor and
the vuleanized covering from the mixing zone
into a cooling zone, continuously maintaining g
low temperature cooling fluid under pressure in
the cooling zone to cool the vuleanized covering
as the conductor advances therethrough, the
vuleanizing 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 fuids from
the mixing zone, continuously measuring the
temperature differential existing between the
vuleanizing 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 mixed
 fluids from the mixing zone and the relative
pressures of the cooling fluid ang vuleanizing
fluid in accordance with the measured tempera-
ture differential so as to maintain the pressure
of the cooling fluid substantially equal to the
bressure of the vulcanizing fluid at all times.

23. An apparatus for the continuous vulcani-
zation of a vulecanizable covering surrounding
conductors, which comprises means for subject-
ing the covering on the advancing conductor to
& high temperature, high pressure vulcanizing
vapor to vuleanize said covering, means for sub-
Jjecting the vuleanized covering to a high pres-
sure, low temperature cooling liquid as it emerges
from said vuleanizing medium to cool the cov-
ering, said vuleanizing vapor and cooling liquid
contacting each other with their junetion 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
Jjunetion point thereof and corresponding varig-
tions in the temperature differential therebe-
tween, and means including an electronic con-
troller responsive to the temperature differen-
tials existing between the vuleanizing vapor and
the cooling liquid for maintaining the pressures
thereof substantially equal.

24, An apparatus for the continuous vuleani-
zation of a vulecanizable covering surrounding a
continuously advancing conductor, which com-

10

20

25

30

50

60

65

70

75

22

prises .an “elongated vulcanizing tube ‘througt:
which :such .a covered conductor may :be .ad«
vanced, means for supplying high but-fluctuating
pressure, high temperature steam to the vulean-
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 g predetermined pressure below the
bressure of the steam to cool the vulcanized cov-
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 boints 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 vuleani-
zation of a vuleanizable covering surrounding a
conductor, which comprises an elongated wvul-
canizing tube through which such a covered
conductor may be advanced, means for supplying
high temperature steam at approximately 250
pounds pressure to the vuleanizing 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
ber 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 bositioned 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 5 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 hormal 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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steatii {rito the dooling tube, whereby the cocling
water is maintained at its most éffective operat-
ing temperature. . o
GEORGE E. BERGGREN.
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