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circumferential dimension to the ex- what larger apertures 67a serving to
entrap    trudate, i.e. 23.9 mm. The nominal aper- an annulus 125 of water
between the aper-    ture dimensions of the plates 55-66 for sizing  ture
and the extrudate which water annulus `  extrudate with the dimension just
mentioned  serves as a support means tQ prevent any 5 and taking into
account the fact that the  flexure in the advancing extrudate which if 70
extrudate in cooling will shrink, are a  occurring at this late stage in
the cooling    major diameter along the flats 67x of sub-  operation would
be of permanent character    stantially .331" and a minor diameter along
and impossible to remove by further pro-    the flats 67y of substantially
.303". The  cessing the extrudate  without rendering it 10 shaped extrudate
32 on  leaving the adapter unsatisfactory for itsintended purpose.   75
piece 21 has a tendency to twist or follow a    The function of sizing the
extrudate 32    somewhat helical course resulting  from  is in part
achieved by utilizing a pressure    motion imparted to it by the extruder
screw. differential which tends to expand the ex-      At the early stages
of cooling, that is, the  trudate radially outwardly to enlarge its- 15
initial course of travel of the extrudate  circumferential dimension, while
simultane- 80    through the cooling chamber, it is essential ously
constraining the external surface of    that the extrudate be alternately
sized and  the extrudate along a succession or series of    exposed to
cooling medium along substan-  longitudinal locations in the course of its
tially equal lengths of its course of travel. advance in accompaniment with
exposure to 20 Hence, the longitudinal spacing between  the cooling medium
to set the extrudate sur- 85    each of the successive sizing plates 55-60
in  face. The establishment of this differential    the first grouping of
sizing plates is substan-  of pressure is achieved by admitting static
tially equal and moreover the spacing be-  or atmospheric air interiorly of
the extrudate    tween the successive plates is at least equal through a
vent passage 25 extending through 25 but preferably slightly in excess of
the travel mandrel 26 and the body 22 of the extruder 90.    of the
extrudate 32 under constraint in pass-  unit in the manner as best seen in
Figure 1,    ing through successive ones of said plates. and by maintaining
the interior of the  cool-    In order to size the extrudate 32  properly
ing chamber 40 under an evacuated condi-    it is necessary that the
external surface har-  tion in the manner now to be described. The 



30 dens sufficiently and in controlled manner vacuum-coolant system denoted
generally at 95;    to hold the intended external dimension. 80 in Figure 1
maintains, as applicable to    This of necessity requires rapid and
extensive  sizing a polyethylene extrudate, a condition    transfer of heat
from  the thermoplastics  of vacuum of at least 20 inches of water
material of the extrudate to the cooling  within the chamber 40 and it
supplies cool 35 medium 50 in the cooling chamber. Thus, water to the
chamber for removing heat  100    it is required that the travel of the
extrudate  from the extrudate and it also recirculates    through chamber
40, which occurs at speeds  heated water from the chamber to a heat    in a
range of 160-200 feet per minute, in-  exchanger (not shown).  For
extrudates    clude an alternate pattern of exposure to  made from
materials previously mentioned 40 the cooling medium and constraint of the
herein and in order to achieve circumferen- 105    extrudate to produce in
it  the prescribed  tial dimension in the range prescribed while
circumferential dimension in correspondence  operating in a production
speed range of    to the setting of the surface portion. As  at least
160-200 feet per minute, the bath    the advance of the extrudate
progresses, the  temperature must be maintained in the tem- 45 degree of
setting of the extrudate surface is  perature range 75[err]F. to 85[err]F.
but prefer- 110    concurrently  and controlledly increased and  ably
75[err]F. to 80[err]F. It should be under-    hence the second grouping  of
plates 61-66  stood that the establishment and mainten-    can be arranged
with the greater longitudinal ance of proper cooling bath temperatures in
spacing indicated in Figures 1 and 2. By  accordance with the present
invention is 50 the time the extrudate in the course of its  essential to
producing properly sized rod. 115    advance arrives at the end of the
sizing  Thus the cooling bath is maintained at a    die assembly, the
surface portion generally  particular temperature not merely to provide
has achieved sufficient hardness to make the  for heat transfer from the
heated extrudate    further use of sizing rings unnecessary. In  but to
present a specific cooling sink level 55 other words, an external
circumferential associated with effecting proper dimension- 120
dimension within the prescribed range of ing of the rod. Thus the extrudate
sizing    23.9 mm. [err] .05 mm. has been achieved. must be achieved in a
bath of predetermined    However, it is preferable that in the con-
controlled temperature which temperature    tinued passage of the extrudate
through the  must also be maintained in the sizing plates 60 cooling
chamber it have some measure of 55-67. If the extrudate was sized in a bath
125    support as further cooling of the extrudate  maintained at less than
75[err]F., the set of the    material progresses. Thus there is employed
surface of the extrudate would occur at a    plates 66, 110-112 which are
provided with  rate too quick to allow for accurate dimen- 



apertures 67a of somewhat greater size than  sioning within the heretofore
mentioned 65  the apertures in the plates 55-65, the some- tolerance of
0.4%. Similarly, sizing in a 130               6
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temperature greater than 85[err]F. is  changer to the sump occurring
through inlet    difficult particularly with respect to accuracy  pipe 87.
The cooling system also includes    of dimensioning possible therein.
a second pump 88 which returns the supply      In sizing the mouthpiece
tubing shown  of cool water to the chamber 40. the dis-  in Figure 5, the
sizing in effect is achieved  charge being from a cooling ring 90 sup- 70
with a controlled differential shrinking of ported in the cooling chamber
adjacent end    the flutes 14 and grooves 12. The flutes 14  wall 43. The
cooling ring is an annular    shrink and set first followed by a pulling
pipe provided with a circle of ports designed    away or shrinking of the
grooves 12. Fur- to provide issuance laterally therefrom of a 10 ther
understanding of the latter will be had  cooling spray 91 from the ring
against the 75    by reference to Figure 6 which shows the  adjacent inner
side of end wall 10. The    manner in which the fluted surface of the
cooling ring is positioned in the chamber in    extrudate 32 shrinks on
being cooled within  this manner to produce turbulence within    the
cooling chamber. The extrudate leaves  the cooling medium at the entry end
of the 15 the adapter piece 21 of extruder body 22  bath to provide
positive water circulation 80    with protuberant surface projections 201
in this region for stabilizing the bath tem-    formed thereon in the
pattern as shown in  perature in the predetermined controlled    dashed
lines in Figure 6. In the course of range of 75[err]F. to 85[err]F. at the
entry end.    the passage of the extrudate through the    On leaving the
cooling chamber 40, the 20 cooling chamber and through the sizing
extrudate 32 passes between the rotating 85.    plates 55-66 and most
particularly in the  belts 71, 72 of suitable puller device 70    region of
first entry into the cooling bath, which feeds the extrudate through a
cutting    cooling takes place at a greater but pre- unit (not shown)
wherein the continuous 



determined rate at the tips 201 of the flutes  length extrudate is cut into
sections of length 25 than at the grooves 225 between said flutes. more
suited  for further processing  in 90    This necessary and deliberately
produced  cigarette making machinery.    differential of cooling rate
between the tips    The extrudate 32 is shown in Figure 1 as    of the
flutes and the grooves must be  entering the puller device 70 shortly after
achieved to set the extrudate surface pro- exit from cooling chamber 40.
However, 30 perly and thereby accurately to control its it is possible also
to employ additional cool- 95    dimensioning. The foregoing will be fur-
ing chambers for accurately and progres-    ther understood in considering
that normally  sively cooling the extrudate, this being done    the
extrudate shell as the grooves would set subsequently to completion of the
sizing of    first because of its lesser thickness which  the extrudate
external surface. Thus for 35 more readily yields heat than the shell at
the  example, polyethylene  extrudate  issuing 100    flutes which has a
greater wall thickness. from cooling chamber 40 may first transit    But
since setting of the tips of the flutes for a second cooling chamber (not
shown)    dimensioning control is more important than  wherein the bath
temperature is maintained    setting at the grooves, cooling of the latter
at substantially 65[err]F. and under a vacuum 40 is retarded or
deliberately lessened with re- of 20 inches of water before entering the
105    spect to that at which the flute tips are  puller device. However,
it will be under-    cooled. For that purpose and as shown in  stood that
setting of the surface of the    Figure 6, greater space is provided in the
extrudate and hence accurate sizing of same    sizing plate aperture teeth
confronting the  takes place within the chamber 40. 45 tips of the flutes
as at 250 than is provided    The achievement of accurate dimension- 110
in the space 252 confronting the grooves. ing of the extrudate within the
prescribed    Approximately 50% of the total shrinkage  range of 0.4%  of
the intended circum-    of the flutes occurs immediately upon entry
ferential dimension is effected by precisely    of the heated extrudate
into the cooling  controlling various system  parameters as 50 chamber 40.
well as employment of certain essential 115      As seen in Figure 1, the
devices of the  processing techniques.  More particularly,
vacuum-coolant system include an aspirator  the following conditions and
procedures    81 having an intake line 82 extending up- must be observed:
wardly into the cooling chamber to the sur-   1. The temperature of the
heated extru- 55 face level of the liquid in the chamber. The  date leaving
the adapter piece 21 should 120    venturi of the aspirator is supplied
with a  be maintained at the requisite level.    jetting flow by means of
pump 83 taking    2. Sizing of the heated extrudate should 



suction from a water sump 84. Discharge  be initiated in a cooling bath of
exact pre-    from the aspirator 81 which includes water determined
controlled temperature which for 60 and air aspirated from the cooling
chamber low density polyethylene should be 75[err]F. 125    is returned to
the sump by means of pipe  to 85[err]F.    85. The discharge from the pump
83 also   3. The cooling bath should be maintained    includes a branch as
at 86 which leads to  under a condition of vacuum of prescribed    a
suitable heat exchanger (not shown), the  level. 65 return flow of cool
water from the heat ex-   4. External constraint should be applied 130
1250940                                          7                 to the
extrudate at a series of spaced loca-  to cause controlled shrinkage of the
tube                tions along the course of the extrudate travel upon
first entry hereof into said bath              in the cooling bath.
2. A method according to claim 1, where- 50 5. Positive circulation of
liquid in the  in the extruded tube is formed of polyethy-              5
cooling bath at the entry end thereof should  lene, and the bath of liquid
coolant is main-                be provided to ensure an accurate constant
tained at a temperature between 75[err]F and                sink
temperature at this location of the  85F.                cooling bath since
50%  of the surface set   3. A method according to claim 2, where- 55
occurs immediately upon the entry of the  in the bath of liquid coolant is
maintained             10 extrudate therein.                         at a
temperature between 75[err]F. and 80[err]F.                  6. Cooling of
the extrudate should be at   4. A method according to claim 1, 2 or
a greater but predetermined rate at the tips  3, wherein the differential
of pressure be-                of the flutes than at the grooves between
the  tween the interior of the tube and the 60                flutes.
liquid coolant is established by communi-             15  WHAT WE CLAIM
IS:-                        cating the interior of the tube with atmo-
1. A method for forming thermoplastics  sphere, and maintaining the bath of
liquid   tubing having an externally fluted surface  coolant under a
condition of vacuum of at                composed of an arrangement of
circularly  least 20 inches of water.              65 



spaced tips separated by grooves, the tubing    5. A method according to
any one of the             20 having a substantially uniform circumferen-
preceding claims, wherein the constraining                tial dimension
varying by not more than a  force is applied to the tube at a first group-
predetermined percentage from an optimum  ing of longitudinally spaced
locations which                intended dimension, said method comprising
are substantially equally spaced and at a 70                extruding an
externally fluted tube of ther-  second grouping of locations which are
25 moplastics material; cooling the tube at a  spaced at progressively
increasing distances               grater but predetermined rate at the
tips of in the direction of advance of the tube.               the flutes
than at the grooves therebetween    6. A method according to claim 5.
where-               by advancing the tube, while submerged, in the
distance between the locations of said 75   through a bath of liquid
coolant and in  second grouping increase in a geometric             30
contact with the latter to effect setting and  progression.
shrinkage of the surface of the tube; estab-    7. A method according to
claim 5 or 6.                lishing a differential of pressure between
further comprising forming an annulus of                the interior of the
tube and the liquid cool-  liquid at each of a plurality of longitudinally
80                ant to tend to expand the tube radially, the  spaced
locations downstream of said second   35 cooling being effected at least in
part while  grouping of locations, and supporting the
constraining force is applied to the outside  tube on each annulus of
liquid.   surface of the tube during  its passage    8. A method for
forming thermoplastics               through said bath to prevent
enlargement tubing, said method being substantially as 85               of
the tube beyond a predetermined limit, hereinbefore described with
reference to the             40 the constraining force being applied at a
accompanying drawings.    succession of spaced longitudinal locations    9.
Thermoplastics tubing  made by  a                along the course of
advance of the tube; method according to any one of the preced-
and maintaining said bath of liquid coolant ing claims.
90                at least in the region where the tube first        J. A.
KEMP & CO.,            45 enters the bath, at a predetermined con-
Chartered Patent Agents,                trolled temperature, causing
transfer of heat       14, South Square,                from the tube at a
controlled rate sufficient   Gray's Inn, London, W.C.1.            Printed
for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed. 1971           Published at the Patent Office, 25
Southampton Buildings, London WC2A  1AY from which copies
may be obtained.  
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7        to the extrudate at a series of spaced loca-  to cause controlled
shrinkage of the tube       tions along the course of the extrudate travel
upon first entry hereof into said bath.     in the cooling bath.
2. A method according to claim 1, where- 50     5. Positive circulation of
liquid in the  in the extruded tube is formed of polyethy-     5 cooling
bath at the entry end thereof should  lene, and the bath of liquid coolant
is main-       be provided to ensure an accurate constant tained at a
temperature between 75[err]F and       sink temperature at this location of
the  85F.       cooling bath since 50%  of the surface set   3. A method
according to claim 2, where- 55       occurs immediately upon the entry of
the  in the bath of liquid coolant is maintained    10 extrudate therein.
at a temperature between 75[err]F and 80[err]F.         6. Cooling of the
extrudate should be at   4. A method according to claim 1, 2 or       a
greater but predetermined rate at the tips  3, wherein the differential of
pressure be-       of the flutes than at the grooves between the  tween the
interior of the tube and the 60       flutes.
liquid coolant is established by communi-    15   WHAT WE CLAIM IS:-
cating the interior of the tube with atmo-         1. A method for forming
thermoplastics  sphere, and maintaining the bath of liquid       tubing
having an externally fluted surface  coolant under a condition of vacuum of
at       composed of an arrangement of circularly  least 20 inches of
water.              65       spaced tips separated by grooves, the tubing
5. A method according to any one of the    20 having a substantially
uniform circumferen-  preceding claims, wherein the constraining       tial
dimension varying by not more than a  force is applied to the tube at a
first group-       predetermined percentage from an optimum  ing of
longitudinally spaced locations which       intended dimension, said method
comprising  are substantially equally spaced  and at a 70       extruding
an externally fluted tube of ther-  second grouping of locations which are
25 moplastics material; cooling the tube at a  spaced at progressively
increasing distances       grater but predetermined rate at the tips of in
the direction of advance of the tube. 



the flutes than at the grooves therebetween   6. A method according to
claim 5. where-       by advancing the tube, while submerged, in the
distance between the locations of said 75       through a bath of liquid
coolant and in  second grouping increase in a geometric    30 contact with
the latter to effect setting and  progression.       shrinkage of the
surface of the tube; estab-    7. A method according to claim 5 or 6,
lishing a differential of pressure between  further comprising forming an
annulus of       the interior of the tube and the liquid cool-  liquid at
each of a plurality of longitudinally 80       ant to tend to expand the
tube radially, the  spaced locations downstream of said second   35 cooling
being effected at least in part while  grouping of locations, and
supporting the      constraining force is applied to the outside tube on
each annulus of liquid.      surface of the tube during  its passage    8.
A method for forming thermoplastics      through said bath to prevent
enlargement tubing, said method being substantially as 85      of the tube
beyond a predetermined limit, hereinbefore described with reference to the
40 the constraining force being applied at a  accompanying drawings.
succession of spaced longitudinal locations   9. Thermoplastics tubing
made by  a       along the course of advance of the tube; method according
to any one of the preced-       and maintaining said bath of liquid coolant
ing claims.                               90       at least in the region
where the tube first        J. A. KEMP & CO.,   45 enters the bath, at a
predetermined con-         Chartered Patent Agents,       trolled
temperature, causing transfer of heat       14, South Square,       from
the tube at a controlled rate sufficient   Gray's Inn, London, W.C.1.
Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed. 1971  Published at the Patent Office, 25 Southampton
Buildings, London WC2A 1AY from which copies
may be obtained.    


