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Description 

The  present  invention  generally  relates  to  met- 
al  forming  machinery  and  more  specifically,  to  an 
apparatus  for  making  a  continuous  helically  wound 
flexible  pipe  with  an  interlocked  metal  strip. 

Description  of  the  Prior  Art 

Flexible  pipes  made  by  shaping  a  metal  strip 
and  interlocking  it  on  a  mandrel  have  been  made 
for  many  years  and  are  used  in  a  variety  of  ap- 
plications  including  the  use  of  such  flexible  struc- 
tures  as  support  members  for  the  manufacture  of 
flexible  tubular  pipes  and  conduits  having  high  me- 
chanical  strength  characteristics.  These  products, 
with  high  resistance  to  internal  and  external  pres- 
sures,  have  been  increasingly  used  for  the  tran- 
sportion  of  fluids  in  situations  where  rigid  steel 
pipes  cannot  be  used  or  are  economically  too 
expensive. 

Interlocked  flexible  pipes  in  short  lengths  are 
also  used  in  a  variety  of  applications  like  auto- 
motive  exhaust  connections,  armouring  of  electrical 
cables,  conduits,  etc. 

Equipment  for  manufacturing  spiral  pipes  or 
helically  interlocked  tubing,  have  been  known  and 
used  at  least  as  early  as  1876.  Such  equipment 
falls  into  one  of  two  general  categories:  stationary 
or  rotating  machines. 

Stationary  machines  normally  include  a  supply 
reel,  forming  rollers,  a  mandrel  and  pressure  rollers 
to  wind  the  preformed  strip  over  the  mandrel.  In 
this  solution  the  machine  is  stationary  while  the 
pipe  that  is  being  made  rotates  about  its  longitudi- 
nal  axis.  The  mandrel  can  be  stationary  or  rotating 
in  the  direction  of  the  moving  strip. 

The  prior  art  shows  examples  of  all  possible 
solutions  from  fixed  mandrel  to  mandrel  overdriven 
in  relation  to  the  product  to  be  formed.  This  prior 
art  is  clearly  shown  in  U.S.  Patent  Nos.  183,328, 
2,162,355,  3,515,038  and  2,693,779. 

It  is  clear  that  with  stationary  machines  there  is 
a  limitation  to  the  length  that  can  be  produced 
because  of  the  necessity  to  rotate  the  product 
limits  the  length  that  can  be  economically  made 
with  this  type  of  equipment.  Long  lengths  can  only 
be  made  if  a  rotatable  takeup  system  is  added  and 
such  equipment  is  very  expensive  when  one  thinks 
that  a  takeup  reel  for  this  product  is  tens  of  feet  in 
diameter. 

Furthermore,  the  rotation  of  the  takeup  equip- 
ment  must  be  synchronized  with  the  rotating  prod- 
uct  and  in  view  of  the  large  masses  involved,  the 
speed  of  rotation  of  the  reel  and  therefore  the 
productivity  of  such  a  system  is  very  low. 

In  order  to  overcome  such  difficulties,  rotating 
machines,  such  as  the  ones  known  from  British 

Patent  No.  110,576,  U.S.  Patent  Nos.  1,703,250, 
1,703,251  and  4,597,276  and  French  Patent  No. 
985,067  were  developed.  These  apparatuses  nor- 
mally  include  a  circular  plate  which  turns  around  a 

5  horizontal  axis  coincident  with  the  longitudinal  axis 
of  the  tubular  structure  to  be  formed.  The  plate, 
frame  or  other  rotating  member  turn  around  the 
axis  of  the  mandrel  on  the  surface  of  which  the 
formed  strip  is  wound.  The  prior  art  teaches  that 

io  the  mandrel  can  be  stationary  or  rotating  in  order 
to  facilitate  the  extraction  of  the  pipe  from  the 
mandrel  as  shown  in  U.S.  Patent  No.  1,004,643  and 
French  Patent  No.  985,067. 

The  known  rotating  apparatuses  include,  on  the 
75  same  side  of  the  plate  where  the  product  is 

formed,  a  support  for  a  supply  reel  of  flat  strip,  an 
assembly  of  driven  shaping  rollers  to  drive  the  strip 
and  to  give  it  the  required  shaped  cross-section, 
guiding  means  for  the  strip  between  the  supply  reel 

20  and  the  assembly  of  forming  rollers,  a  tubular  man- 
drel  mounted  coaxially  with  the  plate,  and  a  for- 
ming  and  extraction  mechanism  for  the  winding  of 
the  strip  onto  the  mandrel  and  the  longitudinal 
removal  of  the  pipe  formed,  downstream  of  the 

25  turning  plate,  to  withdraw  the  structure  formed  to- 
ward  a  receiving  reel.  In  addition  to  the  fact  that  it 
is  not  possible  with  the  prior  art  apparatuses  to 
form  an  interlocked  wound  tubular  pipe  in  long 
lengths  without  stopping  the  machine  to  change  the 

30  supply  reel,  significant  disadvantages  of  the  prior 
art  apparatuses  also  arise  from  the  impossibility  of 
controlling  the  speed  of  interlocking  on  the  mandrel 
and  the  feeding  speed  of  the  forming  rollers.  As  a 
matter  of  fact,  in  the  prior  art  this  problem  is 

35  mentioned  many  times,  but  no  final  solution  has 
yet  been  found. 

SUMMARY  OF  THE  INVENTION 

40  According  to  one  aspect  of  the  invention  ap- 
paratus  for  making  helically  wound  interlock  flexible 
pipe  comprises:  a  rotating  head  mounted  for  rota- 
tion  about  an  axis  which  substantially  coincides 
with  the  longitudinal  axis  of  the  interlocked  flexible 

45  pipe  to  be  formed,  said  rotating  head  defining  a 
front  side  facing  the  direction  where  the  product  is 
formed  and  an  opposing  rear  side;  strip  supply 
means  for  supplying  strip  material  to  said  front  side 
of  said  rotating  head;  driven  forming  means  for 

50  forming  said  strip  material  into  a  formed  strip  hav- 
ing  a  predetermined  intermediate  cross-sectional 
configuration  suitable  for  interlocking  in  a  closing 
step;  a  tubular  mandrel  coaxial  with  said  axis  pro- 
jecting  beyond  said  front  side  of  said  rotating  head; 

55  closing  and  interlocking  means  mounted  on  said 
front  side  of  said  head  proximate  said  mandrel  to 
close  and  interlock  successively  adjacent  turns  of 
the  formed  strip;  and  a  loop  size  control  assembly 
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co-operable  with  a  variable  speed  drive  to  store  a 
variable  length  of  said  formed  strip,  configured  as  a 
loop  in  a  curved  path,  between  said  driven  forming 
means  and  said  closing  and  interlocking  means; 
the  loop  size  control  assembly  maintaining  said 
loop  at  a  substantially  predetermined  size,  to  there- 
by  maintain  a  substantially  constant  supply  or  res- 
ervoir  of  formed  strip  between  said  driven  forming 
means  and  said  closing  and  interlocking  means; 
sensing  means  for  monitoring  the  size  of  said  loop; 
the  variable  speed  drive  means  driving  said  driven 
forming  means  at  a  speed  which  is  a  function  of 
the  size  of  said  loop;  whereby  variations  in  the  size 
of  the  loop  are  substantially  eliminated  and  the 
loop  is  restored  and  maintained  at  a  nominal  size 
by  compensating  changes  in  the  speed  of  said 
variable  speed  means. 

The  present  invention  provides  an  apparatus 
which  allows  the  manufacture  of  tubular  interlocked 
structures  and  which  avoids  the  disadvantages 
mentioned  above,  while  at  the  same  time  providing 
higher  production  rates.  In  a  particular  construction, 
forming  rollers  are  mounted  in  a  tangential  position 
in  relation  to  the  pipe  to  be  formed  and  a  control 
loop  is  provided  between  the  exit  of  the  forming 
rollers  and  the  mandrel  around  which  the  shaped 
strip  is  wound  and  interlocked.  A  dancer,  posi- 
tioned  in  the  control  loop,  regulates  the  speed  of 
the  forming  rollers,  thus  maintaining  the  control 
loop  in  the  desired  configuration. 

It  is  important  to  note  that  this  is  where  most  of 
the  buckling  of  the  formed  strips  occur  since  it  is 
very  difficult  in  the  prior  art  to  maintain  the  formed 
strip  under  tension  in  view  of  the  fact  that  in 
practice  it  is  not  possible  to  determine  exactly  the 
rate  at  which  the  pipe  is  wound  on  the  mandrel. 
Stated  otherwise,  it  is  almost  impossible  to  syn- 
chronize  the  instantaneous  rate  of  pipe  formation 
and  the  instantaneous  rate  of  formation  of  the  flat 
strip. 

Besides  providing  a  needed  storage  of  formed 
strip,  the  control  loop  also  advantageously  bends 
the  formed  strip  in  the  same  direction  of  the  pipe 
winding,  thus  avoiding  the  abrupt  change  from  a 
straight  strip  to  a  bent  strip  which  is  characteristic 
of  all  prior  art  approaches. 

By  advantageously  shifting  the  plane  of  the 
forming  rollers  from  the  plane  on  which  the  pipe  is 
wound  on  the  mandrel,  it  is  also  possible  to  shape 
the  loop  in  a  helical  configuration,  approximating 
the  helical  angle  that  the  strip  will  assume  in  the 
flexible  pipe. 

According  to  the  invention,  decoupling  or 
avoiding  direct  coupling  between  the  strip  forming 
station  and  the  pipe  forming  station  completely 
eliminates  the  likelihood  of  buckling  and  also  ad- 
vantageously  pre-shapes  or  bends  the  formed  strip 
to  aid  or  facilitate  its  shaping  into  the  configuration 

that  it  will  take  in  the  finished  pipe. 
It  is  also  an  advantage  of  the  present  invention 

that  it  maintains  a  perfectly  balanced  head  during 
operation  since  the  flat  strip  is  stored  in  a  "dummy 

5  stool"  which  rotates  concentrically  with  the  head 
thus  maintaining  a  perfectly  balanced  rotating  mass 
irrespective  of  the  amount  of  strip  that  remains  on 
the  spool. 

The  machine  is  also  advantageously  provided 
io  with  two  dummy  spools  which  alternately  feed  the 

forming  head.  The  two  dummy  spools  are  mounted 
coaxially  on  the  same  shaft  and  can  be  turned 
freely  independently  from  the  forming  head. 

The  productivity  is  further  increased  since  the 
is  rotating  mass  is  always  in  balance  and  it  is  possi- 

ble  to  achieve  speeds  far  in  excess  of  those  nor- 
mally  achievable  with  prior  art  equipment. 

The  broader  aspects  of  the  apparatus  for  mak- 
ing  helically  wound  interlocked  flexible  pipe  in  ac- 

20  cordance  with  the  present  invention  comprises  a 
rotating  head  mounted  for  rotation  about  an  axis 
which  substantially  coincides  with  a  longitudinal 
axis  of  the  interlocked  flexible  pipe  to  be  formed. 
Said  rotating  head  defines  the  front  side  facing  the 

25  direction  where  the  product  is  formed  and  an  op- 
posing  rear  side.  Strip  supply  means  is  provided 
for  supplying  strip  material  to  said  front  side  of  said 
rotating  head.  A  driven  forming  means  is  provided 
for  forming  said  strip  material  into  a  formed  strip 

30  having  a  predetermined  intermediate  cross-section- 
al  configuration  suitable  for  interlocking  in  a  closing 
step.  A  tubular  mandrel,  coaxial  with  said  axis, 
projects  beyond  said  front  side  of  said  rotating 
head.  Closing  and  interlocking  means  are  provided 

35  mounted  on  said  front  side  of  said  head  proximate 
to  said  mandrel  to  close  and  interlock  successively 
adjacent  turns  of  the  formed  strip.  Means  for  stor- 
ing  a  variable  length  of  said  formed  strip  between 
said  closing  and  interlock  means  to  provide  a  sub- 

40  stantially  constant  reservoir  or  supply  of  formed 
strip  at  the  closing  station. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

45  The  accompanying  drawings  show  a  present 
exemplary  embodiment  of  the  invention,  in  which: 

FIG.  1  is  a  top  plan  view  of  an  apparatus  for 
making  helically  wound  interlocked  flexible  pipe 
in  accordance  with  the  present  invention,  show- 

so  ing  the  flexible  pipe  product  being  formed,  in  its 
initial  stage,  and  showing  the  alternate  positions 
of  the  traverse  of  the  rewinding  system  for  re- 
winding  each  of  the  two  supply  spools; 
FIG.  2  is  a  cross-sectional  view  of  the  apparatus 

55  shown  in  Fig.  1,  taken  along  line  2-2; 
FIG.  3  is  a  side  elevational  view  of  the  apparatus 
shown  in  Fig.  1,  as  viewed  along  line  3-3; 
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FIG.  4  is  an  enlarged  cross-sectional  view  of  the 
apparatus  shown  in  Fig.  1,  taken  along  line  4-4, 
showing  some  details  of  the  drive  for  the  main 
shaft  and  the  direction  reversing  drive  for  the 
mandrel  shaft; 
FIG.  5  is  an  enlarged  cross-sectional  view  of  the 
apparatus  shown  in  Fig.  1,  taken  along  line  5-5, 
showing  some  details  of  mounting  of  the  tool 
head  and  face  plate  assemblies  on  the  main 
shaft,  a  portion  of  the  epicyclic  train  for  driving 
the  forming  mill  rollers  on  the  tool  head  assem- 
bly,  and  the  electrical  brush  assembly  for  trans- 
mitting  an  electrical  output  of  a  loop  control 
sensor  to  the  rolling  mill  drive;  and 
FIG.  6  illustrates  a  cross  section  of  a  typical 
helically  wound  interlocked  flexible  pipe  made 
with  the  apparatus  of  Figs.  1-5. 

Description  of  the  Preferred  Embodiment 

Referring  now  specifically  to  the  drawings,  in 
which  identical  or  similar  parts  will  be  designated 
by  the  same  reference  numerals  throughout,  and 
first  referring  to  Figs.  1-3,  the  apparatus  for  making 
helically  wound  interlocked  flexible  pipe  in  accor- 
dance  with  the  present  invention  is  generally  des- 
ignated  by  the  reference  numeral  10.  The  appara- 
tus  10  is  supported  on  a  concrete  foundation  12 
provided  with  a  recess  or  opening  14  which  ex- 
tends  below  the  surface  16  of  the  foundation  as 
shown.  The  purpose  of  the  recess  14  will  be  de- 
scribed  below. 

Referring  specifically  to  Fig.  3,  the  apparatus 
10  includes  a  pair  of  main  bearing  stands  18,  20, 
each  of  which  is  supported  on  an  opposite  side  of 
the  recess  14.  Mounted  on  the  main  bearing  stands 
18,  20  is  a  shaft  22  which  extends  substantially  the 
entire  longitudinal  length  on  of  the  machine,  and  is 
mounted  on  bearings,  to  be  more  fully  described  in 
connection  with  Figs.  4  and  5,  about  a  machine 
axis  24. 

As  will  be  more  fully  described  in  connection 
with  Figs.  4  and  5,  a  tubular  mandrel  26  is  ar- 
ranged  coaxially  with  the  main  shaft  22  for  rotation 
about  the  axis  24. 

Strip  supply  means  is  provided  and  generally 
designated  by  the  reference  numeral  28.  The  strip 
supply  means  supplies  strip  material  30,  which  is 
typically  a  flat  formable  metal  strip.  The  function  of 
the  strip  supply  means  is  to  supply  strip  material  to 
a  closing  and  interlocking  station,  as  will  be  more 
fully  described  below. 

Advantageously,  the  strip  supply  means  28  in- 
cludes  at  least  one  spool  of  strip  material.  In  the 
presently  preferred  embodiment,  as  shown  in  Figs. 
1  and  3,  two  strip  supply  reels  32,  34  are  provided, 
sometimes  referred  to  as  "dummy  spools"  be- 
cause  they  remain  in  place  and  are  repeatedly 

refilled  after  they  are  depleted  of  the  material 
wound  thereon.  As  shown,  the  two  spools  32,  34 
are  axially  spaced  from  each  other  along  the  main 
shaft  22,  and  are  each  mounted  for  rotation  about 

5  the  machine  axis  24.  The  spool  32  includes  flanges 
36  and  38,  while  the  spool  34  includes  flanges  40 
and  42. 

Mounted  intermediate  the  two  dummy  spools 
32,  34  is  a  take-off  mechanism  44  fixedly  mounted 

io  on  the  main  shaft  22  for  rotation  therewith  for 
removing  and  guiding  the  strip  material  30  alter- 
nately  from  one  of  the  spools  32,  34  and  feeding 
the  strip  material  to  a  forming  station,  to  be  de- 
scribed. 

is  The  take-off  mechanism  44  comprises  a  guide 
beam  assembly  consisting  of  an  elongate  radial 
beam  46  fixedly  mounted  at  an  intermediate  point 
thereof  to  the  main  shaft  22  for  rotation  as  shown. 
A  free  end  48  of  the  beam  46  extends  radially 

20  beyond  the  flanges  36,  38,  40,  42  of  the  spools  32, 
34.  A  cross  bar  50  is  provided  at  the  free  end  48 
which  supports  take-off  pulleys  52,  54  for  initially 
receiving  the  strip  material  30  from  a  spool  and 
directing  same  to  further  guide  pulleys  which  will 

25  be  more  fully  described.  In  Fig.  1,  for  example,  the 
strip  material  30  is  shown  being  removed  from  the 
dummy  spool  32,  while  in  Fig.  3,  the  strip  material 
30  is  shown  being  unwound  from  the  dummy  spool 
34.  However,  in  order  to  facilitate  uniform  take-off, 

30  the  cross  bar  50  is  advantageously  mounted  for 
pivotal  rotation  about  the  axis  of  the  beam  46,  so 
that  the  initial  take-off  guide  pulley  54  can  be 
selectively  positioned  substantially  centrally  oppo- 
site  each  of  the  dummy  spools  from  which  the  flat 

35  strip  material  is  unwound. 
The  other  end  55  of  the  beam  46  extends  in 

the  diametrically  opposite  direction  of  the  beam  46 
and  is  provided  with  a  counterweight  56  so  that  the 
two  opposing  sections  of  the  beam  are  balanced  in 

40  relation  to  the  main  shaft  22. 
Rotation  is  imparted  to  the  guide  beam  assem- 

bly  44  through  the  main  shaft  22.  Engaging  means 
58  is  provided  which  includes  a  first  brake  60, 
adapted  to  selectively  engage  the  flange  38,  and  a 

45  second  brake  62  which  is  arranged  to  selectively 
engage  the  flange  42.  The  brakes  60,  62,  when 
actuated,  frictionally  engage  the  associated  flanges, 
to  impart  rotation  of  the  associated  spool  to  brake 
the  spool  and  to  allow  relative  movement  between 

50  the  assembly  44  and  the  associated  spools  in 
order  to  permit  unwinding  of  the  strip  under  proper 
tension. 

As  will  be  appreciated,  in  order  to  clear  the 
flanges  of  the  dummy  spools  32,  34,  the  beam  46 

55  must  be  sufficiently  long  to  radially  extend  beyond 
the  flanges  and  position  the  take-off  or  deflecting 
pulleys  52,  54  at  a  distance  to  provide  suitable 
fleeting  angles.  The  recess  14,  above  noted,  is 

4 
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provided  to  permit  the  use  of  sufficiently  long 
beams  46  which  can  rotate  while  clearing  the  foun- 
dation  upon  which  the  machine  is  supported. 

Referring  to  Fig.  3,  a  rotating  head  64  is  pro- 
vided  which  is  mounted  for  rotation  on  the  main 
shaft  22  about  the  machine  axis  24  which,  as 
noted,  substantially  coincides  with  the  longitudinal 
axis  of  the  interlocked  flexible  pipe  66  to  be 
formed.  The  rotating  head  64  defines  a  front  side 
64a  facing  the  downstream  direction  where  the 
product  66  is  formed  and  an  opposing  rear  side 
64b  facing  the  upstream  direction  where  the  supply 
spool  32,  34  are  located.  Referring  to  Fig.  2,  the 
rotating  head  64  is  shown  to  include  a  tool  head 
assembly  67,  mounted  for  rotation  about  the  ma- 
chine  axis  24.  The  tool  head  assembly  includes 
spaced  parallel  support  members  68,  70,  at  one 
end  of  which  there  is  mounted  gear  box  72  for 
driving  four  pairs  of  forming  or  shaping  rollers  74  to 
form  a  forming  or  rolling  mill  75.  At  the  opposite 
ends  of  the  support  members  68,  70,  there  is 
provided  a  counterweight  76  to  insure  that  the 
rotating  head  64  is  balanced  and  can,  therefore, 
rotate  at  relatively  high  speeds. 

Also  referring  to  Fig.  2,  a  face  plate  assembly 
is  shown  designated  by  the  reference  numeral  78 
which  is  similarly  mounted  on  the  main  shaft  22  for 
rotation  therewith  about  the  machine  axis  24  and 
for  supporting  the  closing  and  interlocking  tools 
which  are  shown  in  Fig.  2  to  be  in  the  nature  of 
free  rolling  pressure  rollers  80  each  respectively 
mounted  on  another  associated  roller  mounting 
block  82.  The  pressure  rollers  80  are  mounted  as 
suggested  in  Fig.  2,  and  are  circumferentially 
spaced  from  each  other  about  the  axis  of  the 
machine.  As  best  shown  in  Fig.  5,  the  tool  head 
and  face  assemblies  67,  78  are  axially  off-set  from 
each  other  to  orient  and  arrange  the  formed  strip 
material  into  a  configuration  which  predisposes  the 
strip  to  assume  the  shape  of  a  helical  convolution 
suitable  for  formation  of  the  helically  wound  inter- 
locked  flexible  pipe  (Fig.  1  ). 

An  important  feature  of  the  present  invention  is 
the  provision  of  means  for  storing  a  variable  length 
of  the  formed  strip  30  between  the  exit  side  of  the 
driven  forming  mill  75  and  the  closing  and  inter- 
locking  pressure  rollers  80.  As  shown  in  Fig.  2,  the 
substantially  constant  supply  or  reservoir  of  the 
formed  strip  is  configured  as  a  loop  84  which  forms 
a  curved  path  between  the  forming  mill  75  and  the 
pressure  rollers  80.  As  discussed  in  the  Back- 
ground  of  the  Invention,  because  it  is  impossible  to 
coordinate  the  instantaneous  speed  of  production 
of  the  formed  product  by  the  forming  mill  75  with 
the  instantaneous  rate  or  speed  at  which  the 
formed  strip  is  used  at  the  closing  station  during 
manufacture  of  the  finished  product,  the  instanta- 
neous  size  of  the  loop  84  will  tend  to  vary  from  the 

nominal  size  shown  in  Fig.  2.  Thus,  as  the  supply 
increases  in  such  "buffer"  zone,  the  size  of  the 
loop  will  expand,  while  the  depletion  of  such 
formed  strip  in  the  reservoir  causes  a  contraction  in 

5  the  size  of  the  loop.  One  of  the  important  features 
of  the  present  invention,  therefore,  is  the  provision 
of  a  loop  size  control  assembly  86  which  is  pro- 
vided  to  maintain  the  loop  84  at  a  substantially 
predetermined  or  nominal  size  to  thereby  maintain 

io  a  substantially  constant  supply  or  reservoir  of 
formed  strip  between  the  driven  forming  mill  75 
and  the  closing  and  interlocking  pressure  rollers 
80.  It  should  be  evident  to  anyone  skilled  in  the  art 
that  there  are  numerous  different  ways  of  monitor- 

15  ing  the  size  of  the  loop  84  which  can  be  used  in  a 
feedback  scheme  to  regulate  the  driven  speed  of 
the  forming  rollers  74.  As  shown  in  Fig.  2,  such 
control  assembly  86  monitors  the  size  of  the  loop, 
and  a  variable  speed  drive  88  is  used  for  driving 

20  the  forming  mill  75  at  a  speed  which  is  a  function 
of  the  size  of  the  loop  84.  In  this  manner,  variations 
in  the  size  of  the  loop  84  are  substantially  elimi- 
nated  and  the  loop  84  is  restored  and  maintained 
at  a  nominal  size  by  compensating  changes  in  the 

25  speed  of  the  variable  rolling  mill  motor  drive  88. 
In  the  presently  preferred  embodiment,  sensing 

is  achieved  by  the  used  of  a  sensing  dancer  90 
supported  on  a  support  arm  92  mounted  for  rota- 
tion  with  the  rotating  head  64,  so  that  contractions 

30  and  expansions  in  the  size  of  the  loop  84  are 
continually  monitored  and  detected  by  engagement 
with  or  abutment  against  the  sensing  dancer  90. 
Other  sensing  means  can  be  used,  such  as  for 
example,  an  optical  scanner. 

35  It  will  be  evident  that  the  flat  strip  30  is  initially 
imparted  a  predetermined  intermediate  cross-sec- 
tional  configuration  in  the  forming  mill  75  suitable 
for  interlocking  in  a  closing  step,  as  is  well  known 
to  those  skilled  in  the  art.  The  pressure  rollers  80 

40  close  and  interlock  successively  adjacent  turns  of 
the  formed  strip  to  form  the  flexible  pipe  or  product 
66.  A  typical  cross  section  of  such  a  pipe  is  shown 
in  Fig.  6 

Because  a  number  of  members  are  mounted 
45  on  and  rotate  with  the  main  shaft  22  it  is  important 

to  guide  the  flat  strip  material  from  the  spools  32, 
34  to  a  point  beyond  the  tool  head  assembly  66, 
where  it  can  be  formed  and  further  processed 
without  being  damaged  by  contact  with  the  station- 

50  ary  members.  For  this  purpose,  suitable  guide 
means  are  provided  for  guiding  the  strip  material 
30  from  the  spools  to  the  front  side  64a  of  the 
rotating  head.  Such  guide  means  of  the  present 
invention  includes  a  first  guide  pulley  94  mounted 

55  on  the  beam  46  proximate  to  the  main  shaft  22. 
The  guide  pulley  94  guides  the  strip  material  30 
from  the  take-off  pulley  52  to  a  position  substan- 
tially  along  the  surface  of  the  main  shaft  22.  Refer- 

5 
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ring  to  Fig.  5,  the  main  shaft  22  is  shown  to  be 
provided  with  a  surface  slot  or  groove  96  for  re- 
ceiving  and  guiding  the  strip  material  between  an 
entrance  point,  proximate  to  the  pulley  94,  and  an 
exit  point  at  the  front  side  of  64a  of  the  rotating 
head  64,  proximate  to  a  further  guide  pulley  98 
which  is  mounted  on  the  main  shaft  for  rotation 
therewith.  The  pulleys  94,  98  deflect  and  guide  the 
strip  into  and  out  of  the  surface  slot  or  groove  96  at 
the  entrance  and  exit  points  of  the  shaft,  respec- 
tively,  as  shown. 

After  being  deflected  by  the  guide  pulley  98, 
the  strip  material  30  is  directed  radially  outwardly 
in  the  direction  of  the  arrow  100  in  Fig.  5.  The 
purpose  of  the  guide  pulleys,  therefore,  is  to  feed 
the  flat  strip  material  from  the  dummy  spools  32, 
34  to  a  point  along  the  main  shaft  22,  and  then 
along  the  shaft,  to  avoid  contact  with  the  stationary 
parts,  to  a  point  where  it  may  be  fed  to  the  forming 
mill  75. 

As  best  shown  in  Fig.  2,  the  radially  outward 
movement  of  the  strip  30,  beyond  the  guide  pulley 
98,  directs  the  strip  material  towards  a  deflecting 
pulley  102  which  is  mounted  on  a  support  arm  103 
on  the  rotating  head  64  remotely  from  the  axis  24 
for  receiving  the  radially  outwardly  moving  strip 
material  and  redirecting  the  strip  material  30  radi- 
ally  inwardly  to  the  forming  mill  75,  as  indicated  by 
the  arrow,  to  allow  a  twist  of  the  strip  material 
about  its  longitudinal  axis.  As  should  be  evident, 
the  strip  material  is  initially  guided  by  the  pulley 
wheel  98  which  is  mounted  for  rotation  about  an 
axis  substantially  normal  to  the  machine  axis  24. 
However,  the  axis  of  the  pulley  102  is  substantially 
parallel  to  the  machine  axis,  and,  therefore,  a  90° 
twist  in  the  flat  strip  material  is  required.  By  spac- 
ing  the  pulley  wheel  102  at  a  sufficient  distance 
from  the  axis  of  the  machine,  such  a  twist  may  be 
effected  without  damage  to  the  strip  material. 

Numerous  drives  may  be  used  for  rotation  of 
the  various  rotating  members,  as  should  be  evident 
to  those  skilled  in  the  art.  Specific  examples  of 
such  drives  will  be  described  in  connection  with  the 
preferred  embodiment,  although  it  will  be  appre- 
ciated  that  none  of  these  are  critical  and  other 
suitable  drives  may  be  used.  Referring  to  Fig.  4, 
the  main  shaft  22,  at  the  input  or  upstream  end  of 
the  machine,  is  connected  to  a  pulley  104  which  is 
driven  by  a  belt  106  suitably  coupled  to  a  drive 
motor  (not  shown).  The  main  shaft  22  is  rotatably 
supported  on  a  main  bearings  108,  110  supported 
on  main  bearing  stands  18,  20. 

A  pinion  gear  112  is  rotatably  journaled  on 
bearings  114,  116.  A  sprocket  wheel  118  is  fixedly 
connected  to  the  pinion  gear  112  for  rotation  there- 
with.  The  sprocket  wheel  118  is  suitably  coupled 
by  means  of  a  chain  (not  shown)  to  another  sprock- 
et  wheel  itself  coupled  to  the  main  drive  motor,  so 

that  the  pinion  gear  112  is  caused  to  rotate  with  the 
rotation  of  the  main  shaft  22.  A  drive  gear  120  is 
mounted  on  the  mandrel  shaft  28  and  engaged 
with  the  pinion  gear  112.  It  will  be  appreciated, 

5  therefore,  that  the  mandrel  shaft  26  is  caused  to 
rotate  in  a  direction  which  is  opposite  to  the  direc- 
tion  of  rotation  of  the  main  shaft  22.  The  relative 
speed  of  rotation  will,  of  course,  be  a  function  of 
the  dimensions  and  characteristics  of  the  drive  train 

io  components.  For  reasons  which  will  become  evi- 
dent  to  those  skilled  in  the  art,  the  apparatus  in 
accordance  with  the  present  invention  can  be  used 
in  any  one  of  a  number  of  different  modes.  Thus, 
for  example,  the  mandrel  shaft  26  can  be  mounted 

is  for  free  rotation,  it  can  be  fixed  against  rotation, 
and,  as  shown  it  can  be  imparted  rotation.  In  the 
presently  preferred  embodiment,  such  imparted  ro- 
tation  is  at  a  relatively  slow  speed  and  in  the 
opposite  direction  to  the  main  shaft  and  rotating 

20  head.  Such  slow  opposite  rotation  has  a  tendency 
to  and  facilitates  release  of  the  helically  wound 
flexible  pipe  or  carcass  from  the  mandrel  shaft,  an 
approach  which  has  be  practiced  since  at  least  as 
early  as  1876  as  exmplified  by  U.S.  Patent  No. 

25  183328  to  Root.  The  specific  mode  of  operation  of 
the  mandrel  shaft  will,  however,  be  a  function  of  the 
size  and  the  material  of  the  finished  product,  the 
lubricants  used,  etc.  In  this  connection,  it  is  also 
advantageous  that  the  free  end  of  the  mandrel 

30  upon  which  the  pressure  rollers  80  interlock  and 
close  the  successfully  adjacent  helical  turns  is 
slightly  or  gently  tapered  to  facilitate  removal  of  the 
product  from  the  mandrel  during  the  production  of 
the  product.  Referring  to  Fig.  1.  the  drive  for  rewin- 

35  ding  of  the  dummy  spools  32,  34  is  shown,  which 
includes  a  motor  124.  Each  spool  32,  has  asso- 
ciated  therewith  a  pulley  126,  128  and  a  clutch 
130,  132  respectively,  for  selectively  coupling  an 
associated  pulley  to  the  drive  shaft  of  the  motor 

40  124.  In  order  to  couple  the  motor  124  to  the  remote 
pulley  128,  any  suitable  connecting  shaft  may  be 
used  such  as  a  universal  joint  134.  Advantageous- 
ly,  suitable  brakes  are  provided  to  stop  the  rotation 
of  the  pulleys  126,  128  and,  therefore,  the  asso- 

45  ciated  spools  32,  34,  which  are  coupled  to  the 
pulleys  by  means  of  belts  136,  138  as  shown.  Such 
arrangement  allows  the  use  of  a  single  motor  124 
to  selectively  drive  one  of  each  of  the  two  spools  at 
any  given  time  while  the  other  spool  is  allowed  to 

50  freely  rotate. 
Referring  to  Figs.  2  and  5,  the  roller  forming 

mill  75  is  driven  at  a  speed  or  rate  which  can  be 
substantially  instaneously  adjusted.  The  forming 
rollers  74  on  the  mill  75  are  coupled  in  any  suitable 

55  manner,  such  as  the  gear  box  72,  to  rotate  simulta- 
neously  and  cooperate  in  a  well  known  manner,  to 
form  the  strip  30.  For  this  purpose  the  motor  88  is 
shown  coupled  by  means  of  drive  belt  140  to  a 

6 
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pulley  142  mounted  on  the  main  shaft  22  by 
means  of  ball  bearings  144,  146.  The  rotation  of 
the  pulley  142  which  is  imparted  by  the  belt  140  is 
transmitted  to  a  pulley  148  by  means  of  a  drive 
belt  150  which  engages  the  pulley  142.  The  pulley 
148  is  mounted  on  the  tool  head  assembly  67  and 
is  coupled  to  the  gear  box  72  which  drives  the 
individual  forming  rollers  74  mounted  on  the  tool 
head  assembly  67  in  a  known  manner.  It  will, 
therefore,  be  appreciated  that  the  variable  speed 
obtainable  by  means  of  the  adjustable  speed  motor 
88  can  be  transmitted  to  the  forming  rollers  74  by 
means  of  the  aforementioned  belts  and  pulleys 
arrangement,  shown  in  Fig.  5,  which  forms  an 
epicyclic  drive  train  which  enables  the  power  from 
the  motor  88  to  be  transmitted  to  the  forming 
rollers  74  independently  of  the  specific  angular 
position  that  the  tool  head  assembly  67  assumes 
about  the  machine  axis  24.  As  with  the  other 
drives,  however,  it  should  be  evident  that  alter- 
native  arrangements  may  be  used,  with  differing 
the  degrees  of  advantage,  as  well  know  to  those 
skilled  in  the  art. 

Referring  to  Figs.  1  and  2,  the  machine  is 
advantageously  provided  with  a  rewinding  system 
generally  designated  by  the  reference  numberal 
154.  The  function  of  the  rewinding  system  is  to 
rewind  or  replenish  strip  material  to  that  spool  32, 
34  which  has  become  depleted.  It  will  be  evident 
that  by  using  two  separate  spools  as  shown,  it  is 
possible  to  take  off  from  one  of  the  spools  while 
the  other  spool,  which  may  be  empty,  is  rewound. 
The  relative  speeds  of  strip  depletion  form  one 
spool  and  rewinding  of  such  strip  material  onto  the 
other  spool  are  are  selected  so  that  the  rewinding 
process  takes  less  time  than  it  takes  to  deplete  a 
spool.  In  this  way,  a  full  spool  is  always  available 
and  ready  to  take  over  when  the  feeding  spool 
becomes  empty. 

In  Fig.  1,  the  rewinding  system  154  is  shown  to 
include  a  flat  pancake  pay-off  assembly  156  which 
includes  a  flat  pancake  158  of  strip  material  of  the 
type  commonly  known  to  those  skilled  in  the  art. 

The  flat  strip  is  usually  purchased  in  a  flat 
pancake  containing  at  maximum  about  800  lbs.  of 
material.  This  quantity  is  sufficient  for  a  reasonable 
production  run  for  small  pipe,  but  would  provide 
only  around  13  metres  (40  ft)  for  a  0.2  metre  (10") 
pipe.  A  dancer  mechanism  160  is  provided  for 
unwinding  the  strip  material  from  each  individual 
strip  pancake  158  under  controlled  tension. 

In  order  to  avoid  stopping  the  machine  every 
few  minutes,  the  present  invention  allows  an  oper- 
ator  to  weld  together  several  pancakes  and  rewind 
the  strip  into  one  of  the  dummy  spools  which  can 
contain  10  to  12  times  the  material  of  the  individual 
packages.  Once  this  is  done,  the  dummy  spool  can 
be  connected  to  the  forming  head  and  product  can 

be  made.  While  this  occurs,  the  operator  will  re- 
wind  and  weld  the  strip  on  the  second  dummy 
spool.  Thus,  the  strip  material  from  each  individual 
strip  pancake  is  advanced  through  a  welding  sta- 

5  tion  162,  the  function  of  which  is  to  weld  the  end  of 
a  strip  pancake  with  the  beginning  of  a  next  suc- 
cessive  strip  pancake  so  as  to  provide  a  continu- 
ous  length  of  strip  material  for  winding  onto  the 
dummy  spools  32,  34.  The  rewinding  system  154 

io  also  includes  a  traverse  assembly  164  which  in- 
cludes  guide  pulleys  166  and  168  which  are 
spaced  from  each  other  and  mounted  for  recipro- 
cating  movement,  as  suggested  by  the  arrows.  The 
pulley  166  is  movable  between  the  position  shown 

is  and  a  position  designated  by  the  reference  numeral 
166'  while  the  pulley  168  similarly  moves  between 
the  position  shown  and  a  position  designated  by 
the  reference  numeral  168'.  Depending  on  which 
dummy  spool  32,  34  is  being  wound  the  strip 

20  material  30  is  deflected  by  the  appropriate  pulley 
which  reciprocates  between  the  end  positions  or 
limits  shown  so  as  to  substantially  traverse  the 
width  of  the  associated  spools  to  thereby  assure 
substantially  even  or  equal  distribution  of  the  flat 

25  strip  over  the  axial  dimension  of  the  spool.  In  Fig. 
1  ,  the  flat  strip  material  30  is  shown  being  unwound 
from  the  dummy  spool  32,  while  the  flat  strip 
material  is  wound  onto  the  dummy  spool  34  by 
means  of  the  deflecting  pulley  168.  Of  course, 

30  when  the  dummy  spool  34  is  being  unwound  the 
pulley  wheel  166  is  used  to  rewind  the  dummy 
spool  32.  In  each  case,  therefore,  each  of  the 
deflecting  pulley  wheels  166,  168  reciprocates  in  a 
direction  substantially  parallel  to  the  machine  axis. 

35  Referring  to  Figs.  1  and  3,  there  is  shown  a 
caterpuller  170  downstream  from  the  machine  and 
arranged  in  line  with  the  machine  axis  24.  The 
caterpuller  170  is  spaced  at  an  appropriate  dis- 
tance  from  the  mandrel  shaft  26  so  that  it  may 

40  engage  the  helically  would  flexible  pipe  as  it  is  cast 
off  from  the  mandrel  shaft  26.  The  caterpuller  170 
serves  both  to  pull  the  finished  product  in  the 
direction  suggested  by  the  arrows,  as  well  as  an- 
gularly  fix  the  position  of  the  finished  product  so  it 

45  does  not  rotate  due  to  the  action  of  the  pressure 
rollers  80  or  due  to  the  rotation  of  the  mandrel 
shaft  itself.  The  construction  and  operation  of  eater- 
pullers  are  well  known  to  those  skilled  in  the  art. 

In  accordance  with  one  feature  of  the  invention, 
50  in  order  to  provide  a  fast  and  efficient  means  to 

start  the  production  of  the  flexible  pipe,  position 
adjusting  means  is  provided,  shown  in  Figs.  1,  3 
and  4,  for  axially  moving  the  mandrel  shaft  up- 
stream  along  the  machine  axis.  Such  retraction 

55  permits  positioning  of  a  pilot  mandrel  extension 
172  such  that  its  upstream  end  is  arranged  in  the 
plane  of  the  closing  pressure  rollers  80.  The  man- 
drel  extension  172  is  not  fixed  or  permanentely 
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attached  to  the  mandrel  shaft  26,  but  is  detachably 
coupled  to  the  mandrel  to  ensure  concentric  align- 
ment  with  the  machine  axis.  With  the  mandrel  shaft 
26  retracted,  the  mandrel  extension  assumes  a 
position  having  one  end  thereof  in  the  plane  of  the 
pressure  rollers  80  and  the  the  other  end  thereof 
extending  through  and  gripped  by  the  caterpuller 
170.  In  this  capacity,  the  mandrel  extension  172 
serves  as  a  pseudo  or  temporary  fixed  mandrel 
upon  which  the  pressure  rollers  80  close  and  inter- 
lock  the  initial  turn  of  the  strip  to  start  the  produc- 
tion  of  the  flexible  pipe.  The  mandrel  extension  172 
prevents  the  rotation  of  the  finished  product  about 
the  machine  axis  24  and  secures  such  product 
against  rotation.  For  this  purpose,  the  mandrel  ex- 
tension  172  is  advantageously  provided  with  a  slot 
or  other  suitable  means  for  gripping  the  free  end  of 
the  strip  material  to  insure  the  formation  of  the 
initial  turns  or  convolutions  of  the  flat  strip  material. 
Any  other  suitable  gripping  means  may,  however, 
also  be  used. 

The  position  adjusting  means  for  the  mandrel 
is  shown  in  Figs.  1,  3  and  4  and  includes  a  hand 
wheel  176  mounted  coaxially  with  machines  axis 
24  which  is  coupled  by  means  of  pin  178  to  a  feed 
screw  180  which  coaxilly  mounted  and  engaged 
with  the  mandrel  shaft  26.  During  initial  production 
of  a  flexible  pipe,  and  operator  rotates  the  hand 
wheel  176  so  as  to  retract  the  mandrel  shaft  as 
above  suggested.  Once  the  mandrel  extension  172 
is  in  place  and  production  of  flexible  pipe  has 
commenced,  the  operator  advantageously  slowly 
truns  the  hand  wheel  176  to  gradually  move  the 
mandrel  shaft  26  downstream  to  compensate  for 
the  advancing  movement  of  the  mandrel  extension 
172  and  the  resulting  product.  The  handwheel  con- 
tinues  to  be  rotated  until  the  mandrel  26  has  been 
returned  to  its  fully  extended  normal  operating  po- 
sition.  Although  a  manual  approach  has  been  de- 
scribed  to  adjust  the  position  of  the  mandrel,  it 
should  be  evident  that  an  automated  system  can 
be  used  for  causing  such  adjustments  or  move- 
ments  of  the  mandrel  shaft  automatically.  After  a 
sufficient  quantity  of  flexible  pipe  174  has  been 
created  and  the  length  of  resulting  pipe  is  sufficient 
to  extend  through  and  be  gripped  by  the  caterpul- 
ler  170,  the  flexible  pipe  is  prevented  from  rotation 
while  it  advances  downstream.  At  such  time,  the 
mandrel  extension  172  has  ceased  to  perform  its 
intended  function  and  may  be  removed  and  sepa- 
rated  from  the  finished  product  and  may  be  reused 
to  start  the  production  of  a  new  pipe. 

As  should  be  evident  from  the  foregoing  de- 
scription,  the  apparatus  in  accordance  with  the 
present  invention  optimizes  the  rapid  and  efficient 
manufacture  of  helically  wound  interlocked  flexible 
pipe,  with  minimum  damage  to  the  finished  product 
and  downtime  of  the  machines.  By  providing  a 

controlled  loop  of  formed  strip  material,  the  appara- 
tus  almost  completely  eliminates  the  likelihood  of 
buckling.  Also,  the  use  of  two  dummy  spools  as 
described  prevents  unnecessary  downtime.  Fur- 

5  thermore,  by  providing  a  storage  loop  of  the  type 
shown  and  described  and  by  axially  spacing  the 
toool  head  assemby  from  the  face  plate  assembly, 
where  forming  and  closing,  respectively,  take  place 
the  formed  strip  material  is  imparted  bends  or 

io  deformations  with  the  desired  bending  of  the  strip 
in  the  formation  of  the  finished  product.  Not  only  is 
the  preformed  strip  material  arranged  in  a  curved 
path  which  promotes  winding  about  a  cylindrical 
mandrel  shaft,  but  the  successive  adjacent  turns 

is  are  arranged,  through  bending,  to  assume  the 
shape  of  a  helical  convolution  suitable  for  formation 
of  the  helically  wound  finished  product. 

While  the  supply  spools  of  the  strip  material 
have  been  described  as  being  located  behind  or 

20  upstream  of  the  rotating  head  64  and  guided  up- 
stream  thereof  for  forming  and  further  processing, 
many  of  the  advantages  of  the  apparatus  can  still 
be  obtained  by  positioning  the  strip  supply  down- 
stream  of  the  rotating  head,  such  as  on  the  rotating 

25  tool  assembly  67.  However,  with  such  an  arrange- 
ment,  the  rotating  head  64  must  be  stopped  to 
reload.  Additionally,  the  constantly  changing  weight 
of  a  depletable  supply  makes  it  almost  impossible 
to  balance  the  rotating  head  except  possibly  at  one 

30  level  of  depletion,  and  this  prevents  operation  of 
the  machine  at  maximum  rotating  speeds. 

While  an  exemplary  embodiment  of  the  inven- 
tion  has  been  as  shown  and  described,  it  will  be 
recogized  that  this  invention  may  be  modified  and 

35  otherwise  variously  embodied  and  practiced  within 
the  scope  of  the  following  claims. 

Claims 

40  1.  Apparatus  for  making  helically  wound  interlock 
flexible  pipe  comprises:  a  rotating  head  (64) 
mounted  for  rotation  about  an  axis  (24)  which 
substantially  coincides  with  the  longitudinal 
axis  of  the  interlocked  flexible  pipe  (66)  to  be 

45  formed,  said  rotating  head  defining  a  front  side 
(64a)  facing  the  direction  where  the  product 
(66)  is  formed  and  an  opposing  rear  side 
(64b) 
strip  supply  means  (28)  for  supplying  strip 

50  material  (30)  to  said  front  side  of  said  rotating 
head; 
driven  forming  means  (75)  for  forming  said 
strip  material  (30)  into  a  formed  strip  having  a 
predetermined  intermediate  cross-sectional 

55  configuration  suitable  for  interlocking  in  a  clos- 
ing  step; 
a  tubular  mandrel  (26)  coaxial  with  said  axis 
projecting  beyond  said  front  side  of  said  rotat- 
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ing  head; 
closing  and  interlocking  means  (80)  mounted 
on  said  front  side  of  said  head  proximate  said 
mandrel  to  close  and  interlock  successively 
adjacent  turns  of  the  formed  strip;  and 
a  loop  size  control  assembly  (86)  co-operable 
with  a  variable  speed  drive  (88)  to  store  a 
variable  length  of  said  formed  strip  (30),  con- 
figured  as  a  loop  (84)  in  a  curved  path,  be- 
tween  said  driven  forming  means  (75)  and  said 
closing  and  interlocking  means  (80) 
the  loop  size  control  assembly  maintaining 
said  loop  at  a  substantially  predetermined  size 
to  thereby  maintain  a  substantially  constant 
supply  or  reservoir  of  formed  strip  between 
said  driven  forming  means  and  said  closing 
and  interlocking  means 
sensing  means  (90)  for  monitoring  the  size  of 
said  loop  (84); 
the  variable  speed  drive  means  (88)  driving 
said  driven  forming  means  (75)  at  a  speed 
which  is  a  function  of  the  size  of  said  loop 
(84), 
whereby  variations  in  the  size  of  the  loop  (84) 
are  substantially  eliminated  and  the  loop  (84)  is 
restored  and  maintained  at  a  nominal  size  by 
compensating  changes  in  the  speed  of  said 
variable  speed  means  (88). 

2.  Apparatus  according  to  Claim  1,  wherein  said 
variable  speed  drive  means  comprises  forming 
rollers  mounted  on  said  rotating  head  and  an 
epicyclic  drive  train  for  coupling  said  forming 
rollers  to  a  stationary  variable  speed  motor. 

3.  Apparatus  according  to  Claim  1,  wherein  said- 
sensing  means  comprises  a  sensing  dancer 
mounted  for  rotation  with  said  rotating  head 
wherein  contractions  and  expansions  in  the 
size  of  said  loop  are  detected  by  engagement 
with  or  abutment  against  said  sensing  dancer. 

4.  Apparatus  according  to  Claim  1,  wherein  said 
strip  supply  means  includes  at  least  one  spool 
of  strip  material  on  said  rear  side  of  said 
rotating  head;  and  guide  means  for  guiding 
said  strip  material  from  said  rear  to  said  front 
side  of  said  rotating  head. 

5.  Apparatus  according  to  Claim  4,  wherein  said 
guide  means  comprises  guide  pulleys  for  guid- 
ing  the  strip  material  from  said  at  least  one 
spool  to  a  position  substantially  coaxial  with 
the  axis  of  said  rotating  head,  and  subse- 
quently  along  said  coaxial  position  to  a  point 
on  the  front  side  of  said  rotating  head. 

6.  Apparatus  according  to  Claim  5,  further  com- 
prising  a  main  shaft  for  supporting  and  rotatab- 
ly  mounting  said  rotating  head,  said  guide 
means  further  comprising  a  longitudinal  sur- 

5  face  slot  or  groove  in  said  main  shaft  for 
receiving  and  guiding  the  strip  material  be- 
tween  entrance  and  exits  points  of  said  shaft 
respectively. 

io  7.  Apparatus  according  to  Claim  6,  further  com- 
prising  a  deflecting  pulley  remotely  mounted 
on  said  rotating  head  from  said  axis  for  receiv- 
ing  radially  outwardly  moving  strip  material 
from  a  spool  on  said  front  side  of  said  rotating 

is  head  and  redirecting  said  strip  material  radially 
inwardly  to  said  drives  forming  means  said 
deflecting  pulley  being  radially  spaced  from 
said  axis  to  a  sufficient  distance  to  allow  a 
twist  of  said  strip  material  about  it  longitudinal 

20  axis. 

8.  Apparatus  of  Claim  1  ,  wherein  said  closing  and 
interlocking  means  comprises  a  plurality  of 
free  rolling  pressure  rollers  mounted  on  said 

25  rotating  head  and  circumferentially  spaced 
from  each  other  about  said  axis. 

9.  Apparatus  of  Claim  1,  wherein  said  rotating 
head  comprises  a  tool  head  assembly  moun- 

30  ted  for  rotation  about  said  axis  for  supporting 
said  driver  forming  means,  and  a  face  plate 
assembly  mounted  for  rotation  about  said  axis 
for  supporting  said  closing  and  interlocking 
means,  said  tool  head  and  face  plate  assem- 

35  blies  being  axially  offset  from  each  other  to 
impart  a  bend  to  the  formed  strip  material 
which  predisposes  the  strip  to  creation  of  hel- 
ical  convolutions  suitable  for  formation  of  the 
helically  wound  interlocked  flexible  pipe. 

40 
10.  Apparatus  of  Claim  4,  wherein  said  strip  supply 

means  comprises  two  spools  on  said  rear  side 
of  said  rotating  head,  said  two  spools  being 
spaced  from  each  other  along  said  axis  and 

45  each  mounted  for  rotation  about  said  axis. 

11.  Apparatus  of  Claim  10,  further  comprising 
take-off  means  mounted  for  rotation  about  said 
axis  for  guiding  strip  material  alternatively  from 

50  one  of  said  spools  and  feeding  said  strip  ma- 
terial  to  said  guide  means. 

12.  Apparatus  according  to  Claim  11,  wherein  said 
take-off  means  comprises  an  elongate  radial 

55  beam  rotatably  mounted  about  said  axis  and 
having  a  free-end  thereof  extending  in  one 
radial  direction  and  extending  beyond  the  rims 
of  said  spools,  and  take-off  pulleys  mounted  at 
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said  free  end  for  receiving  said  strip  material 
from  a  spool  and  directing  same  to  said  guide 
means. 

13.  Apparatus  according  to  Claim  12,  further  com- 
prising  a  counterweight  at  another  end  of  said 
radial  beam  which  extends  in  the  opposite 
radial  direction. 

14.  Apparatus  according  to  Claim  11,  wherein  said 
take-off  means  is  arranged  between  said  two 
spaced  spools,  and  further  comprising  engag- 
ing  means  for  selectively  engaging  one  of  said 
spools  with  said  take-off  means. 

15.  Apparatus  according  to  Claim  14,  wherein  said 
engaging  means  comprises  a  brake  for  provid- 
ing  frictional  engagement  between  a  spool  and 
said  radial  beam. 

16.  Apparatus  according  to  Claim  4,  further  com- 
prising  a  system  for  rewinding  strip  material 
onto  said  spool. 

17.  Apparatus  according  to  Claim  16,  wherein  said 
rewinding  system  includes  a  traverse  for  recip- 
rocating  in  the  direction  parallel  to  said  axis 
and  for  uniformly  distributing  flat  strip  material 
on  said  spool. 

18.  Apparatus  according  to  Claim  17,  further  com- 
prising  welding  means  for  welding  the  ends  of 
elongate  strip  material  prior  to  winding  on  said 
spool,  whereby  long  lengths  of  strip  material 
can  be  stored  on  said  spool. 

19.  Apparatus  according  to  Claim  1,  further  com- 
prising  a  caterpuller  axially  downstream  of  said 
tubular  mandrel;  position  adjusting  means  for 
axially  moving  said  mandrel  between  normal 
and  retracted  positions;  and  a  extension  pilot 
mandrel  adapted  to  be  mounted  coaxially  be- 
tween  said  retracted  position  of  said  tubular 
mandrel  and  said  caterpuller  for  serving  as  a 
temporary  mandrel  until  sufficient  product  has 
been  formed  and  received  within  said  caterpul- 
ler  to  prevent  rotation  of  the  product  during 
formation,  whereby  said  tubular  mandrel  is 
gradually  advanced  as  product  is  formed  until 
said  tubular  mandrel  has  been  returned  to  its 
normal  position. 

20.  Apparatus  according  to  Claim  1,  further  com- 
prising  mandrel  drive  means  for  rotating  said 
tubular  mandrel  about  said  axis  in  relation  to 
said  rotating  head. 

21.  Apparatus  according  to  Claim  20,  wherein  said 
mandrel  drive  means  includes  means  for  driv- 
ing  said  tubular  mandrel  in  a  direction  opposite 
to  the  direction  of  rotation  of  said  rotating 

5  head. 

22.  Apparatus  according  to  Claim  1  ,  further  includ- 
ing  a  caterpuller  (170)  axially  downstream  of 
said  tubular  mandrel  (26); 

io  position  adjusting  means  (176,  180)  for  axially 
moving  said  mandrel  between  normal  and  re- 
tracted  positions;  and 
an  extension  pilot  mandrel  (172)  adapted  to  be 
mounted  coaxially  between  said  retracted  posi- 

15  tion  of  said  tubular  mandrel  and  said  caterpul- 
ler  for  serving  as  a  temporary  mandrel  until 
sufficient  product  has  been  formed  and  re- 
ceived  within  said  caterpuller  to  prevent  rota- 
tion  of  the  product  during  formation  whereby 

20  said  tubular  mandrel  is  gradually  advanced  as 
product  is  formed  until  said  tubular  mandrel 
has  been  returned  to  its  normal  position. 

Patentanspruche 
25 

1.  Vorrichtung  zur  Herstellung  schraubenformig 
gewundener,  verriegelter  biegsamer  Rohrlei- 
tungen,  die  folgendes  umfaBt: 
einen  Drehkopf  (64),  der  zur  Drehung  urn  eine 

30  Achse  (24),  die  im  wesentlichen  mit  der  Langs- 
achse  der  zu  formenden  verriegelten  biegsa- 
men  Rohrleitung  (66)  zusammenfallt,  ange- 
bracht  ist,  wobei  der  Drehkopf  eine  Vorderseite 
(64a),  die  der  Richtung  zugewandt  ist,  wo  das 

35  Produkt  (66)  geformt  wird,  und  eine  gegen- 
uberliegende  Ruckseite  (64b)  definiert; 
Bandzufuhrmittel  (28),  urn  der  Vorderseite  des 
Drehkopfs  Bandmaterial  (30)  zuzufuhren; 
angetriebene  Formmittel  (75),  urn  das  Band- 

40  material  (30)  zu  einem  geformten  Band  mit 
einer  vorbestimmten  Zwischenquerschnittskon- 
figuration,  die  zum  Verriegeln  in  einem 
SchlieBschritt  geeignet  ist,  zu  formen; 
einen  rohrenformigen  Dorn  (26),  der  mit  der 

45  uber  die  Vorderseite  des  Drehkopfs  hinausra- 
genden  Achse  koaxial  ist; 
ein  SchlieB-  und  Verriegelungsmittel  (80),  das 
an  der  Vorderseite  des  Kopfes  in  der  Nahe 
des  Dorns  angebracht  ist,  urn  benachbarte 

50  Windungen  des  geformten  Bandes  nacheinan- 
der  zu  verriegeln;  und 
eine  Steuervorrichtung  (86)  fur  die  Schleifen- 
groBe,  die  mit  einem  Regelantrieb  (88)  zusam- 
menwirken  kann,  urn  eine  variable  Lange  des 

55  geformten  Bandes  (30)  zu  speichern,  die  als 
Schleife  (84)  in  einer  gekrummten  Bahn  zwi- 
schen  dem  angetriebenen  Formmittel  (75)  und 
dem  SchlieB-  und  Verriegelungsmittel  (80)  kon- 
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figuriert  ist, 
wobei  die  Steuervorrichtung  fur  die  Schleifen- 
groBe  die  Schleife  auf  einer  im  wesentlichen 
vorbestimmten  GroBe  halt,  urn  dadurch  einen 
im  wesentlichen  konstanten  Vorrat  oder  Spei-  5 
cher  an  geformtem  Band  zwischen  dem  ange- 
triebenen  Formmittel  und  dem  SchlieB-  und 
Verriegelungsmittel  aufrechtzuerhalten; 
einen  Abtaster  (90)  zum  Uberwachen  der  Gro- 
Be  der  Schleife  (84),  w 
wobei  das  Regelantriebsmittel  (88)  das  ange- 
triebene  Formmittel  (75)  mit  einer  Drehzahl 
antreibt,  die  von  der  GroBe  der  Schleife  (84) 
abhangt,  wodurch  Anderungen  der  GroBe  der 
Schleife  (84)  im  wesentlichen  beseitigt  werden,  is 
und  die  Schleife  (84)  durch  ausgleichende 
Drehzahlanderungen  des  Regelantriebsmittels 
(88)  wiederhergestellt  und  auf  einer  NenngroBe 
gehalten  wird. 

20 
2.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  Re- 

gelantriebsmittel  an  dem  Drehkopf  angebrach- 
te  Formwalzen  und  ein  Umlaufgetriebe  umfaBt, 
das  die  Formwalzen  mit  einem  ortsfesten  Re- 
gelmotor  verbindet.  25 

3.  Vorrichtung  nach  Anspruch  1  ,  bei  der  der  Ab- 
taster  einen  Abtast-Tanzer  zur  Drehung  mit 
dem  Drehkopf  umfaBt,  wobei  Zusammenziehen 
und  Ausdehnen  dar  Schleife  durch  Eingriff  mit  30 
einem  oder  AnstoBen  an  einen  Abtast-Tanzer 
erfaBt  werden. 

4.  Vorrichtung  nach  Anspruch  1,  bei  der  das 
Bandzufuhrmittel  mindestens  eine  Spule  Band-  35 
material  auf  der  Ruckseite  des  Drehkopfes  und 
Fuhrungsmittel  zum  Fuhren  des  Bandmaterials 
von  der  Ruck-  zur  Vorderseite  des  Drehkopfs 
aufweist. 

40 
5.  Vorrichtung  nach  Anspruch  4,  bei  der  das  Fuh- 

rungsmittel  Fuhrungsrollen  zum  Fuhren  des 
Bandmaterials  von  der  mindestens  einen  Spule 
zu  einer  im  wesentlichen  mit  der  Achse  das 
Drehkopfs  koaxialen  Position  und  danach  ent-  45 
lang  der  koaxialen  Position  zu  einer  Stelle  auf 
der  Vorderseite  des  Drehkopfs  aufweist. 

6.  Vorrichtung  nach  Anspruch  5,  die  weiterhin 
eine  Hauptwelle  zum  Stutzen  und  drehbaren  50 
Lagern  des  Drehkopfs  umfaBt,  wobei  das  Fuh- 
rungsmittel  weiterhin  eine(n)  langliche(n)  Ober- 
flachennut  oder  Oberflachenschlitz  in  der 
Hauptwelle  umfaBt,  urn  das  Bandmaterial  zwi- 
schen  den  Eintritts-  bzw.  Austrittsstellen  der  55 
Welle  aufzunehmen  und  zu  fuhren. 

7.  Vorrichtung  nach  Anspruch  6,  die  weiterhin 
eine  am  von  der  Achse  entfernten  Ende  am 
Drehkopf  angebrachte  Umlenkrolle  umfaBt,  urn 
von  einer  Spule  an  der  Vorderseite  des  Dreh- 
kopfs  sich  radial  nach  auBen  bewegendes 
Bandmaterial  aufzunehmen  und  das  Bandma- 
terial  radial  nach  innen  zu  den  angetriebenen 
Formmitteln  umzulenken,  wobei  die  Umlenkrol- 
le  von  der  Achse  ausreichend  radial  beabstan- 
det  ist,  urn  eine  Verdrehung  des  Bandmaterials 
urn  seine  Langsachse  zu  gestatten. 

8.  Vorrichtung  nach  Anspruch  1,  bei  der  das 
SchlieB-  und  Verriegelungsmittel  eine  Mehrzahl 
von  sich  frei  drehenden  Druckwalzen  umfaBt, 
die  am  Drehkopf  angebracht  sind  und  urn  den 
Achsumfang  herum  voneinander  beabstandet 
sind. 

9.  Vorrichtung  nach  Anspruch  1,  bei  der  der 
Drehkopf  eine  Werkzeugkopfvorrichtung,  die 
zur  Drehung  urn  die  Achse  zum  Stutzen  des 
angetriebenen  Formmittels  angebracht  ist,  und 
eine  Mitnehmerscheibenvorrichtung  umfaBt, 
die  zur  Drehung  urn  die  Achse  zum  Stutzen 
des  SchlieB-  und  Verriegelungsmittels  ange- 
bracht  ist,  wobei  die  Werkzeugkopf-  und  Mit- 
nehmerscheibenvorrichtungen  axial  gegenein- 
ander  versetzt  sind,  urn  dem  geformten  Band- 
material  eine  Biegung  zu  verleihen,  wodurch 
das  Band  auf  die  Bildung  schraubenformiger 
Windungen  vorbereitet  wird,  die  zur  Formung 
der  schraubenformig  gewundenen,  verriegelten 
biegsamen  Rohrleitungen  geeignet  sind. 

10.  Vorrichtung  nach  Anspruch  4,  bei  der  das 
Bandzufuhrmittel  auf  der  Ruckseite  des  Dreh- 
kopfs  zwei  Spulen  umfaBt,  die  entlang  der  Ach- 
se  voneinander  beabstandet  und  jeweils  zur 
Drehung  urn  die  Achse  angebracht  sind. 

11.  Vorrichtung  nach  Anspruch  10,  die  weiterhin 
ein  Abnahmemittel  umfaBt,  das  zur  Drehung 
urn  die  Achse  zum  Fuhren  von  Bandmaterial 
jeweils  abwechselnd  von  den  Spulen  und  Zu- 
fuhren  des  Bandmaterials  zum  Fuhrungsmittel 
angebracht  ist. 

12.  Vorrichtung  nach  Anspruch  11,  bei  der  das 
Abnahmemittel  einen  langlichen  radialen  Tra- 
ger,  der  drehbar  urn  die  Achse  angeordnet  ist 
und  dessen  eines  freie  Ende  sich  in  eine  radia- 
le  Richtung  und  uber  die  Rander  der  Spulen 
hinaus  erstreckt,  und  Abnahmescheiben  um- 
faBt,  die  an  dem  freien  Ende  zur  Aufnehme 
des  Bandmaterials  von  einer  Spule  und  Lenken 
desselben  zum  Fuhrungsmittel  angebracht 
sind. 

11 



21 EP  0  335  969  B1 22 

13.  Vorrichtung  nach  Anspruch  12,  die  weiterhin 
ein  Gegengewicht  am  anderen  Ende  des  radia- 
len  Tragers  umfaBt,  das  sich  in  der  entgegen- 
gesetzten  radialen  Richtung  erstreckt. 

14.  Vorrichtung  nach  Anspruch  11,  bei  der  das 
Abnahmemittel  zwischen  den  beiden  beabstan- 
deten  Spulen  angeordnet  ist,  und  die  weiterhin 
Eingriffsmittel  zum  selektiven  Eingriff  in  eine 
der  Spulen  mit  dem  Abnahmemittel  umfaBt. 

15.  Vorrichtung  nach  Anspruch  14,  bei  der  das 
Eingriffsmittel  eine  Bremse  zur  Herstellung  von 
reibschlussigem  Eingriff  zwischen  einer  Spule 
und  dem  radialen  Trager  umfaBt. 

16.  Vorrichtung  nach  Anspruch  4,  die  weiterhin  ein 
System  zur  Neuwicklung  von  Bandmaterial  auf 
die  Spule  umfaBt. 

17.  Vorrichtung  nach  Anspruch  16,  bei  der  das 
Neuwickelsystem  einen  Quertrager  zur  Hin- 
und  Herbewegung  in  paralleler  Richtung  zur 
Achse  und  zum  gleichmaBigen  Verteilen  des 
flachen  Bandmaterials  auf  der  Spule  aufweist. 

18.  Vorrichtung  nach  Anspruch  17,  die  weiterhin 
SchweiBmittel  zum  VerschweiBen  der  Enden 
des  langlichen  Bandmaterials  vor  dem  Aufwik- 
keln  auf  die  Spule  umfaBt,  wodurch  lange 
Bandmateriallangen  auf  der  Spule  gespeichert 
werden  konnen. 

19.  Vorrichtung  nach  Anspruch  1,  die  weiterhin 
einen  Raupenabzug  in  Axialrichtung  hinter  dem 
rohrenformigen  Dorn,  Positionseinstellmittel 
zur  Axialbewegung  des  Dorns  zwischen  der 
Normal-  und  zuruckgezogenen  Position  und  ei- 
nen  Verlangerungsfuhrungsdorn  umfaBt,  der 
koaxial  zwischen  der  zuruckgezogenen  Posi- 
tion  des  rohrenformigen  Dorns  und  dem  Rau- 
penabzug  angebracht  werden  kann,  urn  als 
vorlaufiger  Dorn  zu  dienen,  bis  genugend  Pro- 
dukt  geformt  und  in  dem  Raupenabzug  aufge- 
nommen  worden  ist,  urn  das  Drehen  des  Pro- 
dukts  beim  Formvorgang  zu  verhindern,  wobei 
der  rohrenformige  Dorn  mit  Bildung  des  Pro- 
dukts  allmahlich  nach  vorne  bewegt  wird,  bis 
er  in  seine  Normalposition  zuruckgekehrt  ist. 

20.  Vorrichtung  nach  Anspruch  1  ,  die  weiterhin  ein 
Dornantriebsmittel  zum  Drehen  des  rohrenfor- 
migen  Dorns  urn  die  Achse  gegenuber  dem 
Drehkopf  umfaBt. 

21.  Vorrichtung  nach  Anspruch  20,  bei  der  das 
Dornantriebsmittel  ein  Mittel  zum  Antreiben 
des  rohrenformigen  Dorns  in  einer  Richtung 

umfaBt,  die  der  Drehrichtung  des  Drehkopfs 
entgegengesetzt  ist. 

22.  Vorrichtung  nach  Anspruch  1,  die  weiterhin 
5  folgendes  aufweist: 

einen  Raupenabzug  (170)  in  Axialrichtung  hin- 
ter  dem  rohrenformigen  Dorn  (26); 
ein  Positionseinstellmittel  (176,  180)  zum  Be- 
wegen  des  Dorns  in  Axialrichtung  zwischen  der 

io  Normal-  und  zuruckgezogenen  Position;  und 
einen  Verlangerungsfuhrungsdorn  (172),  der 
koaxial  zwischen  der  zuruckgezogenen  Posi- 
tion  des  rohrenformigen  Dorns  und  dem  Rau- 
penabzug  angebracht  werden  kann,  urn  als 

is  vorlaufiger  Dorn  zu  dienen,  bis  ausreichend 
Produkt  geformt  und  im  Raupenabzug  aufge- 
nommen  ist,  urn  das  Drehen  des  Produkts 
beim  Formvorgang  zu  verhindern,  wobei  der 
rohrenformige  Dorn  mit  Bildung  des  Produkts 

20  allmahlich  nach  vorne  bewegt  wird,  bis  er  in 
seine  Normalposition  zuruckgekehrt  ist. 

Revendicatlons 

25  1.  Appareil  pour  fabriquer  un  tube  flexible  a  ver- 
rouillage  enroule  en  helice  comprenant  : 
une  tete  rotative  (64)  montee  pour  tourner  au- 
tour  d'un  axe  (24)  qui  coincide  substantielle- 
ment  avec  I'axe  longitudinal  du  tube  flexible  a 

30  verrouillage  (66)  a  former,  ladite  tete  rotative 
definissant  un  cote  avant  (64a)  faisant  face  a  la 
direction  ou  le  produit  (66)  est  forme  et  un 
cote  arriere  oppose  (64b); 
des  moyens  (28)  de  fourniture  de  bande  pour 

35  fournir  une  bande  de  matiere  (30)  audit  cote 
avant  de  ladite  tete  rotative; 
des  moyens  de  formage  menes  (75)  pour  for- 
mer  ladite  bande  de  matiere  (30)  en  une  ban- 
de  formee  ayant  une  configuration  tranversale 

40  intermediate  predetermined  qui  convient  pour 
le  verrouillage  dans  une  etape  de  fermeture; 
un  mandrin  tubulaire  (26)  coaxial  audit  axe  en 
saillie  au-dela  dudit  cote  avant  de  ladite  tete 
rotative; 

45  des  moyens  de  fermeture  et  de  verrouillage 
(80)  montes  sur  ledit  cote  avant  de  ladite  tete 
pres  dudit  mandrin  pour  fermer  et  verrouiller 
successivement  des  spires  adjacentes  de  la 
bande  formee;  et 

50  un  ensemble  (86)  de  controle  de  la  taille  de  la 
boucle  actionnable  avec  une  transmission  a 
vitesse  variable  (88)  pour  accumuler  une  lon- 
gueur  variable  de  ladite  bande  formee  (30), 
configured  en  une  boucle  (84)  dans  un  trajet 

55  courbe,  entre  lesdits  moyens  de  formage  me- 
nes  (75)  et  lesdits  moyens  de  fermeture  et  de 
verrouillage  (80); 
I'ensemble  de  controle  de  la  taille  de  la  boucle 
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maintenant  ladite  boucle  a  une  taille  substan- 
tiellement  predetermined; 
pour  ainsi  maintenir  une  alimentation  ou  une 
reserve  substantiellement  constante  de  bande 
formee  entre  lesdits  moyens  de  formage  me- 
nes  et  lesdits  moyens  de  fermeture  et  de 
verrouillage; 
des  moyens  de  dedetection  (90)  pour  surveiller 
la  taille  de  ladite  boucle  (84); 
les  moyens  de  transmission  a  vitesse  variable 
(88)  entraTnant  lesdits  moyens  de  formage  me- 
nes  (75)  a  une  vitesse  qui  est  fonction  de  la 
taille  de  ladite  boucle  (84); 
de  ce  fait  des  variations  dans  la  taille  de  la 
boucle  (84)  etant  substantiellement  eliminees 
et  la  boucle  (84)  etant  ramenee  et  maintenue  a 
une  taille  nominale  par  des  changements  com- 
pensateurs  dans  la  vitesse  desdits  moyens  a 
vitesse  variable  (88). 

2.  Appareil  suivant  la  revendication  1  ,  dans  lequel 
lesdits  moyens  de  transmission  a  vitesse  va- 
riable  comprennent  des  galets  de  formage 
montes  sur  ladite  tete  rotative  et  un  train  d'en- 
traTnement  planetaire  pour  coupler  lesdits  ga- 
lets  de  formage  a  un  moteur  fixe  a  vitesse 
variable. 

3.  Appareil  suivant  la  revendication  1  ,  dans  lequel 
lesdits  moyens  de  detection  comprennent  un 
danseur  de  detection  monte  pour  tourner  avec 
ladite  tete  rotative,  dans  lequel  les  contractions 
et  les  expansions  dans  la  taille  de  ladite  boucle 
sont  detectees  par  contact  avec  ou  par  butee 
contre  ledit  danseur  de  detection. 

4.  Appareil  suivant  la  revendication  1  ,  dans  lequel 
lesdits  moyens  de  fourniture  de  bande  com- 
prennent  au  moins  une  bobine  de  bande  de 
matiere  sur  ledit  cote  arriere  de  ladite  tete 
rotative,  et  des  moyens  de  guidage  pour  gui- 
der  ladite  bande  de  matiere  a  partir  dudit  cote 
arriere  jusqu'audit  cote  avant  de  ladite  tete 
rotative. 

5.  Appareil  suivant  la  revendication  4,  dans  lequel 
lesdits  moyens  de  guidage  comprennent  des 
poulies  de  guidage  pour  guider  la  bande  de 
matiere  a  partir  de  ladite  au  moins  une  bobine 
jusqu'a  une  position  substantiellement  coaxiale 
a  I'axe  de  ladite  tete  rotative,  et  par  la  suite  le 
long  de  ladite  position  coaxiale  jusqu'a  un 
point  sur  le  cote  avant  de  ladite  tete  rotative. 

6.  Appareil  suivant  la  revendication  5,  compre- 
nant  en  plus  un  arbre  principal  pour  le  support 
et  le  montage  rotatif  de  ladite  tete  rotative, 
lesdits  moyens  de  guidage  comprenant  en 

plus  une  fente  ou  une  rainure  superficielle  lon- 
gitudinale  dans  ledit  arbre  principal  pour  rece- 
voir  et  guider  la  bande  de  matiere  respective- 
ment  entre  les  points  d'entree  et  de  sortie 

5  dudit  arbre. 

7.  Appareil  suivant  la  revendication  6,  compre- 
nant  en  plus  une  poulie  de  deviation  montee 
sur  ladite  tete  rotative  a  distance  dudit  axe 

io  pour  recevoir  la  bande  de  matiere  se  depla- 
gant  radialement  vers  I'exterieur  depuis  une 
bobine  sur  ledit  cote  avant  de  ladite  tete  rotati- 
ve  et  pour  rediriger  ladite  bande  de  matiere 
radialement  vers  I'interieur  vers  lesdits  moyens 

is  de  formage  menes,  ladite  poulie  de  deviation 
etant  radialement  espacee  dudit  axe  d'une  dis- 
tance  suffisante  pour  permettre  une  torsion  de 
ladite  bande  de  matiere  autour  de  son  axe 
longitudinal. 

20 
8.  Appareil  suivant  la  revendication  1  ,  dans  lequel 

lesdits  moyens  de  fermeture  et  de  verrouillage 
comprennent  une  pluralite  de  rouleaux  de 
pression  a  roulement  libre  montes  sur  ladite 

25  tete  rotative  et  espaces  I'un  de  I'autre  par  une 
circonference  autour  dudit  axe. 

9.  Appareil  suivant  la  revendication  1  ,  dans  lequel 
ladite  tete  rotative  comprend  un  ensemble  de 

30  tete  d'outil  monte  pour  tourner  autour  dudit  axe 
pour  supporter  lesdits  moyens  de  formage  me- 
nes,  et  un  ensemble  de  plaque  de  face  monte 
pour  tourner  autour  dudit  axe  pour  supporter 
lesdits  moyens  de  fermeture  et  de  verrouillage, 

35  lesdits  ensembles  de  tete  d'outil  et  de  plaque 
de  face  etant  axialement  decles  I'un  par  rap- 
port  a  I'autre  pour  imprimer  a  la  bande  de 
matiere  formee  un  cintrage  qui  predispose  la 
bande  a  la  creation  de  spires  helicoidales  qui 

40  conviennent  pour  la  formation  du  tube  flexible 
a  verrouillage  enroule  en  helice. 

10.  Appareil  suivant  la  revendication  4,  dans  lequel 
lesdits  moyens  de  fourniture  de  bande  com- 

45  prennent  deux  bobines  sur  ledit  cote  arriere  de 
ladite  tete  rotative,  lesdites  deux  bobines  etant 
espacees  I'une  de  I'autre  le  long  dudit  axe  et 
chacune  etant  montee  pour  tourner  autour  du- 
dit  axe. 

50 
11.  Appareil  suivant  la  revendication  10,  compre- 

nant  en  plus  des  moyens  de  prelevement 
montes  pour  tourner  autour  dudit  axe  pour 
guider  la  bande  de  matiere  alternativement  a 

55  partir  d'une  desdites  bobines  et  amener  ladite 
bande  de  matiere  vers  lesdits  moyens  de  gui- 
dage. 

13 
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12.  Appareil  suivant  la  revendication  11,  dans  le- 
quel  lesdits  moyens  de  prelevement  compren- 
nent  une  poutre  radiale  allongee  montee  de 
fagon  rotative  autour  dudit  axe  et  ayant  son 
extremite  libre  qui  s'etend  dans  une  direction 
radiale  et  qui  s'etend  au-dela  des  jantes  desdi- 
tes  bobines,  et  des  poulies  de  prelevement 
montees  a  ladite  extremite  libre  pour  recevoir 
ladite  bande  de  matiere  a  partir  d'une  bobine 
et  la  diriger  vers  lesdits  moyens  de  guidage. 

13.  Appareil  suivant  la  revendication  12,  compre- 
nant  en  plus  un  contrepoids  a  une  autre  extre- 
mite  de  ladite  poutre  radiale  qui  s'etend  dans 
la  direction  radiale  opposee. 

I'interieur  de  ladite  chenille  de  tirage  pour  em- 
pecher  la  rotation  du  produit  pendant  la  forma- 
tion,  ledit  mandrin  tubulaire  etant  ainsi  graduel- 
lement  avance  tandis  que  le  produit  est  forme 

5  jusqu'a  ce  que  ledit  mandrin  tubulaire  ait  ete 
ramene  a  sa  position  normale. 

20.  Appareil  suivant  la  revendication  1,  compre- 
nant  en  plus  des  moyens  d'entraTnement  du 

io  mandrin  pour  faire  tourner  ledit  mandrin  tubu- 
laire  autour  dudit  axe  par  rapport  a  ladite  tete 
rotative. 

21.  Appareil  suivant  la  revendication  20,  dans  le- 
15  quel  lesdits  moyens  d'entraTnement  du  man- 

drin  comprennent  des  moyens  pour  entraTner 
ledit  mandrin  tubulaire  dans  un  sens  oppose 
au  sens  de  rotation  de  ladite  tete  rotative. 

20  22.  Appareil  suivant  la  revendication  1,  compre- 
nant  en  plus  une  chenille  de  tirage  (170)  axia- 
lement  en  aval  dudit  mandrin  tubulaire  (26); 
des  moyens  d'ajustement  de  position  (176, 
180)  pour  deplacer  axialement  ledit  mandrin 

25  entre  des  positions  normale  et  retractee; 
et 
un  mandrin  pilote  d'extension  (172)  adapte 
pour  etre  monte  coaxialement  entre  ladite  posi- 
tion  retractee  dudit  mandrin  tubulaire  et  ladite 

30  chenille  de  tirage  pour  servir  de  mandrin  tem- 
poraire  jusqu'a  ce  qu'une  quantite  suffisante 
de  produit  ait  ete  formee  et  regue  a  I'interieur 
de  ladite  chenille  de  tirage  pour  empecher  la 
rotation  du  produit  pendant  la  formation,  ledit 

35  mandrin  tubulaire  etant  ainsi  graduellement 
avance  tandis  que  le  produit  est  forme  jusqu'a 
ce  que  ledit  mandrin  tubulaire  ait  ete  ramene  a 
sa  position  normale. 

14.  Appareil  suivant  la  revendication  11,  dans  le- 
quel  lesdits  moyens  de  prelevement  sont  dis- 
poses  entre  lesdites  deux  bobines  espacees, 
et  comprenant  en  plus  des  moyens  de  contact  20 
pour  attaquer  selectivement  une  desdites  bobi- 
nes  avec  lesdits  moyens  de  prelevement. 

15.  Appareil  suivant  la  revendication  14,  dans  le- 
quel  lesdits  moyens  de  contact  comprennent  25 
un  frein  pour  provoquer  un  contact  de  friction 
entre  une  bobine  et  ladite  poutre  radiale. 

16.  Appareil  suivant  la  revendication  4,  compre- 
nant  en  plus  un  systeme  pour  rebobiner  la  30 
bande  de  matiere  sur  ladite  bobine. 

17.  Appareil  suivant  la  revendication  16,  dans  le- 
quel  ledit  systeme  de  rebobinage  comprend 
une  traverse  animee  d'un  mouvement  alterne  35 
dans  la  direction  parallele  audit  axe  et  destinee 
a  distribuer  uniformement  la  bande  de  matiere 
plate  sur  ladite  bobine. 

18.  Appareil  suivant  la  revendication  17,  compre-  40 
nant  en  plus  des  moyens  de  soudage  pour 
souder  les  extremites  de  la  bande  de  matiere 
allongee  avant  de  I'enrouler  sur  ladite  bobine, 
grace  auxquels  de  grandes  longueurs  de  ban- 
de  de  matiere  peuvent  etre  accumulees  sur  45 
ladite  bobine. 

19.  Appareil  suivant  la  revendication  1,  compre- 
nant  une  chenille  de  triage  axialement  en  aval 
dudit  mandrin  tubulaire;  des  moyens  d'ajuste-  50 
ment  de  position  pour  deplacer  axialement  le- 
dit  mandrin  entre  des  positions  normale  et 
retractee;  et  un  mandrin  pilote  d'extension 
adapte  pour  etre  monte  coaxialement  entre 
ladite  position  retractee  dudit  mandrin  tubulaire  55 
et  ladite  chenille  de  tirage  pour  servir  de  man- 
drin  temporaire  jusqu'a  de  qu'une  quantite  suf- 
fisante  de  produit  ait  ete  formee  et  regue  a 
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