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This invention relates to the manufacture of thin 
walled, one piece collapsible tubes from tractile plastic 
material, to methods of making collapsible tubes, to ap 
paratus and devices for production of collapsible tubes, 
and to novel collapsible tubes themselves. 

There have been repeated efforts in the prior art to 
make collapsible tubes from thermoplastic materials. 
The prior art methods have been unsatisfactory as an 
industrial operation for many reasons. Many have been 
complex and expensive. The resulting products have 
not been uniform. The tube walls in many cases have 
lacked the necessary strength with desired flexibility. In 
many cases, the plastic has been subjected to such distor 
tion that internally it is under strain and is, as a result, 
permeable to essential oils and other components of ma 
terials normally contained in products packaged in col 
lapsible tubes. 
Among the objects of the present invention is the 

manufacture of collapsible tubes by relatively simple and 
economic methods. 

Other objects include the production of collapsible 
tubes that are substantially uniform although made by 
high speed methods of manufacture. 

Further objects of this invention are collapsible tubes 
of desired strength and flexibility, but free from internal 
plastic strain. 

Still further objects of this invention will appear from 
the more detailed description set forth below, it being 
understood that such more detailed description is given 
by way of illustration and explanation only, and not by 
Way of limitation since various changes therein may be 
made by those skilled in the art without departing from 
the scope and spirit of the present invention. 

ln connection with that more detailed disclosure, the 
accompanying drawings illustrate one form of the in 
vention. 

Figure l shows in front elevation, partly in section, a 
device for drawing plastic to produce a collapsible tube 
preform. 

Figure 2 shows the first stage of the drawing operation. 
Figure 3 shows a front elevation partly in section of a 

preferred form of apparatus elements at the end of the 
first stage of the drawing operation. 

Figure 4 shows a similar view at the beginning of the 
neck and shoulder forming operations. 

Figure 5 shows a similar view at the completion of the 
neck and shoulder forming operations. 

Figure 6 shows the completion of the drawing opera 
tion. 

Figure 7 shows the final shaping for the tube preform. 
Figure 8 shows the collapsible tube preform produced 

in accordance with this invention. 
In accordance with the present invention, it has been 

discovered that collapsible tubes can -be manufactured 
satisfactorily from plastic or thermoplastic material which 
tubes possess all necessary characteristics to satisfy in 
dustrial and commercial usage and, by methods that are 
feasible, relatively simple, economical, and rapid, the 
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body portion of the tube being lproduced by a drawing 
operation that yields a one-piece thin walled tube of 
substantially uniform dimension throughout its length, 
the plastic being free of internal strain. 
Exemplary plastic material that is satisfactory for 

utilization includes polyethylene, nylon type resins, and 
polyvinylidene chloride such as “Saran” Such plastics 
will hereinafter be referred to as tractile plastic. Poly 
ethylene will be used to illustrate the invention. For ex 
ample, it has been found that plastic such as polyethylene 
may, under proper conditions, be drawn to give a col 
lapsible tube preform of wall dimension that may be 
controlled as desired with respect to wall-depth of plastic 
without internal strain whereby the desired strength may 
be developed While acquiring the flexibility necessary for 
collapsible tube use. For some uses, thermoplastics that 
exhibit a deñnite melting point and are capable of orienta 
tion may be desirable. 

In carrying out the present invention, the collapsible 
tube preform is drawn from a preheated slug of tractile 
plastic. The slug may be in disc form, its diameter and 
thickness determining the amount of plastic which is 
available for the preform. 
Of course, the method in which such slug is processed, 

including manner of operation and temperature, will de 
termine the degree to which the plastic is oriented, the 
final shape obtained, and the distribution of the plastic 
in the preform and in the ultimate collapsible tube. 
The slug is fixed in position for the drawing operation 

by clamping it peripherally and the plastic is drawn from 
the free or unclamped portion of the disc. The drawing 
operation may be carried out in any desired way as by 
means of a mandrel which impinges against a central 
portion only of the disc and by movement draws the 
plastic from the slug to the extent desired. During such 
drawing operation, the walls of the tube preform which 
are thus being produced in an initial stage should be free 
and the mandrel therefore does not contact the plastic 
material at any point except at the central portion of the 
closed end of the tubular form being drawn. To give 
the desired diameter and size to the tubular form, the 
mandrel may carry a disc near the outer end of the 
mandrel, the diameter of the disc determining the diam 
eter of the tubular preform, and also serving to main 
tain the drawn walls out of contact with apparatus ele 
ments to prevent chilling so that the wall will be free 
for orientation. The amount of plastic material in the 
tubular form at this stage and its distribution depends 
on the nature of the plastic, its temperature, and the 
character Aof the drawing operation. It has been found 
that it is possible to control very accurately the distri 
bution of the plastic in the tubular form and to produce 
substantially uniform wall dimension in the tube wall, 
throughout its length. For this purpose, the tubular form 
is desirably not drawn to the ultimate length desired, in 
a single continuous drawing operation because the plastic 
in the outer (closed end) of the tubular form is in plastic 
deformable condition at this stage. Far superior results 
and control are obtained if the drawing operation is in 
terrupted when the ltubular length produced is only a 
fraction (as for example one-half inch) of the ultimate 
desired length. Then, at this stage, the neck and shoulder 
portions are formed in the outer (closed) end of the tu 
bular form and chilled or frozen so that a rigid neck and 
shoulder is produced integral with the tubular wall. It 
will be noted that at this point, the Wall of the tubular 
form does not contact any metal and therefore does not 
freeze. The drawing operation is then continued to com 
pletion of the drawn tubular preform. Finally, since the 
drawn tubular form will generally show a concavely 
curved side wall, it is desirably subjected to the pressure 
of a ñuid such as air blown thereinto, to expand the tube 



' procedures. 

3 
within a metallic tubular form or die to the desired anat ‘ 
straight walled tubular pattern, the contact withl the 
metallic die chilling or freezing the thus formed tube at 
this time. The air pressure'is then released,_the metallic 
tubularform or die moved out of position, and the neck 
formingdie removed. Where a threaded tube has been 
formed the last mentioned die may be removed by un 
screwing, or where a split die is used, it is opened and 
removed. 
A number of important advantages are secured by these 

The amount of plastic in the neck and 
shoulder can be maintained to give a rigid structure. The 
neck can, if desired, be given an external thread of de 

the time of the neck forming operation. At this time, 
and as part of the operation, the neck may be pierced to 
form an internal passage connecting with the interior of 

l- the tubular form. By forming the neck and shoulder 
portions in this way and chilling or freezing them, the ‘ 
plastic in the neck and shoulderportion remains set, so 
that the further drawing operation to final tube length 
`does not remove plastic from the neck and shoulder por 
tions. Instead, the drawing takes place from the drawn 
tubular portion only which is still at drawing tempera 

` ture. The tube may be drawn to any length desired‘and 
under the conditions given a substantially uniform wall 
dimension is secured throughout the length of the drawn 
tube regardless of how thin the tube wall is made. Ori 
entation of the plastic is secured at the same time thus 
developing strength and flexibility. In this way a plastic 
collapsible one-piece thin walled tube preform is pro~ 
duced representing a marked advance in the art. The 
oriented drawn tubular body has the strength and ilex 
ibility desired while the heavier neck and shoulder give 
rigidity and shape retention. Furthermore, the simplicity 
of operation used in production of such preform not 
only makes for economy and high speed in production, 
but enables complete control of the amount of plastic 
which enters into each portion of the preform and the 
distribution of the plastic at every point thereof. No 
such control was possible in any prior art operation nor 
was it possible to produce such plastic articles in the 
prior art free from internal strain with resultant loss of 
strength and life. Tubes produced by the present in 
vention show resistance to penetration even by sulfonated 
detergents. 
The wall dimension of tube can be controlled through 

out the length of the tube by the speed of the draw. 
Fast draw gives a thin wall around the shoulder portion. 
A very slow draw gives a thin wall around the open end. 
The correct draw desired can be readily determined for 
any given set of conditions to maintain substantially uni 
form wall depth within a couple of thousandths of an 
inch. In addition, the ñnished tube can be made of any 
length >within limits, but with retention of substantially 
uniform wall dimension by the speed of draw. Thus 
tubes can be made of a diameter such as 1%" and 5" 
length to 8" length. The tinished tube wall depth also 
depends of course, on the thickness of the original slug. 
Atypical operation carried out in accordance with the 

i present invention utilized a slug approximately 1A" thick 
>by 11/2” diameter at a temperature of 180° C., the slug 
being made from polyethylene P.M.I. grade (Du Pont). 
The speed of travel during the drawing operation was 
l6-l8" per minute. The size of the finished collapsible 
tube was 1%" in diameter by 7" in length from shoulder 
to cut olf. The thread on the nose was 'YAG" long with 
fourteen threads to the inch. The temperature of the 
original slug may vary as desired as long as it is ‘at draw 
ing temperature until the final drawing operation and 
fluid expansion steps are completed. Tubes of anyv de 
sired diameter, length and wall thickness may thus be 
produced, and the ultimate configuration of the collaps 
ible tube preform controlled within close tolerance lim 
its as desired. ' . 
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Turning to the disclosed drawings, one manner of 
practicing the invention is as follows. A slug 1 such as 
of polyethylene, and of the desired size is positioned on 
the bottom plate 2 over an opening 3 therein, and held 
in place by holddown plate 4 mounted on standards 5, 
5 carried on plate 2. Coil springs 6, 6 are seated against 
plate 4 at one end and against guide plate 7 at the other 
end to force the plate ̀ 4 against the peripheral area of 
slug 1 to hold the latter ñrmly in position during draw 
ing. An opening 8 in plate 4 permits access of draw 
mandrel 9. The mandrel 9 is mounted on guide plate 7 
and bushing 11. The outerl end 12 of the mandrel 9 
is adapted to engageagainst the central portion of slug 
1 and by movement of mandrel 9 to draw the plastic 
material to tubular form as at 13. The mandrel 9 car 
ries a disc 14 near its outer end, the disc 14 serving to 
determine the width of the tubular form and to maintain 
.the walls of the tubular form while being drawn, out of 
contact with metal so that the plastic is free to orient. 
The preferred structure ofthe outer end of the mandrel 

is shown in Figure 3. As there indicated, the outer end 
of the mandrel is formed with aretractable nose 15 which 
is positioned at its inner end 16 within recess 17 in the 
mandrel 9. A spring 18 within recess 17 seats at one 
end against the inner wall 19 of recess 17 and at the 
other end against the inner end 16 of nose 15 to force 
the latter normally in an outward direction into contact 
with the plastic 20 being drawn into tubular form, the 
latter having closed end 21 and side walls 22, the drawn 
side wall naturally assuming a concave shape. Disc 14 
has a circular tangential surface 23 for purposes here~ 
inafter set forth. ‘ 

A female header 24 is provided having mold cavity 25 
formed therein with a circular tangential surface 26 
adapted to cooperate with tangential surface 23 on disc 
14 of the mandrel 9. A movable piston 27 reciprocates 
centrally and longitudinally within a channel 28 in 
header 24. The end of piston 27 is adapted to move 
into cavity 25 for purposes hereinafter set forth. 
As shown vin Figure 2, when the drawing operation has 

been conducted for a fraction only of the total drawing 
movement ultimately contemplated (for example say 
l/z"), the plastic has been drawn into the position shown 
in the upper partof Figure 3, and formed around the 
nose and disc. At this point, female header 24 is brought 
into close contact as shown in Figure 4, and header 24 
is held in position. The metal of tangential wall 26 con 
tacts plastic 21 and compresses it against tangential wall 
23. The plastic is thus shaped at this area to form the 
shoulder desired in the ultimate collapsible tube, and as 
it is shaped or molded, it is chilled or frozen (set) by 
the contact with metal wall 26. It will however be noted 
that the sheath of plastic around the nose does not at 
this point contact with any portion of female header 24 
and therefore it does not freeze.' ' 
As soon as the setting of 'header'24 and freezing of 

theshoulder plastic is complete (which may occupy about 
a lé" of travel) piston >27 in header 24 is raised as 

' shown in Figure 5, so that end 29 of piston 27 enters 
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cavity 25 and contacts the hot plastic exerting a consid 
erable amount of pressure on piston 27 and partly due 
to spring 18 that is holding retractable nose 15 in place. 
`Sutì’icient pressure is however applied to the piston to 
overcome the resistance of spring 18 with the result that 
nose 15 is gradually forced into the mandrel cavity 17. 
The plastic' which is still unfrozen has to go somewhere. 
It compresses, welds into a homogeneous mass, and fills 
out the space left between nose 15 and the neck form 
ing portion 30 of cavity 25. If the internal wall of neck 
forming portion 30 is threaded as shown at 31, the 
plastic will be forced into such thread mold to form 
threaded neck 320m the plastic in the cavity. At the 
same time that neck 32 is formed, the chill of the 
metal immediately freezes the ̀ plastic to form a rigid 
neck integral with a rigid shoulder all molded as an 
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integral unit on the tubular form. The rapidity of chill 
ing of the shoulder determines the character of the shoul 
der. The quicker this chilíing is brought about, the 
heavier is this portion of the finished tube. If there is 
no chilling, then the shoulder and wall have approxi 
mately the same thickness. 
Thus the plastic has been chilled at the neck and 

shoulder portion and is held securely at the other end 
between plates 2 and 4. The mandrel 9 then continues 
with the drawing carrying header 24 in set position, 
until the drawing movement is complete to the extent 
shown in Figure 6. At this time the tubular form has 
the length desired for the finished collapsible tube, the 
wall 33 of the tubular form being concave as there 
shown. The second drawing phase is possible because 
the plastic of the wall is still at drawing temperature. 
This drawing operation Orients the plastic to give it 
strength and flexibility. It has been found that the 
drawing of the plastic takes place from the wall of the 
tubular form only, since the neck and shoulder portions 
have been frozen. As a result the tubular wall may be 
drawn to any desired length within reason, and while 
being so drawn under the conditions set forth, the depth 
of the tube wall which results is substantially uniform 
over the entire length of the tube. 
When the unit consisting of mandrel 9, female header 

24 and piston 27 reaches the bottom or end of the stroke, 
means are provided as shown in Figures 2 and 7 for 
expanding the concave wall 33 to forml a straight side 
wall. For this purpose a metallic cylindrical tube 34 
(Figure 2) is placed around the concave wall 33 of 
the tubular form (Figure 7). A plug 35 on mandrel 
9 has moved thereon to close the open end of tha tubu 
lar form. Air or other fluid under pressure is introduced 
through a passage 36 and passes into the interior of 
the tubular form through opening 37, expanding the 
concave wall into contact with tube 34 which produces 
the desired shape and freezes the shaped plastic. The 
air pressure is then released, the tube 34 is dropped or 
moved out of contact with the shaped collapsible tube 
preform, the plug 35 withdrawn, and the female header 
24 removed. The latter may be rotated to unscrew it 
from the threaded neck if a thread is present; or if a 
two part die is used, the latter is opened and the header 
removed. The collapsible tube preform is now complete 
and may be severed at its open end from the portion 
which 'was clamped between plates 2 and 4. 
When desired, a channel in neck 32 communicating 

with the interior of the tubular form, may be produced 
by having a pin 38 fitted into the end of piston 27 and 
in the final closing of the die when the neck 32 is being 
formed, the pin 38 presses upwardly into the thin end 
Wall 39 of the neck 32 against the nose 15 of the mandrel 
9 as shown in Figure 5 so that a very thin disc 40 is 
punched out into the neck 32 of the collapsible tube. 
The thin disc 40 is ejected when the piston 27 moves 
downwardly to permit the nose 15 to act for that pur 
pose, the disc 40 adhering to the pin 38 and can be 
removed as being blown off when the forming die is 
opened. 

Having thus set forth my invention, I claim: 
1. The method of drawing plastic to tubular form 

which comprises positioning a heated solid slug of trac 
tile plastic material for drawing, confining the peripheral 
lip of said slug against movement and drawing the ma 
terial from the unconfined portion of the heated slug 
to form an elongated one piece thin rwalled tube having 
a closed end, the wall of the tube being unconfined dur 
ing the drawing operation. 

2. The method of claim 1 in which the plastic is 
polyethylene and the slug is heated to drawing temper 
ature. 

3. The method of claim l in which material of the 
slug is drawn to a depth several times the width of the 
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6 
slug and approximating that of the length of a collapsi 
ble tube. 

4. The method of claim l in which the drawing oper 
ation is carried out by a mandrel, the end only of which 
is in contact with the plastic and impinges during draw 
ing against the center of the material undergoing draw 
ing, the mandrel carrying a disc near the end of the 
mandrel, the peripheral edge of which disc impinges 
against the side walls of the drawn tube. 

5. The method of claim l in which the plastic is poly 
vinylidene chloride and the slug is heated to drawing 
temperature. 

6. The method of claim 1 in which the plastic is 
nylon and the slug is heated to drawing temperature. 

7. The method of claim l which includes the step 
of shaping the closed end of the tubular form to pro 
duce a threaded neck thereon integral with the tubular 
form. 

8. The method of claim 7 which includes the step of 
piercing the threaded neck longitudinally to provide a 
channel therethrough communicating with the interior 
of the tubular form. 

9. The method of claim 1 in which the closed end 
of the tubular form is shaped to produce a restricted 
neck thereon integral vwith the tubular form. 

10. The method of claim l in which the walls of the 
tube are blown to desired final shape by fluid under 
pressure introduced within the tube. 

11. The method of claim 10 in which the closed 
end of the tubular form is shaped to produce a re 
stricted neck thereon integral with the tubular form. 

12. The method as set forth in claim 1 including draw 
ing the tube in a first step to an extent approximating 
a fraction of its final length, then shaping the closed end 
of the tubular form to produce a restricted neck there 
on integral with the tubular form, chilling the formed 
neck, and completing the tube drawing operation. 

13. The method as set forth in claim l2 wherein the 
neck shaping and chilling operation includes first mold 
ing and chilling a shoulder of plastic which joins the 
neck to the wall of the tube, and then shaping and 
chilling the neck thereon ‘with a threaded external sur 
face. 

14. The method of claim 13 in which the tubular form 
is finally blown to desired final shape by fluid under 
pressure introduced within the tube. 

15. The method of claim 13 in which the neck is 
molded with a threaded external surface. 

16. The method of claim 15 in which the tubular form 
is finally blown to desired final shape by fluid under 
pressure introduced within the tube. 

17. In apparatus for drawing tractile plastic to tubular 
form, means for peripherally gripping a solid slug of 
tractile plastic material, and means for drawing the 
material from the unconfined portion of the slug to form 
an elongated tube having a closed end, the drawing 
means having no contact with the walls of the tube 
during drawing. 

18. The apparatus of claim 17 in which the drawing 
means includes a mandrel having an end adapted to 
engage the center of a slug placed in position for draw 
ing, the mandrel carrying a disc near the end of the 
mandrel which disc is adapted to engage against the 
side walls of the tube. 

19. The apparatus of claim 18 in which the mandrel 
has a longitudinal recess, a reciprocable nose member 
in said recess to form the slug engaging end on the man 
drel, the inner end of the nose member reciprocating 
within the recess, a spring within the recess engaging the 
inner end of the nose member normally to force it out 
wardly, the disc carrying a centrally disposed opening 
through which the nose member moves with respect to 
said disc. 

20. The apparatus of claim 19 which includes a female 
header having a mold cavity to receive the nose mem 
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ber and to cooperate therewith in molding plastic car 
ried by the nose member into the mold cavity. , , y, 

21. The apparatus of claim 20 in which the female 
, header has shoulder forming walls to cooperate withl the 
disc to produce a shoulder on plastic carried into the 

_ mold cavity by the nose member. 
22. The apparatus of claim 21 in which the wall 

forming ̀ the mold'cavity of the female header has a 
neck forming portion to cooperate with the nose mem 
ber to form a restricted neck from plastic carried into, 
the mold cavity by the nose member. 

23. The machine of claim 22 in which the female 
header carries a piston reciprocable thereon into the neck 
forming portion of the mold cavity to form the neck, 
whereby the neck may be shaped after the shoulder 
has been formed. 

24. The apparatus of claim 23 which includes a me~ 
tallic tube movable into position to surround a drawn 
plastic tube, when formed on the machine, the mandrel 
having a plug movable thereon to seal the end of a ` 
drawn plastic tube when formed on the machine, the 
mandrel having a passage leading to the interior of the 
plastic tube to conduct a ñuid under pressure within the 
plastic tube to expand the latter into contact with the 
metallic tube to shape the plastic tube to ñnal form. 

25. The apparatus of claim 17 which includes a me 
" tallic tube movable into position to surround a drawn 
plastic tube when formed on the machine, the mandrel 
having a plug movable thereon to seal the end of a 
.drawn plastic tube when formed on the machine, the 
mandrel having a vpassage leading to the interior of 
the plastic 4tube to conduct a fluid under pressure within 
lthe plastic tube to expand the latter into contact with 
the metallic tube to shape the plastic tube toñnal form. 

26. In apparatus for drawing plastic to tubular form, 
a movable mandrel reciprocable through a distance equal 
to the length of an elongated tubular form, the mandrel 
having a longitudinal recess, a reciprocable nose mem 
ber in said recess to form a plastic engaging end for the 
mandrel, the inner end of the nose member reciprocat 
ing within said recess, a spring within the recess engag 
ing the inner end of the nose member normally to force 
it outwardly, and a disc carried on the end of the mandrel 
to close the recess therein, the disc having a centrally 
disposed opening through which the nose member may ff 
Vmove with respect to the disc. 

27. In apparatus having a mandrel as set forth in 
claim 26, a female header having a mold cavity to 
receive the nose member and to cooperate therewith in 
molding plastic carried by the nose member into the 
mold cavity._ 
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. 28. The apparatus of claim 27 in which the female 

header has shoulder >forming walls to cooperate'v with 
the disc to produce‘ïa‘shoulder on plastic carriedvinto 
.the mold cavity by the nose member. 

29. The apparatus of claim 28 in which the wall form 
ing the mold cavity of the female' header has a neck 
forming portion to cooperate with the nose member to 
torina restricted neck from plastic carried into the 
'm’old'cavity by the nose member. 1 

l0 „ 

' `header carries a piston reciprocable thereon into the 
3_0. The machineuof claim 29 in which the femal 

neck forming. position of the mold cavity to form the 
neck, whereby the neck may be shaped after the shoulder 
has been formed.` > 

31. In apparatus for drawing plastic to tubular form, 
a female header having a mold cavity and a channel 
connecting therewith, tapering walls extending outwardly 
from said channel to constitute in part the mold cavity, 
and a piston reciprocable from within the channel into 
the mold cavity to force plastic introduced into said 
cavity into contact with molding surfaces thereof, and a 
means for operating with the female header to draw 
the plastic into tubular form and to force it into said 
mold cavity. 

32. Apparatus having a female header as set forth 
in claim 31 in which the mold cavity has a thread form 
ing portion to mold a threaded external surface on plastic 
molded therein.A 

References Cited in the ñle of this patent e , 

UNITED STATES PATENTS 

v1,509,302 Larsen __'-e __________ __ Sept. 23, 1904 
1,185,177 Costella ____________ _- May 30, 1916 
1,754,496 Barker ______________ __ Apr. 15, 1930 

1,815,721 vMcGraw ____________ __ July 21, 1931 
1,879,555 Simmons ____________ _- Sept. 27, 1932 
1,966,877 Whitte ______________ __ July 17, 1934 
2,129,839 Henderson __________ __ Sept. 13, 1938 
2,176,109 Rotay ______________ __ Oct. 17, 1939 
2,210,509 Strauch ______________ _- Aug. 6, 1940 
2,396,635 Bogoslowsky _________ .__ Mar. 19, 1946 

' 2,403,042 Bogoslowsky _________ _e July 2, 1946 
2,418,874 1 Gary _______________ _; Apr. 15,'-19217 
2,443,053 Parmelee ____________ __ June 8, 1948 
2,468,697 Wiley ______________ __ Apr. 26, 1949 
2,484,656 Sikka et al ___________ __ Oct. 11,1949 
2,562,523 Brunet ______________ __ July 31, 1951 

Pardee etal __________ __ Nov. 30, 1954 2,695,423 


