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such a manner that an initially extruded tubular cross-section can be
restored. To this end, con- This invention relates to the use of
thermoplas-  trolled heat may be applied to establish a softened tic liners
within pipe lines, either initially or as a  condition of the thermoplastic
material after its ex- repair, for protecting the internal walls from
deterio-   5   trusion, while simultaneously applying deforming ration. For
deteriorated or damaged piping, the       tools thereto in order to reduce
its cross-sectional liner restores the fluid transporting capability of the
configuration. When  the  desired  reduction  is piping and prevents
further interior deterioration.   achieved, heat may be withdrawn and the
finished One such liner for protecting the interior of      product of
continuous length is then stored on pipe is taught by French Patent No. 81
07346   10  spools for storage, transport and subsequent in- dated April
13, 1981.                                 stallation. EP-A1-0 098 547
discloses improvements re-            These objects are attained by a multi
stage lating to the lining of passageways. In particular,   method for
deforming a pipe liner having a tubular this application pertains to the
lining on side of    cross-section and being made of a plastic material,
pipelines, wherein prior to the lining itself a lining   is   wherein a
deformable section of said cross-section tube formed from sheet material is
formed into a      is diametrically depressed inwardly and opposite pipe
and welded, deflecting the tube so that it is    side sections thereof are
collapsed to form double- deflected into smaller diametrial size and
holding    wall configurations, wherein the method comprises the tube in
the deflected condition. The method       the steps of sclosed is suitable
for material such as poly-   20      a) supporting an upper back-up section
of said propylene or other material having a plastic mem-
cross-section; ory, and it is stated that polypropylene of a thick-     b)
depressing said cross-section at a lower sec- ness of 1/8 " (3 mm) appears
to give satisfactory       tion and along a center plane of symmetry to
characteristics.                                         form a fold; It is
a general object of this invention to provide   25  c) increasingly
depressing said lower section methods and apparatus for the manufacture of
a           and progressing said fold inwardly into a jux- deformed tube
product useful as pipe liners of the      taposed relation to the inside
wall of the tubular type disclosed in the Laurent patent.
cross-section; wherein lower extremities of said The present method of
manufacturing a de-            opposite side sections are bent inwardly;
and formed tube product involves deforming a tubular   30    d) reducing
the cross-sectional configuration by pipe liner into a reduced
cross-section for insertion    bending the opposite side sections of double
into a pipe as a liner therefor. The tubular pipe liner  wall configuration
inwardly to bring the lower may be continuously extruded prior to deforming
extremities into a juxtaposed relation to the cen- such a process is taught
by DE-A1-3 519 439, but         ter plane of symmetry. in this document
there is no multi-stage forming of   35  In a preferred embodibent of this
method, the the pipe liner. An optional feature of this method is  pipe
liner is delivered from extruding means at a the use of thermoplastic
material and its tempera-    raised temperature, collapsing to said
double-wall ture control at the successive stages of formation,
configurations is carried out at a reduced and con- ring extrusion into its
initial and subsequent       trolled temperature, and the collapsed tubular
form, during its deformation, and during its return   40   cross-section is
then brought to ambient tempera- to ambient usable condition upon
installation into    ture. the pipe. It is an object of this invention to
provide    In a further preferred embodiment of this meth- a method and
apparatus for the manufacture of         od, said plastic material is a
thermoplastic material, pipe liners in continuous deformed lengths which,
and said reduced and controlled temperature is a by suitable methods and
apparatus, may be in-   45   shape memory activation temperature above the
serted into pipe for subsequently returning the lin-  cristallisation
temperature, such that deforming is ers in the pipe to their original
unstressed extruded  conducted below fluidity of the thermoplastic ma-
cross-section. In practice, the liner configuration   terial. The
thermoplastic material may be a high has an outside diameter equal to or
slightly greater  density polyethylene, Nylon, Teflon[err] or ABS ma- than
the inside diameter of the pipe to be pro-   so  terial, and said reduced
and controlled temperature tected, whereby the liner is either unstressed
or     may be 71 to 82[err] (160 to 180[err] under slight circumferential
compression; either of       The above mentioned objects are further at-
which conditions is readily accommodated by the       tained by an
apparatus for deformimg a pipe liner plastic liner which relies upon the
surrounding pipe  having a tubular cross-section and being made of a for
its structural support.                      55   plastic material, the
apparatus comprising It is another object of this invention to deform
a) at least one revolvable first shaping roller; and an initially extruded
tubular cross-section without      b) one pair of revolvable second shaping
rollers adverse effect on its structural integrity, and in      laterally 2
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vertical axes at opposite sides of a    providing a deformed tube. As
pointed out above, center plane of symmetry and having a concave       this
deformation may be conducted in the presence curvilienar spool-shape to
engage and depress       of controlled heat substantially below fluidity of
the opposite side sections of said pipe liner cross-   thermoplastic
material and such that the plastic is section toward said center plane of
symmetry;  5   deformed without adversely effecting its structural and
which is characterized by                         integrity, whether in its
deformed condition or in its c) at least one revolvable back-up roller dis-
subsequently re-established initial condition. Prefer- posed on a
horizontal axis parallel to the axis of  ably, rollers are used to deform
an initially extruded said first shaping roller and in opposition to said
tube. In practice, the deformation is gradual, step shaping roller; wherein
10   by step, utilizing combined pairs of opposed shap- d) the back-up
roller has a concaved spool-        ing rollers. A feature hereof is the
lateral collapse shape at the center plane of symmetry conform-      of the
tubular extrusion over a forming rail, by ing to a substantially
semi-circular back-up sec-   means of opposed shaping rollers that embrace
the tion of said pipe liner cross-section; and          forming rail. The
finished product is then cooled to e) the first shaping roller has a convex
fold   15  ambient temperature during and/or upon its deliv- initiating and
shaping perimeter at the center      ery from the forming rail, as by means
of a cooling plane of symmetry to depress a deformable          trough.
Heating and cooling is by means of heat section of said pipe liner
cross-section diamet-    adsorption or radiant heating, and preferably by
rically toward the back-up section (12) thereof     temperature controlled
water baths or spray. along the center plane of symmetry, thereby   20
The present day commercial demand for this creating double-wall
configurations.                pipe liner is a product ranging from 2
inches to 24 In a preferred embodiment of this apparatus,      inches in
diameter. The wall thickness will vary in the second shaping rollers have
juxtaposed side       proportion to diameter as circumstances require.
flanges capturing the deformed pipe liner cross-      Accordingly, there
will be variations in the process section, the apparatus further comprising
a rail  25  steps Involving the plurality of shaping means dis- conforming
to the shape of inner walls of said        closed herein as shaping rollers
and back-up roller, double-wall configurations, the rail having sliding
whereby at least one side of the tubular extrusion engagement therewith.
is deformed as required. That is, the number of A further preferred
embodiment is character-       shaping means and the step by step degree of
ized by a plurality of back-up rollers and a plurality   30   deformation
is variable, depending upon the size of first shaping rollers, wherein the
first shaping   and wall thickness and material to be deformed. A rollers
have shaping perimeters disposed for in-      feature of this method and
apparatus is that the crementally progressive deforming steps.
product may be pulled out of the extruder and from Still another preferred
embodiment is charac-     the deforming tool, for delivery to a storage
spool, terized by an arrangement of three back-up rollers   35  in a
controlled manner, whereby the cross-sectional and four first shaping
rollers on spaced and parallel  configuration of the deformed tube product
is uni- horizontally disposed axes, with the first shaping    form  and
within specified dimensional tolerance. rollers being disposed lowermost
and the back-up      With respect to variations in size and tolerances,
rollers being disposed over the first shaping rollers,  and especially with
respect to larger diameter pipe wherein the four first shaping rollers have
shaping   40  liners, it is an object of this invention to provide
perimeters disposed for four incrementally progres-   pulling traction on
the tube during its process of sive deforming steps.
deformation, and applied to the shaping means, While a U-shaped reduced
tubular configura-        disclosed herein as powered rollers. In practice
tion is particularly shown and described, it is to be  torque is
independently applied to the shaping and understood that a V-shape or other
cross-sectional   45   back-up rollers, so as to ensure uniform advance of
configurations may  be used, whether they be H-       the deforming tube
product. shaped or X-shaped, or the like. The U-shape, or          The
product herein disclosed may be thermo- V-shape, is presently considered to
be the most       plastic pipe liner that is reduced from its initially
practical and preferred configuration for such a      extruded
cross-section, so that it can be easily tube product.
50   pulled inside a pipe line and then restored to its In carrying out
this invention, the deformation    initially extruded cross-section.
Assuming pipe to of said tubular pipe lines - which is preferably an   be
round in cross-section, the outside diameter of initially extruded tube of
e.g. cylinder form-pro-    an initially extruded and/or reformed liner tube
is gresses in a gradual manner, by shaping means.        the same or
slightly greater than the inside diam- That is, at least one side of the
pipe liner is  55   eter of the pipe that receives it, so that the liner
increasingly depressed so as to condition the tubu-   exterior comes into
perfect interface contact with lar extrusion for its lateral collapse into
a reduced  the pipe interior and preferably under slight circum- U-shaped,
or V-shaped, cross-sectional form; thus     ferential compression. This
interface contact of lin- 3    



5                 EP0301 697 B1                        6 er within and with
the pipe eliminates any annulus    3. Lining of internally corrodible pipes
will pro- therebetween, and so that the requirement of filling  vide
operators with longer life in both new and such an annulus is virtually
eliminated. A feature of  repaired pipelines, without costly total replace-
this liner is its thin-wall configuration made of a    ment of pipe
sections due to corrosion damage. thermoplastic  such  as  polyethylene,
nylon,   5    This will effectively reduce repair and main- Teflon[err]
ABS, or any other such plastic material,    tenance downtime and therefore
greatly reduce whereby the small loss of inside diameter of the
production loss. flow passage is largely compensated for by the        4.
Since the U-shaped liner can be inserted in exceptional flow coefficient
within the liner made of  very long sections, this method simplifies the
such a thermoplastic material. For new pipe line  10  often difficult and
much protested surface distur- projects, expensive pipe materials such as
stain-     bance of right-of-way in environmentally sen- less alloys can be
substituted with ordinary steel    sitive areas or across urban
concentrations of pipe, and lined with this product liner, thereby
people and traffic. realizing a cost saving of 1.5 to 2.2, together with
5. Although the normal use life expectancy of the improved fluid tolerance
properties of the plas-  is    the thermoplastic lining is up to one
hundred tic which can be selected to best advantage. Ac-      years,
unexpected damage can be repaired ec- cordingly, pipe lines which are
structurally sound    onomically due to the easy removal and re- need not
be replaced, since this product liner can    placement of the U-Liner and
its relatively mini- be installed and replaced as circumstances require.
mal cost. The thermoplastic insert U-Liner will The method and apparatus
herein disclosed for  20  restore corroded pipes to original flow quality
the manufacture of this product liner may involve a    and eliminate
further abrasion and corrosion primary step of extruding thermoplastic
tubing, and   damage to the steel pipe walls, thus substan- the secondary
step of deforming the thermoplastic     tially lengthening the economic
life of the in- tubing. The primary step of extrusion involves gen-
stallation. erally, an extruder that receives raw plastic material  25  6.
The process is simple, fast and cost effective, and delivers a tubular
cross-section through a        with minimum downtime. vacuum trough that
controls the processing tem-        In a preferred embodiment, the pipe
liner Is perature and precise configuration of the tubular  constructed of
high density polyethylene (HDPE), cross-section. The secondary step of
deforming the  which may be a Union Carbide DGDB-2480 Black precise tubular
cross-section involves generally, a   30  4865 compound  meeting the
requirements of multi-stage shaping tool that deforms the extrusion  ASTM
1248-81 a for Type PE 34 Class C product. It at controlled temperature and
delivers it through a  is characterized by a high level of environmental
cooling trough as the finished product liner. The   stress cracking
resistance and high strength. Ny- finished product liner is drawn from the
secondary  Ion, Teflon[err], ABS or any other such plastic ma- step by a
puller that controls the linear speed of  35  terial may also be utilized.
the production and maintains a constant wall thick-    The preferred HDPE
liner material has been ness of the finished product liner.
tested with over 280 chemicals that might be ex- By this invention, pipes
of between 2 and 24    pected to flow through a pipeline and the following
ches in diameter, and as long as two miles or     observations have been
reported relating to the more may be fitted with a continuous liner to  40
above identified HDPE which are particularly rel- provide ideal corrosion
protection in both new and  evant to this invention: existing corroded
pipes.                              (a) high resistance to [err] Other
advantages of this invention include:        (b) excellent for transporting
gases; 1. Structural characteristics of the pipe to be    (c)
cross-linkable to handle products at high relined are preserved while the
thickness of the   45    temperatures (250[err] U-Liner wall can be from
3.5 to 18 mm, depend-      (d) stability in aging; ing on design
requirements. The minimal re-        (e) low roughness coefficient of
0.020; duced inside diameter will be compensated by        (f) does not
retain deposits or sediments. the exceptional flow coefficient of the
thermo-      The invention as described herein has applica- plastic liner.
52  tions to many types of pipeline, including water and 2. In the case of
new pipe projects, the U-      mud injection; oil and gas; vapors and
fumes; sal- shaped liner can be used to avoid the need for   twater;
utility sewage and drainage; gas gathering expensive materials such as
stainless steel or   and distribution, etc. alloys for transport of highly
corrosive products.  In the method of the present invention for pro- In
most cases, the flow inside the plastic liner  55  ducing a deformed pipe
liner of tubular cross- will be more efficient than if stainless steel or
section having an outside diameter to fit into a pipe alloy pipes are used.
line and formed of plastic material for subsequent insertion into a pipe
line, the tubular cross-section 4    
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collapsed at a deformable portion thereof   FIGURES 2a, 2b, 2c, 2d and 2e
are sectional by folding it by depression diametrically toward an    views
of the extruded pipe liner in its sequential opposite side portion thereof
along a plane of bi-     stages of deformation, and showing in phantom
lateral symmetry about which opposite side sec-        line the cylindrical
configuration of the finished tions of the tubular cross-section bend into
double-   5  liner for comparison of the deformation in each wall
configurations with the fold juxtaposed to the    figure; opposite side
portion of the tubular cross-section;    FIGURE 3 is an enlarged
longitudinal sectional secondly, the opposite side sections of double-wall
view of the deformer apparatus which performs configurations are laterally
collapsed toward the      the method herein disclosed to deform extruded
plane of bilateral symmetry by bending the double-   10    thermoplastic
tubing; wall configuration of the opposite side sections,      FIGURES 4
through 9 are enlarged detailed thereby reducing the cross-sectional
configuration     sectional views taken substantially as indicated without
elongation and for insertion into a pipe line  by lines 4-4, 5-5, 6-6, 7-7,
8-8 and 9-9 in FIG- and reformation therein to its initial tubular cross-
URE 3; section to fit within the pipe line.            15       Referring
now to the drawings, this invention is There is further provided in
accordance with     concerned with lining new and old pipe lines with a the
present invention an apparatus for producing a   deformed tube that is
pulled into the pipe line and deformed pipe liner having a tubular
cross-section   then reformed to tightly fit therein. The tube can be and
formed of plastic material for subsequent in-    made of any suitable
material which will collapse sertion into a pipe line and then reformed to
the   20  and subsequently return to its original cross-sec- extruded
cross-section to fit the inside diameter of  tion, i.e., a plastic. In
practice, the pipe liner is a the pipe line, wherein the improved apparatus
is    thin-walled plastic sleeve extruded in continuous characterized by at
least one revolvable back-up     lengths and later inserted into pipe lines
for internal roller disposed on.a horizontal axis parallel to the
protection; for example to protect new pipe lines axis of and in opposition
to at least one revolvable  25  and to reconstitute deteriorated pipe lines
as well. shaping roller, the back-up roller having a concave
Accordingly, the pipe liner L as it is disclosed spool-shaped periphery
centered at a plane of bi-    herein is initially extruded so as to have an
exterior lateral symmetry to engage a back-up portion of      diameter at
least as large as the interior diameter the tubular cross-section, the
shaping roller having  of the pipe into which it is to be inserted, and a
convex fold initiating and fold shaping perimeter   30   preferably
slightly in excess of said pipe diameter at the plane of bilateral symmetry
to depress a      in order that the tubular pipe liner L is under slight
deformable portion of the tubular cross-section dia-  circumferential
compression when it is in operating metrically toward the back-up portion
thereof and    position in the pipe line. A feature of this invention along
the plane of bilateral symmetry about which    is the deformation of the
tubular pipe liner L, to opposite side sections of the tubular
cross-section   35   decrease its cross-section configuration for storage
bend into double wall configurations with a fold     and to facilitate its
insertion into a pipe. That is, the thereof juxtaposed to the opposite
back-up portion   original cylinder cross-section of the pipe liner L is of
the tubular cross-section and a pair of laterally  collapsed and later
restored, all without destroying positioned revolvable shaping rollers
disposed on    its dimensional properties. Therefore, the circular vertical
axes at opposite sides of the plane of   40  configuration of the pipe
liner L is not stretched, bilateral symmetry and each having a concave
even though the material is plastic and subject to curvilinear periphery to
engage and further depress  flow. In other words, the original cylindrical
cross- the double-wall configurations of the side sections  section
properties of the initially extruded pipe liner laterally inward toward the
plane of bilateral sym-  L are preserved in its deformed condition which
metry by bending the double-wall configurations of  45  enables its
Insertion into pipe lines and for its the opposite side sections, thereby
reducing the    subsequent reformation into its original cylindrical
cross-sectional configuration of the tubular cross-  cross-section. The
characteristic feature of this in- section and further collapsing the
opposite side     vention is that the initially extruded thermoplastic
sections thereof from a top dead center position     pipe liner L is shaped
and thereby deformed with- thereof coincidental with the plane of bilateral
sym-   50  out elongation, whereby its dimensional properties metry.
necessary for restoration are retained. Other objects and advantages will
become ap-         Referring now to the deformation of pipe liner L parent
from the detailed description of the invention  as shown in Figures 2a
through 2e of the drawings, which follows.
the initially extruded configuration is cylindrical, FIGURE 1 is a block
diagram  illustrating the   55  having inner and outer diameter walls 10
and 11. method of producing an extruded plastic pipe      As shown, there
is an upper back-up section 12 liner for restoration to its initially
extruded cross-  and a lower deformable section 13. The deforma- sectional
configuration;                          tion is bilaterally symmetrical and
disposed about a 5    



9                 EP 0 301 697 B1                   10 vertical plane a of
symmetry and about which the  as follows: firstly, a cylindrical tube form
is ex- tube formation is collapsed by means of bending   truded as shown by
phantom lines in Figures 2a end folding. Accordingly, there are opposite
side  through 2e, thereby establishing a uniform wall sections 14 and 15
which are established by a      section, and preferably of cylindrical
configuration. center fold 16 that inverts the lower deformable   5   The
top semi-circular portion, namely the back-up section 13 upwardly into
juxtaposed relation to the  section 12, is supported and the fold 16 is im-
inside diameter 10 of the back-up section 12.     pressed at bottom dead
center of the tube form in Therefore, each side section is comprised of a
side  alignment with the center plane of symmetry and wall depending from
top dead center of the tube   progressing upwardly and into juxtaposed
relation form and bent inwardly so as to continue upwardly  10  to the
inside wall 10 of the tube form at top dead to the center fold 16. It is
significant that the two  center thereof. It is to be understood that the
side sections 14 and 15 are thereby collapsed into  deformation process can
be performed on any an- double wall configurations which are further col-
gle, such as prescribed above on a dead center lapsed inwardly toward the
center plane a of sym-  bottom, but also from its side, top or any other
metry as clearly shown in Figure 2e which is the   15  angle. In this
process of deformation, the opposite desired product formation.
side sections 14 and 15 are turned and/or bent Referring now to Figure 1 of
the drawings, the  inwardly at their lower extremities 21 and 22, so entire
method of tube formation and deformation is  that the walls thereof
continue upwardly within their illustrated in Its general form. As shown,
there is an  respective inside walls 10 and to the fold 16 (see xtruder
means E followed by a cooling means C1   20  Figures 2a through 2d). that
delivers the tube form into a deformer appara-   The fold 16 is formed by
bending the tube tus D which performs the product deformation pro-  form
inwardly at bottom dead center thereof for cess. Following the deformation
process, the prod-  collapse along the center plane of symmetry. Si- uct is
then delivered through cooling means C2 so  multaneously with this
collapse, the lower extrem- as to establish it at ambient temperature for
deliv-  25  ities 21 and 22 of the side sections 14 and 15 are ery through
a puller means P and onto a storage  also inwardly bent as above described.
In practice, spool S or the like. The extruder means E is state  collapse
of the tube form is preferred in a multiplic- of the art and receives the
raw thermoplastic ma-  ity of steps, in order to conform gradually to the
terial and forces it through an extrusion die 17 at,  changing
configuration of the tube form and without for example, 350 * to 440[err]
using heating means   30  elongation of its cross-sectional configuration.
How- 18 to attain that temperature. The cooling means  ever, it is to be
understood that collapse as thus far C1 is state of the art, and preferably
a vacuum   described can be accomplished in a single step, cooling means
supported by a vacuum cooling unit  for example in small diameter tubing.
As shown, 19 and reducing the tube form temperature to, for  however, there
are four steps of collapse along the example, 260[err]. The deformer
apparatus D is sub-  35  center line a of symmetry, and each of which has
jected to heat control means H that maintains this  back-up against the top
section 12, it being the necessary deformation temperature of, for exam-
bottom section 13 that is deformed. ole, 260[err] The cooling means C2 is
state of the     The first step of collapse shown in Figure 2a it and
reduces the tube form temperature to am-   initiates the fold 16 by bending
and commences to bient, and it is supported, for example, by a cooling   40
bend the lower extremities 21 and 22. The suc- tower 20 or the like. During
the cooling period, the  ceeding, three steps of Figures 2b and 2c and 2d
shape of the deformed liner is to be maintained   progressively and
increasingly bend and move the until the pipe reaches an ambient
temperature.    fold 16 close to the inside wall 10 at the top dead This
shape can be maintained by outside pressure  center of the tube form and
simultaneously increas- such as rollers, caterpillars, or straps, or
maintained   45  ingly and progressively bend and move the lower by an
internal vacuum. The means C1 and C2       extremities 21 and 22 upwardly
as shown. Thus, include pump means for water recirculation, and it  the
tubular cross-section is reduced in its sectional is to be understood that
the aforementioned tem-  configuration. peratures can vary as circumstances
require. Puller   Referring now to Figure 2e of the drawings, a means P is
also state of the art and draws the   50  final step of collapse is
performed by bending the finished deformed tube product from the preceding
opposite side sections 14 and 15 inwardly toward apparatus, its pulling
force being controlled so as  the center plane of symmetry, in order to
reduce not to stretch or compress the tube form in the   the arcuate
configuration of said two side sections process of its deformation, and
thereby controlling  and so that they occur within the radius or outside
its wall thickness.                          55  diameter of the initial
tube form, and so as to clear Referring now to the method or process of
within the inside diameter of the pipe line into deforming a continuously
extruded tube form of    which the ultimate pipe liner L is inserted. A
feature plastic material, the steps thereof are sequentially  of this final
collapsing step is bringing together the 6    
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extremities 21 and 22 into juxtaposed   form wall upwardly along said plane
of symmetry. relation to the center plane of symmetry, and pref-  Shaping
roller R2 has opposite concaved side erably closer together than the
continuing tube   flanges 38 that embrace the lower extremities 21 walls
upstanding therefrom to the bends of fold 16.  and 22 of the side sections
14 and 15. The perim- Referring now to the preferred form of appara-   5
eters of roller flanges 36 and 38 are somewhat tus for deforming a
continuously extruded tube    spaced and guide the tube form therebetween.
form of plastic material, see Figure 3 and the        Shaping roller R3
(see Figure 6) is character- following sectional views Figures 4 through 9.
It will  ized by its convex fold shaping perimeter 47 at the be observed
that there are five collapsing steps  center plane of symmetry to further
shape the tube performed thereby, four incrementally progressive   10  form
wall upwardly along said plane of symmetry. steps of folding the bottom
section 13 of the tube  Shaping roller R3 has opposite concaved side form
upwardly along the center plane of symmetry,  flanges 48, of lesser extent
than roller R2, that and a fifth step of laterally inward collapse. Each
embrace the lower extremities 21 and 22 of the and all of these five steps
involves bending, and is  side sections 14 and 15. The perimeters of roller
essentially if not completely devoid of stretching or  15  flanges 36 and
48 are somewhat spaced and guide elongation of the tube wall of the pipe
liner L, in its  the tube form therebetween. transverse cross-section. Each
step of collapse is    Back-up roller B3 (see Figure 7) is disposed
performed by forming means, preferably in the     over shaping roller R4
and is characterized by its form of shaping rollers R1, R2, R3 and R4, fol-
concaved spool-shape 55 at the center plane of lowed by shaping rollers S1
and S2. It is these   20  symmetry and conforming to the substantially
rollers which increasingly and progressively col-  semi-circular back-up
section 12 of the tube form. lapse the extruded tube form. In practice, the
shap-  Back-up roller B3 has minimized side flanges 56 ing rollers R1-R4
are lowermost, there being back-  that embrace the side sections 14 and 15
of the up rollers B1, B2 and B3 to support the tube form  tube form. as it
is impressed upon by the said rollers R1-R4.  25  Shaping roller R4 (see
Figure 7) is character- As shown, the rollers R1-R4 and B1-B3 are on
ized by its most sharply convexed fold shaping spaced and parallel
horizontally disposed and     perimeter 57 at the center plane of symmetry
to transverse axes.                                  still further shape
the tube form wall along said Back-up roller B1 is disposed over the
shaping  plane of symmetry. Shaping roller R4 has opposite roller R1 (see
Figure 4) and is characterized by its  30  concaved side flanges 58, of
still lesser extent than concaved spool-shape 25 at the center plane of
roller R3, that embrace the lower extremities 21 symmetry and conforming to
the substantially      and 22 of the side sections 14 and 15. The perim-
semi-circular back-up section 12 of the tube form.  eters of roller flanges
56 and 58 are closely related Back-up roller B1 has opposite flaring side
flanges  so as to capture and guide the tube form there- that embrace the
initial formation of the side sec-  35  between. tions 14 and 15 of the
tube form.                     The fifth and final collapsing step is
performed Shaping roller R1 (see Figure 4) is character-  by a pair of
laterally positioned shaping rollers S1 ized by its convex fold initiating
and shaping perim-  and S2 disposed at opposite sides of the tube form eter
27 at the center plane of symmetry to depress  as it emanates from shaping
roller R4 (see Figures the tube form wall upwardly at bottom dead center.
40  8 and 9). Rollers S1 and S2 are to reduce the Shaping roller R1 has
opposite concave side       arcuate cross-section of back-up section 12 of
the flanges 28 that embrace the initial formation of the  tube form, as
shown. Accordingly, the rollers S1 lower extremities 21 and 22 of the side
sections 14  and S2 are disposed on spaced and parallel verti- and 15. The
perimeters of roller flanges 26 and 28  cal axes and are characterized by a
concave spool are closely related so as to capture the tube form   45
shape 60 of curvilinear configuration increasing in therebetween.
curvature from top dead center, each roller, from Back-up roller B2 is
disposed over and inter-  the initial full radius of the tube form to the
smaller mediate shaping rollers R2 and R3 (see Figure 3)  radius of the
lower extremities 21 and 22. The and is characterized by its concaved spool
shape  rollers S1 and S2 have top and bottom flanges 61 35 at the center
plane of symmetry and conforming   50  and 62 which are peripherally
juxtaposed so as to to the substantially semi-circular back-up section
completely capture the finally collapsed and de- 12 of the tube form.
Back-up roller B2 has opposite  formed tube form, thereby establishing the
product flaring flanges 36, to a lesser extent than that of  pipe liner L.
roller B1, to embrace the formation of the side       In accordance with
this invention, and as best sections 14 and 15 of the tube form.
55  illustrated in Figures 8 and 9 of the drawings, the Shaping roller R2
(see Figure 5) is character-  tube form of pipe liner L is finally
collapsed onto a ized by its convex fold shaping perimeter 37 at the  rail
R disposed between the shaping rollers S1 and center plane of symmetry to
further shape the tube  S2. The rail R is of a cross-sectional
configuration 7    



13                EP 0 301 697 B1                     14 to conform with
the inside walls of the side sec-  the form of motors M, electrical or
hydraulic, pro- tions 14 and 15 and of the lower extremities 21 and  vide
the assist required (see Figure 4). It is to be 22. Accordingly, and as
clearly shown, the final   understood that anti-friction bearings 73 are
pro- cross-sectional configuration of the pipe liner L is  vided with
shafting 74, all as is shown throughout established. In practice, the rail
R has sliding en-   5   the drawings. gagement with the tube form and is of
substantial      From the foregoing, it will be understood that a
longitudinal extent so as to enable a reduction in  tubular pipe line L is
provided that is reduced in temperature and firming up while being held in
the  cross-sectional configuration so as to be readily required
cross-sectional configuration. Note particu-  inserted into pipe lines and
then reformed to its larly the hourglass cross-section of the rail R that
10  initially  extruded  cross-sectional configuration, accommodates the
aforementioned collapsing of      whereby it properly fits into the pipe
line for which the lower extremities 21 and 22, bringing them     it is
designed, all as differing circumstances re- closer together in relation to
the center plane of  quire. symmetry than the upstanding inner walls
extend- ing to the bends of fold 16. In practice, rail R is  16   Claims
optional depending on the shape to be defined. If a precise curvature 16 is
necessary, the rail R will  1. A method for deforming a pipe liner having a
aid in keeping such a shape. This rail R, for exam-    tubular
cross-section and being made of a ple, would be necessary for the bud
fusion of the      plastic material, wherein a deformable section deformed
pipe.                                 20      of said cross-section  is
diametrically de- From the foregoing, it will be observed that the
pressed inwardly and opposite side sections shaping of the tube form is
gradual and progres-       (14, 15) thereof are collapsed to form double-
sive (see Figures 3 and 9) and from Figure 1 it will   wall configurations,
be observed that the temperature control is in-        characterized by
volved, and the preferred material involved is a   25  the steps of
thermoplastic. Accordingly, and as best illustrated       a) supporting an
upper back-up section (12) in Figure 3 of the drawings, there are water
nozzles      of said cross-section; 70 that dispense tempered water so as
to maintain         b) depressing said cross-section at a lower the
temperature of, for example, 210[err] in order to     section (13) and
along a center plane of soften the plastic material and to ensure its bend-
30  symmetry a to form a fold (16); ing properties. Other heat sources such
as hot air        c) increasingly  depressing  in  multiple or radiant heat
can be incorporated to obtain the         stages said lower section (13)
and progress- desired temperature of the pipe, which is to be           ing
said fold (16) inwardly into a juxtaposed above the raw materials'
crystallization point. Noz-     relation to the inside wall (10) of the
tubular zles 70 disseminate hot water into the area of the   35
cross-section; wherein lower extremities (21, shaping rollers R1 through R4
and S1 and S2.              22) of said opposite side sections (14, 15)
Thus, the tube form is made plastic so as to be           are bent
inwardly; and shaped and bent into, the desired deformed con-           d)
reducing the cross-sectional configuration tion. Following the final
shaping of the tube form      by bending the opposite side sections (14,
and its sliding engagement on the rail R, the shape   40  15) of double
wall configuration inwardly to enabling temperature of the plastic tube
form is          bring the lower extremities (21, 22) into a reduced to
ambient by water nozzles 71 that dis-          juxtaposed relation to the
center plane of pense tempered water at lower temperature so as
symmetry a. to cool the finished pipe liner L to, for example, 70 F, all as
shown in Figures 1 and 3 of the   45  2. The method of claim 1,
characterized in that drawings. As shown in Figure 3, the tempered
the pipe liner is delivered from  extruding water is collected in. a sump
or pan 72 for its        means (E) at a raised temperature, collapsing
recirculation as shown in Figure 1. The cooling        to said double-wall
configurations is carried out means C2 reduces the tube form to ambient
tem-         at a reduced and controlled temperature, and perature on or
passing into delivery from the rail R.   50  the collapsed tubular
cross-section is then As shown in Figure 3 of the drawings, the
brought to ambient temperature. rollers B1-B3, R1-R4 and S1 and S2 are free
to turn on bearings 73 and thereby enable forward      3. The method of
claim 1 or 2, characterized in motion of the tube form through the
apparatus as       that said plastic material is a thermoplastic described.
However, as thin-walled large diameter  55  material, and said reduced and
controlled tem- pipe liners L are processed, it becomes necessary
perature is a shape memory activation tem- with some materials to assist
movement of the tube     perature above the cristallisation temperature,
form therethrough. Accordingly, torque means M in      such that deforming
is conducted below fluidity 8    
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conform with the inside walls of the side sec-   the form of motors M,
electrical or hydraulic, pro- tions 14 and 15 and of the lower extremities
21 and  vide the assist required (see Figure 4). It is to be 22.
Accordingly, and as clearly shown, the final    understood that
anti-friction bearings 73 are pro- cross-sectional configuration of the
pipe liner L is  vided with shafting 74, all as is shown throughout
established. In practice, the rail R has sliding en-   5   the drawings.
gagement with the tube form and is of substantial       From the foregoing,
it will be understood that a longitudinal extent so as to enable a
reduction in  tubular pipe line L is provided that is reduced in
temperature and firming up while being held in the   cross-sectional
configuration so as to be readily required cross-sectional configuration.
Note particu-  inserted into pipe lines and then reformed to its larly the
hourglass cross-section of the rail R that  10  initially  extruded
cross-sectional configuration, accommodates the aforementioned collapsing
of        whereby it properly fits into the pipe line for which the lower
extremities 21 and 22, bringing them      it is designed, all as differing
circumstances re- closer together in relation to the center plane of
quire. symmetry than the upstanding inner walls extend- ing to the bends of
fold 16. In practice, rail R is  15   Claims optional depending on the
shape to be defined. If a precise curvature 16 is necessary, the rail R
will   1. A method for deforming a pipe liner having a aid in keeping such
a shape. This rail R, for exam-     tubular cross-section and being made of
a ple, would be necessary for the bud fusion of the       plastic material,
wherein a deformable section deformed pipe.
20       of said cross-section  is diametrically de- From the foregoing, it
will be observed that the     pressed inwardly and opposite side sections
shaping of the tube form is gradual and progres-        (14, 15) thereof
are collapsed to form double- sive (see Figures 3 and 9) and from Figure 1
it will.   wall configurations, be observed that the temperature control is
in-         characterized by volved, and the preferred material involved is
a   25   the steps of thermoplastic. Accordingly, and as best illustrated
a) supporting an upper back-up section (12) in Figure 3 of the drawings,
there are water nozzles       of said cross-section; 70 that dispense
tempered water so as to maintain          b) depressing said cross-section
at a lower the temperature of, for example, 210[err] in order to
section (13) and along a center plane of soften the plastic material and to
ensure its bend-   30   symmetry a to form a fold (16); ing properties.
Other heat sources such as hot air       c) increasingly  depressing  in
multiple or radiant heat can be incorporated to obtain the          stages
said lower section (13) and progress- desired temperature of the pipe,
which is to be            ing said fold (16) inwardly into a juxtaposed
above the raw materials' crystallization point. Noz-       relation to the
inside wall (10) of the tubular zles 70 disseminate hot water into the area
of the   35    cross-section; wherein lower extremities (21, shaping
rollers R1 through R4 and S1 and S2.               22) of said opposite
side sections (14, 15) Thus, the tube form is made plastic so as to be
are bent inwardly; and shaped and bent into, the desired deformed con-
d) reducing the cross-sectional configuration tion. Following the final
shaping of the tube form       by bending the opposite side sections (14,
and its sliding engagement on the rail R, the shape   40   15) of double
wall configuration inwardly to enabling temperature of the plastic tube
form is           bring the lower extremities (21, 22) into a reduced to
ambient by water nozzles 71 that dis-          juxtaposed relation to the
center plane of pense tempered water at lower temperature so as
symmetry a. to cool the finished pipe liner L to, for example, 70[err] all
as shown in Figures 1 and 3 of the   45  2. The method of claim 1,
characterized in that drawings. As shown in Figure 3, the tempered
the pipe liner is delivered from  extruding water is collected in a sump or
pan 72 for its           means (E) at a raised temperature, collapsing
recirculation as shown in Figure 1. The cooling         to said double-wall
configurations is carried out means C2 reduces the tube form to ambient
tem-          at a reduced and controlled temperature, and perature on or
passing into delivery from the rail R.   50  the collapsed tubular
cross-section is then As shown in Figure 3 of the drawings, the
brought to ambient temperature. rollers B1-B3, R1-R4 and S1 and S2 are free
to turn on bearings 73 and thereby enable forward       3. The method of
claim 1 or 2, characterized in motion of the tube form through the
apparatus as        that said plastic material is a thermoplastic
described. However, as thin-walled large diameter   55  material, and said
reduced and controlled tem- pipe liners L are processed, it becomes
necessary       perature is a shape memory activation tem- with some
materials to assist movement of the tube       perature above the
cristallisation temperature, form therethrough. Accordingly, torque means M
in       such that deforming is conducted below fluidity 8    
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thermoplastic material.                  8  The apparatus of claim 5, 6 or
7, characterized by an arrangement of three back-up rollers 4. The method
of claim 3, characterized in that        (B1-B3) and four first shaping
rollers (R1-R4) said thermoplastic material is a high density     on spaced
and parallel horizontally disposed polyethylene, Nylon, Teflon[err] or ABS
material,   5   axes, with the first shaping rollers (R1-R4) be- and said
reduced and controlled temperature        ing disposed lowermost and the
back-up roll- is 71 to 82 * C (160 to 180[err]                    ers
(B1-B3) being disposed over the first shap- ing rollers (R1-R4), wherein
the four first shap- 5. An apparatus for deforming a pipe liner having
ing rollers (R1-R4) have shaping perimeters a tubular cross-section and
being made of a   io    (27, 37, 47, 57) disposed for four incrementally
plastic material, the apparatus comprising          progressive deforming
steps. a) at least one revolvable first shaping roller (R1 -R4);and
PatentansprUche b) one pair of revolvable second shaping rollers (S1, S2)
laterally disposed on vertical  is  1. Verfahren zum Verformen einer
Rohrausklei- axes at opposite sides of a center plane of      dung, die
einen rohrformigen Querschnitt auf- symmetry a and having a concave cur-
weist und aus einem Plastmaterial hergestellt vilienar spool-shape (60) to
engage and de-      ist, wobei zur Bildung von doppelwandigen An- press
opposite side sections (14, 15) of said    ordnungen ein verformbarer
Bereich des Quer- pipe liner cross-section toward said center  20  schnitts
diametral nach innen eingedrUckt wird plane of symmetry a;
und einander gegenOberliegende Seitenberel- characterized by
che (14, 15) davon zusammengedrUckt wer- c) at least one revolvable back-up
roller (B1-  den, B3) disposed on a horizontal axis parallel to
gekennzelchnet durch the axis of said first shaping roller (R1-R4)   25
die Schritte, daR man and in opposition to said shaping roller;          a)
einen oberen Abstftzbereich (12) des wherein
Querschnitts abstatzt; d) the back-up roller (B1-B3) has a con-
b) den Querschnitt an einem unteren Be- caved spool-shape (25) at the
center plane          reich (13) und entlang einer Mittelpunkts- of
symmetry a conforming to a substantially  30     Symmetrieebene a zur
Bildung elner Falte semi-circular back-up section (12) of said         (16)
eindrUckt; pipe liner cross-section; and                       c) den
unteren Berelch (13) in mehreren e) the first shaping roller R1 and at
least a       Schritten zunehmend eindrtckt und die Fal- second shaping
roller (R2) have a convex           te (16) welter nach innen in eine
Juxtaposi- fold initiating and shaping perimeter (27, 37,  35  tion zur
Innenwand (10) des rohrformigen 47, 57) at the center plane of symmetry a
to        Querschnitts fortsetzt; wobei depress a deformable section (13)
of said           untere Extremitaten (21, 22) der gegenUber- pipe liner
cross-section diametrically toward      liegenden Seitenbereiche (14, 15)
nach in- the back-up section (12) thereof along the          nen gebogen
werden; und center plane of symmetry a, thereby creat-  40      d) die
Querschnitts-Konfiguration vermin- ing double-wall configurations.
dert, indem  man die gegenUberliegenden Seitenbereiche (14, 15) der
doppelwandigen 6. The apparatus of claim 5, characterized in that
Anordnung nach innen blegt, um die unter- the second shaping rollers (S1,
S2) have jux-         en Extremit~ten (21, 22) in elne Juxtaposi- taposed
side flanges (61, 62) capturing the   45      tion zur
Mittelpunkts-Symmetrieebene  a deformed pipe liner cross-section, the
appara-        bringt. tus further comprising a rail (R) conforming to the
shape of inner walls of said double-wall    2. Verfahren nach Anspruch 1,
dadurch gekenn- configurations, the rail (R) having sliding en-
zeichnet, daB man die Rohrauskleidung von gagement therewith.
50       einer Extrudiereinrichtung (E) mit erhohter Temperatur abgeben
laI1t, des ZusammendrUk- 7. The apparatus of claim 5 or 6, characterized
ken der doppelwandigen Anordnungen bei ver- by a plurality of back-up
rollers (B1-B3) and a     minderter und gesteuerter Temperatur durch-
plurality  of first shaping  rollers (R1-R4),      flhrt und dann den
zusammengedrUckten rohr- wherein the first shaping rollers (R1-R4) have
55  f6rmigen Querschnitt auf Umgebungstempera- shaping perimeters (27, 37,
47, 57) disposed       tur bringt. for incrementally progressive deforming
steps. 9 *   C   L  M   S   *    
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Anspruch 1 oder 2, dadurch       6. Vorrichtung nach Anspruch 5, dadurch
gekenn- gekennzeichnet, daB das Plastmaterial ein ther-     zeichnet, daB
die zweiten Formwalzen (SI, S2) moplastisches Material ist und die
verminderte      Seitenflanken (61, 62) in Juxtaposition aufwei- und
gesteuerte Trmperatur eine Shape-Memo-          sen, die den verformten
Querschnitt der Roh- ry-Aktivierungstemnperatur oberhalb der Kristal-   5
rauskleidung ergreifen, wobei die Vorrichtung lisationstemperatur ist, so
daB das Verformen      weiter eine Schiene (R) aufweist, die der Ge-
unterhalb des Fliefvermdgens des thermopla-         stalt der Innenwand der
doppelwandigen An- stischen Materials durchgeflhrt wird.
ordnungen entspricht, wobei die Schiene (R) damit in gleitendem Eingriff
steht. 4. Verfahren nach Anspruch 3, dadurch gekenn-   10 zeichnet, daB das
thermoplastische Material     7. Vorrichtung nach Anspruch 5 oder 6,
gekenn- ein Polyethylen-, Nylon-, TeflonT - oder ABS-       zeichnet durch
mehrere AbstUtzwalzen (B1-B3) Material mit hoher Dichte ist und daB die
ver-      und mehrere erste Formwalzen (Ri-R4), wobel minderte und
gesteuerte Temperatur 71 bis 82        die ersten Formwalzen (R1i-R4)
formende au- IC (160 bis 180 IF) betrlgt.              15       Bere
Begrenzungen (27, 37, 47, 57) autweisen, die zur DurchfUhrung von
schrittweise zuneh- 5. Vorrichtung zum Verformen einer Rohrausklei-
menden  Verformungsschritten  angeordnet dung, die elnen rohrformigen
Querschnitt auf-       sind. welst und aus einem Plastmaterial hergestellt
ist, wobei die Vorrichtung aufweist        20  8. Vorrichtung nach Anspruch
5, 6 oder 7, ge- a) mindestens eine drehbare erste Formwal-
kennzeichnet durch eine Anordnung mit drei ze (R, -R4); und
AbstUtzwalzen (B1-B3) und vier ersten Form- b) ein Paar drehbare zweite
Formwalzen           walzen (Ri-R4) an voneinander beabstandeten (S1, S2),
die an einander gegenUberliegen-       und parallel horizontal angeordneten
Achsen, den Seiten einer Mittelpunkts-Symmetrie-  26     wobei die ersten
Formwalzen (Rt-R4) zuun- ebene a seitliqh an vertikalen Achsen ange-
terst angeordnet und die AbstUtzwalzen (BI- bracht sind und eine konkave
krummlinige         B3) oberhalb der ersten Formwalzen (Ri-R4) spulenartige
Gestalt (60) aufweisen, urn go-     angeordnet sind, wobei die vier ersten
Form- genUberliegende Bereiche (14, 15) des            walzen (R1-R4)
formende auBere Begrenzun- Querschnitts der Rohrauskleidung zu ergrei-  3o
gen (27, 37, 47, 57) aufweisen, die zur Durch- fen und in Richtung auf die
Mittelpunkts-        f~hrung von vier schrittweise zunehmenden
Symmetrieeberie a einzudrUcken;                  Verformungsschritten
angeordnet sind. gekennzelchnet durch c) mindestens eine drehbare
AbstUtzwalze      Revendlcatlons (Bi-B3), die auf einer zur Achse der
ersten   36 Formwalze (Ri1-R4) parallelen horizontalen   1. Proc~d4 de
deformation d'un tuyau de protec- Achse und gegenlberliegend zu dieser
tion poss~dant une section transversale tubu- Formwalze angeordnet ist;
laire et 6tant compos4 d'un materiau plastique, wobei
dans loquel une portion ddformable de ladite d) die Abstltzwalze (Bi-B3) an
der Mittel-  40   section transversale est diametralement affais-
punkts-Symmetrieebene  a eine konkave            s6e vers l'intdrieur et
des portions laterales spulenartige Gestalt (25) aufweist, die einem
oppos~es (14, 15) de ladite section transversa- im wesentlichen
halbkreisf6rmigen AbstUtz-       le sont rabattues afin de former des
configura- bereich (12) des Querschnitts der Rohraus-       tions &,double
parol, kleidung entspricht; und                 45      caract6ris6 par les
6tapes de: e) die erste Formwalze (Ri) und minde-             a) maintien
d'une portion d'appui supdrleure stens eine zweite Formwalze (R2) bei der
(12) de ladite section transversale: Mittelpunkts-Symmetrieobene a eine
konve-           b) affaissement de laditb section transversa- xe AuBere
Begrenzung (27, 37, 47, 57) zum          le dans une portion inf~rieure
(13) et le long Erzeugen einer Falte und zum Formen auf-  5o        d'un
plan central de sym~trie (a) afin de weist, um einen verformbaren Bereich
(13)          former un pli (16); des Querschnitts der Rohrauskleidung dia-
c) affaissement de fagon croissants, en plu- metral in Richtung auf dessen
AbstUtzbe-           sieurs phases, de ladite portion inferieure reich (12)
entl~ang der Mittelpunkts-Symme-        (13) et progression dudit pli (16)
vers l'inte- trieebene a einzudrUcken, wodurch sich   55        rieur jusqu
a le juxtaposer avec la paroi doppelwandige Anordnungen bilden.
interne (10) de Ia section transversale tubu- laire ; les extremites
inferieures (21,22) des- dites portions lat6rales opposdes (14, 15) 1
L 11111111111111111    
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vers l'interieur; et                d) le galet d'appui (B1 - B3) possbde
une d) r~duction de la configuration en section         forme de bobine
concave (25) au niveau du transversale en pliant vers l'interieur les por-
plan central de sym6trie (a) conform6ment tions laterales opposees (14, 15)
de confi-         a une portion d'appul substantiellement guration & double
paroi, afin d'amener les   5      semi-circulaire (12) de ladite section
trans- extremites inf~rieures (21, 22) jusqu'h les         versale dudit
tuyau de protection ; et juxtaposer avec le plan central de symetrie
e) le premier galet de fagonnage (RI) et au (a).
moins un second galet de fagonnage (R2) possedent un perimetre
(27,37,47,57) de 2. Procedd de la revendication 1, caractdris4 en   io
commencement et de fagonnage d'un pli ce quo le tuyau de protection est
d6livr4 par         convexe au niveau du plan central de sym6- des moyens
d'extrusion (E) & une temperature          trie (a) afin d'affaisser une
portion d6forma- elevee, le rabattement afin de former lesdites        ble
(13) de la section transversale du tuyau configurations & double paroi est
rdalis6 & une       de protection en direction de la portion temperature
reduite et contr8l1e, et la section   15  d'appui (12) de celle-ci le long
du plan transversale tubulaire rabattue est alors ame-        central de
sym~trie (a), cr~ant ainsi des nee a la temperature ambiante.
configurations & double parol. 3. Procede de la revendication 1 ou 2,
caract~ris6  6. Appareil de la revendicatlon 5, caracteris6 en on ce quo
ledit mat6riau plastique est un mat6-  20  ce que les seconds galets de
fagonnage (Si, riau thermoplastique, et ladite temperature re-     S2)
possedent des flasques lateraux juxtapo- duite et contr81ee est une
temperature d'acti-      ses (61, 62) capturant la section transversale
vation de m6moire de forme superieure a la          deformee du tuyau de
protection, I'appareil temperature de cristallisation, tolle que la de-
comprenant egalement un rail (R) conforme- formation est menee avec le
mat6riau thermo-  25    ment a la forme de parols intemes desdites
plastique sous NI'tat fluide.                       configurations & double
parol, le rail (R) pre- i!                                     sentant un
contact glissant avec celles-cl. 4. Procede de la revendication 3,
caracteris6 en ce que ledit thermoplastique est un poly~thylb-  7. Appareil
de la revendication 5 ou 6, caracteris6 ne haute densite, un nylon (marque
d~posee),  30    par une pluralit6 de galets d'appui (B1 - B3) et un T6flon
(marque depos6e) ou un materiau           une pluralite de premiers galets
de fagonnage ABS, et ladite temperature reduite et contr816e     (Ri - R4),
dans lequel les premiers galets de est entre 71 et82  C (160 et 180 IF).
fagonnage (RI - R4) possedent des perimbtres de fagonnage (27, 37, 47, 57)
disposes pour 5  Appareil de deformation d'un tuyau de protec-  35
permettre des etapes de deformation progres- tion poss6dant une section
transversale tubu-       sive par incrementation. laire et dtant compose
d'un materiau plastique, I'appareil comprenant:                          8
Appareil de la revendication 5, 6 ou 7, caract6- a) au moins un premier
galet de fagonnage        ris6 par un ensemble de trois galets d'appui
pouvant toumer (RI - R4) ; et            40      (BI - B3) et quatre
premiers galets de fagon- b) une paire de seconds galets de fagonna-
nage (Ri - R4) selon des axes espac6s et ge pouvant tourner (S1, S2)
disposes latera-     parallbles et disposes horizontalement, les pre-
lement selon des axes verticaux sur des          miers galets do fagonnage
(Ri - R4) etant c8tds oppos~s d'un plan central de syme-         disposes
les plus bas at les galets d'appul (B1 trio (a) et possedant une forme de
bobine   4s   - B3) 6tant disposds au dessus des premiers curviligne
concave (60) afin d'entrer en         galets de fagonnage (Ri - R4), dans
lequel les contact et affaisser en direction dudit plan     quatre premiers
galets de fagonnage (Ri, R4) central de sym~trie (a) les portions lat6rales
possbdent des perimbtres de fagonnage (27, oppostes (14, 15) de ladite
section trans-       37, 47, 57) disposes pour permettre quatre versale du
tuyau de protection;          50      etapes de deformation progressive par
incre- caract6ris6 par:                                    mentation. c) au
moins un galet d'appui pouvant tour- ner (B1 - B3) dispose selon un axe
horizon- tal parallele & l'axe dudit premier galet de fagonnage (RI - R4)
et en opposition avec   55 ledit galet de fagonnage:
_ dans lequel 111111 111111  E 111111 1111111 C   L   M   S    


