
Sept. 3, 1957 D. T. MlLNE - 2,804,642 
METHOD AND APPARATUS FOR THE CONTINUOUS 

EXPANSION OF TUBULAR OBJECTS 
Filed June 2, 1953 



W“ 

-. 2,804,642 

METHOD AND APPARATUS FOR THE CONTINU 
OUS EXPANSIDN 0F TUBULAR OBJECTS 

David T. Milne, Fredericksburg, Va., assignor to Ameri 
can Viscose Corporation, Philadelphia, Pa, a corpora 
tion of Delaware 

Application June 2, 1953, Serial No. 359,134 

11 Claims. (Cl. 18-1) 

The present invention relates to the manufacture of 
tubular products such as arti?cial casings for meat prod 
ucts, bands for bottlenecks and similar articles. In par 
ticular the invention relates to novel methods and ap 
paratus for producing tubular products of de?nite and 
uniform diameter. 

In the manufacture of the various well-known types 
of cellulosic arti?cial casings, such as those fabricated 
from cellulose and derivatives thereof, for example, 
viscose, cellulose acetate, hydroxyeth'yl cellulose, nitro 
cellulose, cupramrnonium cellulose, etc., it is desirable 
to maintain uniformity of size, strength, shape, and ap 
pearance. 

In the past it has been customary to control the diam 
eter of the tubular material by in?ating the tubes during 
their production with a suitable gas, such as air. By 
controlling the pressure of the gas delivered to the interior 
of the tube, it was possible to harden or ?x the casing 
while in an in?ated condition. With this procedure, 
however, considerable di?‘rculty has been experienced in 
su?iciently obtaining and maintaining the desired uniform 
density and wall thickness of the tubular material dur 
ing the hardening process when the tube is relatively 
plastic and pliable. Di?iculty was also encountered in 
maintaining a continuously moving tube at exactly the 
desired diameter. Also the tubing, when in?ated, fre 
quently lost its desired diameter due to small holes pres 
ent in the wall of the tubing due to the rupture of weak 
spots within the tubing wall, the weak spots being 
caused by the presence of air bubbles in the spinning 
dope. 

It is an object of the present invention to provide a 
method and apparatus for producing continuous tubular 
material exhibiting de?nite and uniform diameter which 
overcome the above objections wherein the diameter of 
the continuously traveling tubing may be easily con 
trolled even if small holes are present in the tubing wall. , 
Another object of the invention is to provide a method 

for controlling the diameter of continuous traveling, re 
generated cellulose tubing while passing initially ?attened 
tubing through a liquid treating bath and then expanding 
the tubing with the use of a treating liquid. 
An additional object is to provide a method for ,con 

trolling the diameter of the tubing by varying the level 
of the liquid treating bath with respect to the height of 
a liquid column within the tube. 
Another object‘of the invention is to provide in appa 

ratus for producing continuous tubing exhibiting de?nite 
and uniform diameters, means for varying the liquid level 
of the treating bath. 

Other objects of the invention will be apparent from 
the following description and drawings in which: 

Figure l is a vertical section 'of one embodiment of 
the invention, and V 

Figure 2 is a vertical section of another embodiment of 
the invention. ' 
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tion includes introducing extruded plastic tubing into a 
liquid treating chamber, passing the tubing between a 
pair of juxtaposed nip rolls adjacent one end of the liquid 
treating chamber and withdrawing the tubing from the 
chamber between a second pair of juxtaposed nip rolls. 
The proper amount of liquid is introduced into the in 
terior of the tubing to open and to maintain the tubular 
material in an expanded condition as it travels through 
the bath. The diameter of the tubular material is then 
controlled by regulating the height of the treating liquid 
in the chamber with respect to the height of the liquid 
within the tube. It has been found that the desired ex 
pansion, contraction and other important characteristics 
of the ?nished tubular material may be accurately and 
readily achieved in this manner. 
The invention also provides apparatus for introducing 

an initially ?attened, extruded tube into a liquid treating 
bath, including means for conveying a portion of the 
tube in expanded condition through the bath and means 
for varying the liquid level of the treating bath. 
As will be more apparent hereinafter any conventional 

and suitable solution or liquid vmay be supplied to the 
chamber during the processing of the tubular material 
therein. For example, there may be used a regenerative 
solution of dilute sulfuric acid and sodium sulfate, a 
bleach solution of hypochlorous acid, a desulphurizing 
solution of sodium sul?de, an aqueous wash or any other 
suitable solution. The liquid which is supplied to the 
interior of the tubular material may be the same as that 
which is supplied to the treating chamber. However, a 
relatively inexpensive liquid which is immiscible with the 
treating liquid may be introduced into the tube so that 
it can be readily recovered should the tubing become 
ruptured to such an extent that the liquid within the 
tubing passes into the treating bath. 
The structural details of one embodiment of the pres 

ent invention are shown in Figurevl of the drawing. As 
illustrated therein, the ?attened tubular material 1 is. 
conducted from any suitable type of tube extrusion ap 
paratus 2 about the guide roll 3, into the liquid treat 
ing tank 4, about guide rolls 5 and 6, and then between 
the lower pair of nip rolls 7 and 8. After the tank 4 
is ?lled with treating liquid and before the tube 1 is 
fed through nip rolls 9 and 10, an amount of a suitable 
liquid is introduced from an external source into the bore 
of the tube 1 byforcing the liquid through any suitable 
opening such as a slit made in the upper portion of the 
tube. When the tube is ?lled to a level substantially 
commensurate with the level of the treating bath, it is 
then fed between nip rolls 9 and 10. However, the 
tube 1 may be fed through the rolls 9 and 10 which 
rolls may bejthen spread apart to permit introduction 
of liquid therebetween and into the bore of the tube 
after which the nip rolls 9 and 10 are brought together. 
After the tubing leaves nip rolls 9 and 10, it passes up 
wardly to a further processing station, or collection sta 
tion, not shown in the drawings. The portion of the tube 
1 between the two sets of squeeze rolls thereby assumes an 
expanded circular form indicated at 12 which form is 
retained as the tube continuously passes through the 
treating bath 11. The nip rolls 7, 8, and 9, 10 are pref 
erably driven at predetermined independently controlled 
rates on their respective shafts 7a, 8a, 9a, and 10a in any 
suitable manner. ' i 

The diameter of the tubing 1 is controlled by raising, 
lowering or maintaining constant the level of the treating 
bath with reference to the level of the liquid column with 
in the tube. As the treating bath level is lowered, there 
results a corresponding decrease in the bath pressure ex 
erted upon the external periphery of the expanded tube 
portion 12 and the liquid column therewithin. As a con 
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sequence of such pressure decrease, the liquid pressure . 
exerted upon the inner surface of the tube portion 12 
by the column of liquid within the tube bore is opposed 
by less bath pressure than before the bath level was low 
ered and, therefore, the internal liquid pressure'further 
expands the tube portion 12 to effect an increase in the 
diameter thereof. This action is accompanied by» a_low 
ering of the level and liquid pressure of the liquid col 
umn within the bore of the tubing. As the bath level is 
raised, there results a corresponding increase‘in the bath 
pressure exerted upon the, wall of the expanded tube 
portion 12 and the liquid column therewithin. As a con 
sequence of such pressure increase, the liquid pressure 
exerted upon the wall of- the tube portion 12:by,the 
column of liquid within the tubing. bore is opposed by 
greater bath pressure than before the bath‘ level was raised 
which effects a decrease in the diameter of the expanded 
tube portion 12. This action is accompanied by'raising 
of the level and liquid pressure of the liquid column with 
in the tubing bore. To control the bath level andrco'n 
sequently the external liquid pressure exerted upon the 
expanded tube portion 12 and the liquidcolumn there 
within controlled over?ow, system- and azsupply system 
indicated generally by reference numerals,13. and 1-7 
respectively are provided. The overflowv system: com 
prises three spigots or valves.14 positioned ‘at different 
heights exteriorly of the chamber 4 to control .the with 
drawal or overflow of treating liquid from bath 11. The 
liquid ?owing through valves 14 passes into drain 15 and 
is thereby conveyed to the reservoir 16.“ By openingor 
closing. the valves 14, the level of the liquid within .the 
chamber 4 may be closely regulated as desired. Toraise' 
the level of the treating liquid within the chamber, liquid 
may be pumped from container 16 into the liquid treat 
ing. chamber 4. The treating liquid which is collected 
in the container 16 is preferably returned to the chamber 
by the conventional pump 18 positioned'in the conduit 
19 which extends from the-containerplG to the top of the 
treating tank 4-to empty into the tank. 

Additional supply liquid for the treating chamber may 
also be fed. to reservoir 16 from container 16a. When 
the tube 1 leaves the treating bath 11, it is completely 
set up or coagulated and it may then be dried or subjected 
to other processing steps such as cutting, slitting, etc. 
By regulating the valves 14 and the amount of liquid _ 
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introduced into the liquid chamber through conduit 19, ' 
the relative height of the treating liquid in the tankrnay 
be varied. or maintained with respect to the height of 
the liquid column within the expanded tube portion 12. 
Moreover as the level of the treating liquid is varied, the 
external ?uid pressure exerted upon the expanded tube 
portion 12 is varied proportionately so as to effect con 
trol of the expansion and contraction characteristics of ' 
the tube, and thus control of the diameter of the tube, 
with a high degree of accuracy. 
Another embodiment of the present invention is shown 

in Figure 2 of the drawing. As illustrated. therein: the 
tubular material or the like 21 progresses from anysuit 
able extrusion apparatus 22 which is shown =diagram 
matic‘ally in thedrawing, upwardly through the slot or 
aperture v2,3 in the over?ow container 24; between’ the 
juxtaposed nip-rolls 25 and 26, and then upwardly through 
a treating liquid 27 in the tank 28: Prior to. feeding 
the tube 21 between nip-rolls 29 and 30, the tube is slit. 
to force treating liquid into the tube 21 to form an :ex 
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panded tube portion 31 within the bath 27,. after which ' 
the tubing is fed through nip-rolls 29 and 30; Instead of’ 
slitting the tube 21, the tube may be passed between ‘rolls 
29 and 30 which may then be spread apart to‘ permit the 
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29, and 30 are mounted on driven shafts 25a, 26a, 29a, 
and 30a and may be driven by any suitable driving means. 
By reversing the direction of rotation of the nip-rolls, 

the tubing 21 may travel through the bath 27 in a down 
ward direction. The tube 21 may be fed into the treat 
ing bath 27 from the top of tank 28, through nip-rolls 
29 and 30, and then proceed downwardly to leave the 
bath 27 between nip-rolls 25 and 26 and through ‘opening 
23 in the over?ow container 24. When using this proce 
dure, the extruded tube 21 is fed between nip-rolls 29 and 
30 and then brought to the surface of the bath 27.v After 
a suitable amount of the tubing enters the bath, the tube 
bore is ?lled with treating liquid. The free end of the 
tube 21 is then clamped to prevent escape of liquid and 
the tube is allowed to descend to the bottom of the bath 
to be fed between nip-rolls 25 and 26, through the over 
flow container opening 23, and to any additional process 
ing station. , 
By varying or maintainingconstant the level 'of bath 

27 with reference to the height of the liquid within the 
expanded tube portion 31, the diameter of the tube 21 
may be accurately controlled. As the treating bath 
level is lowered, there results a corresponding decrease 
in the bath pressure exerted upon the external periphery 
of the expanded tube portion 31 and the liquid column 
therewithin. As a consequence of such pressure decrease, 
the liquid pressure exerted upon the internal periphery 
'of the tube portion 31 by the column of liquid within 
the tubelbore is opposed by less bath pressure than be 
fore the bath level was lowered and therefore the iinternal 
liquid pressure further expands the tube portion 31 to 
effect an increase in the'diameter of tube portion 31. 
This action is accompanied by a lowering of the level 
and [liquid pressure of the liquid column within the bore 
of the tubing. As the bath level is raised, there results 
a corresponding increase in the bath pressure exerted 
upon the periphery of the expanded tube portion 31 and 
the-liquid column therewithin. As a consequence of such 
pressure increase, the liquid pressure exerted upon the 
internal periphery of the tube portion 31 by the col 
umn of_liquid within the tubing bore is opposed by 
greater bath pressure than before the bath level was 
raised which effects a decrease in the diameter of the ex 
panded tube portion 31. This action is accompanied by 
raising of the level and liquid pressure of the liquid col 
umn within the tubing bore. To control the bath level 
and consequently the external liquid pressure exerted 
upon the expanded tube portion 31, a bath over?ow sys 
tem and a bath supply system indicated generally by 
reference numerals 32 and 33, respectively, are provided. 
The over?ow system comprises threev spigots or valves 
34 positioned at different heights exteriorly of the cham 
ber 28 to control the withdrawal or over?ow of treating 
liquid from bath 27. The liquid ?owing through valves 
34 passes into drain 35 and is thereby conveyed to the 
over?ow container 24 secured in any suitable manner 
‘to the lower extremity of the tank 28. By opening. or 
closing one or more valves 34, the liquid level in the 
chamber or tank 28 may be closely regulated. The treat-I 
ing liquid which is collected in the container 24 may be 
returned to the liquid replenishing source 40 and to the 
chamber- 28 to raise the level of the liquid therein by 
the conventional pumping device or the like 41 positioned 
below tank 24, through the pipes or conduits 42 which 
are ‘preferably secured to the container or tank 28 in 
any suitable manner. 
As will be more apparent hereinafter the annular 

‘ centrally apertured ridge or the like 36 which extends up 

70 
introduction of treating liquid within‘ the tube 21 after . 
which the rolls are brought together to form'the ‘expanded 
tube portion 31. The tube 21 then passes upwardly out' 
of-the; bath to an additional processing or collecting’ sta 
tion not shown ‘iri‘the drawings; The‘ nip-re1ls~25";"26," 75 

wardly from the bottom surface of the container 24 is 
adapted to permit the continuously advancing material to 
pass upwardly from the extrusion apparatus 22' through 
the container 24 and between the pair of juxtaposed nip 
rolls 25 and 26 ‘positioned in the slot of opening 37 in the 
bottom .portion of the tank 28. The ?exible shoe mem 
bers 38‘an'd 39‘which may be constructed preferably from 
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any suitable resilient material such as rubber or the like 
are adapted to be secured to the ?anged end portions of 
the slot 37 and are curvilinearly contoured so as to closely 
follow the periphery of the nip-rolls 25 and 26 and yet 
not impede or interfere with the rotation of the same on 
their respective shafts. The two pair of nip-rolls 25 and 
26, and 29 and 30 are preferably driven at the same rate 
of speed. When, however, the overall length of the tubu 
lar portion 31 varies due to changes in the degree of ex 
pansion thereof, it is to be understood that the rate of 
either pair of nip-rolls is variable and/ or adjustable 
with respect to the other pair of nip-rolls so that the 
tubular material continuously follows a substantially 
linear path between the said pairs of nip-rolls. 
The embodiment as shown in Figure l is preferred 

when the diameter of the tube is to be greatly enlarged. 
As seen in Figure 1, the tube travels the depth of the 
treating bath in a ?attened condition which tends to set 
up or coagulate the outer portions of the tube periphery 
which action makes the tube stronger and thus tends to 
prevent rupture of the tube after liquid is introduced with 
in the bore of the tube. 
The embodiment as shown in Figure 2 is preferred 

when the diameter of the extruded tube is to be only 
slightly enlarged or decreased. As seen in Figure 2, the 
tube is expanded as soon as it enters the treating bath, 
thus affording no chance to set up or coagulate the outer 
portions of the tube periphery. 

The invention as disclosed provides a system for accu 
rately regulating the tube diameter. The level of the 
bath need only be raised or lowered slightly to effect a 
change in the diameter of the expanded portion of the 
tube. 

While preferred embodiments of the invention have 
been disclosed, the description is intended to be illustra 
tive only and it is to be understood that changes and 
variations may be made without departing from the spirit 
and scope of the invention as de?ned by the appended 
claims. 1 

I claim: 
1. A method of setting the diameter of continuously 

traveling plastic tubing comprising the steps of continu 
ously conducting the tubing through a liquid treating 
bath, constricting the tubing within the bath, supplying 
a liquid to the interior of the tubing to form a liquid 
column within the tubing interior adjacent the constriction, 
constricting the tubing again along the liquid ?lled portion 
of the tubing to form an expanded portion in the tubing 
within the bath, and adjusting the level of the treating bath 
to ?x, as described, the diameter of the liquid column 
within the tubing through changes in external pressure 
exerted upon the liquid column. 

2. A method of setting the diameter of continuously 
traveling plastic tubing according to claim 1, characterized 
in that the plastic tubing comprises cellulosic tubing. 

3. A method of setting the diameter of continuously 
traveling plastic tubing according to claim 1, character 
ized in that the liquid within the tubing comprises a 
liquid dissimilar to that of the treating bath. 

4. A method of setting the diameter of continuously 
traveling regenerated cellulose tubing comprising the 
steps of continuously conducting cellulosic tubing through 
a regenerating bath, constricting the tubing within the 
bath, supplying a liquid to the interior of the tubing above 
the constriction to form a liquid column therein, con 
stricting the tubing again above the ?rst constriction and 
at a point adjacent and above the surface level of the 
bath to form an expanded portion in the tubing within 
the bath, and adjusting the level of the treating bath to 
?x, as desired, the diameter of the liquid column within the 
tubing through changes in external pressure exerted upon 
the liquid column. 

5. A method of setting the diameter of continuously 
traveling regenerated cellulose tubing comprising the 
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6 
steps of continuously conducting extruded tubing through 
aregenerating bath, constricting the tubing within the 
bath, supplying a liquid to the interior of the tubing above 
the constricted point to form a liquid column therein, 
constricting the tubing again above the ?rst constriction 
to form an expanded tube portion within the bath, and 
adjusting the level of the treating bath to ?x, as desired, 
the diameter of the liquid column within the tubing 
through changes in external pressure exerted upon the 
liquid column. 

6. A method of setting the diameter of continuously 
traveling plastic tubing comprising the steps of continu 
ously conducting extruded tubing through a liquid treat 
ing bath, constricting the tubing within the bath, supply 
ing a treating liquid to the interior of the tubing above 
the ?rst constriction to form a liquid column therein, con 
stricting the tubing again above the ?rst constriction to 
form an expanded portion in the tubing Within the bath, 
and supplying additional treating liquid to the liquid bath 
to raise the level thereof to decrease the diameter of the 
liquid column within the tubing. 

7. A method of setting the diameter of continuously 
traveling plastic tubing comprising the steps of conducting 
tubing through a liquid treating bath, constricting the 
tubing at a point within the bath, supplying a treating 
liquid to the interior of the tubing above the constriction 
to form a liquid column therein, constricting the tubing 
again above the ?rst constriction to form an expanded 
portion in the tubing within the bath, and withdrawing 
treating liquid from the bath to lower the level thereof to 
increase the diameter of the liquid column within the 
tubing. 

8. A method of setting the diameter of continuously 
traveling plastic tubing comprising the steps of continu 
ously conducting extruded plastic tubing upwardly 
through a liquid treating bath, constricting the tubing at 
a point within the bath, supplyingv a liquid to the in 
terior of the tubing above the constriction to form a 
liquid column therein, constricting the tubing again above 
the ?rst constriction to form an expanded portion of the 
tubing within the bath, and adjusting the level of the 
treating bath to ?x, as desired, the diameter of the liquid 
column within the tubing through changes in external pres 
sure exerted upon the liquid column. 

9. A method of setting the diameter of continuously 
traveling plastic tubing comprising the steps of continu 
ously conducting extruded tubing downwardly through a 
liquid treating bath, constricting the tubing at a point 
within the bath, supplying a liquid to the interior of the 
tubing above the constriction to form a liquid column 
therein, constricting the tubing again above the ?rst con 
striction to form an expanded portion in the tubing within 
the bath, and adjusting the level of the treating bath to 
?x, as desired, the diameter of the liquid column within 
the tubing through changes in external pressure exerted 
upon the liquid column. 

10. Apparatus for setting the diameter of continuously 
traveling plastic tubing comprising a liquid container 
through which the tubing travels, means for introducing 
a liquid into the container, means for introducing liquid 
into the tubing interior to form a liquid column within the 
tubing, spaced apart tube constricting means supported 
Within the container, and means for adjusting the level of 
a liquid within the container while the tubing is traveling 
through the container to control the diameter of the 
liquid column formed within the tubing through changes 
in external liquid pressure exerted upon the liquid column. 

11. Apparatus for setting the diameter of continuously 
traveling plastic tubing comprising a liquid container 
through which the tubing travels, means for introducing 
liquid into the container, means for introducing liquid 
into the tubing interior to form a liquid column Within 
the tubing, two pair of spaced apart nip rolls for the tubing 
which rolls are supported Within the container, and a 
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