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Description 

This  invention  relates  to  a  method  of  applying  to  an  object  an  article  that  comprises  two,  or  more, 
layers  of  heat-recoverable  material,  and  to  such  an  article. 

5  A  heat-recoverable  article  is  an  article  the  dimensional  configuration  of  which  may  be  made  to  change 
appreciably  when  subjected  to  heat  treatment. 

Usually  these  articles  recover,  on  heating,  towards  an  original  shape  from  which  they  have  previously 
been  deformed  but  the  term  "heat-recoverable",  as  used  herein,  also  includes  an  article  which,  on  heating, 
adopts  a  new  configuration,  even  if  it  has  not  been  previously  deformed. 

10  In  their  most  common  form,  such  articles  comprise  a  heat-shrinkable  sleeve  made  from  a  polymeric 
material  exhibiting  the  property  of  elastic  or  plastic  memory  as  described,  for  example,  in  U.S.  Patents 
2,027,962;  3,086,242  and  3,597,372.  As  is  made  clear  in,  for  example,  U.S.  Patent  2,027,962,  the  original 
dimensionally  heat-stable  form  may  be  a  transient  form  in  a  continuous  process  in  which,  for  example,  an 
extruded  tube  is  expanded,  whilst  hot,  to  a  dimensionally  heat-unstable  form  but,  in  other  applications,  a 15  preformed  dimensionally  heat  stable  article  is  deformed  to  a  dimensionally  heat  unstable  form  in  a 
separate  stage. 

The  polymeric  material  may  be  cross-linked  at  any  stage  in  its  production  that  will  enhance  the  desired 
dimensional  recoverability.  One  manner  of  producing  a  heat-recoverable  article  comprises  shaping  the 
polymeric  material  into  the  desired  heat-stable  form,  subsequently  cross-linking  the  polymeric  material, 20  heating  the  article  to  a  temperature  above  the  crystalline  melting  point  or,  for  amorphous  materials  the 
softening  point,  as  the  case  may  be,  of  the  polymer,  deforming  the  article  and  cooling  the  article  whilst  in 
the  deformed  state  so  that  the  deformed  state  of  the  article  is  retained.  In  use,  since  the  deformed  state  of 
the  article  is  heat-unstable,  application  of  heat  will  cause  the  article  to  assume  its  original  heat-stable 
shape. 

25  Heat-recoverable  articles  are  well  known  for  encapsulating  power  cables,  telecommunications  cables, 
pipelines  etcetera  by  being  shrunk  therearound  to  provide  electrical  and/or  mechanical  protection.  Alterna- 
tively,  heat-recoverable  articles  may  be  arranged  to  expand,  or  otherwise  deform,  so  as  to  contact  a 
surrounding  body,  for  example  to  provide  an  internal  lining  for  a  pipeline,  for  corrosion  protection  for 
example,  especially  at  a  joint  between  pipes,  or  at  a  region  of  weakness.  Such  articles  may  be  tubular,  that 

30  is  to  say  hollow  and  have  one  or  two  open  ends  (for  example,  end  caps  or  sleeves  respectively),  and  the 
tubular  configuration  may  be  preformed,  as  by  extrusion  or  moulding  for  example,  or  may  be  formed  in 
situ  from  a  sheet  and  a  suitable  closure  arrangement.  Although  the  tubular  articles  may  be  of  right- 
cylindrical  configuration,  it  is  also  envisaged  that  they  be  of  "L",  "T",  "Y",  or  other  configuration.  The 
tubular  articles  may,  but  need  not,  be  of  uniform  cross-section. 

35  It  is  often  necessary  to  apply  a  total  thickness  of  heat-recoverable  material  in  excess  of  about  three 
millimetres,  sometimes  in  excess  of  five  millimetres,  and  occasionally  about  twelve  to  fifteen  or  more 
millimetres  thickness.  Such  applications  arise,  for  example  in  terminating  (with  a  sleeve  or  end  cap)  or 
jointing  power  cables,  and  especially  high  voltage  cables,  where  the  required  thickness  of  insulation 
increases  with  the  voltage  class  of  the  cable,  and  where  stress  grading  and  electrical  screening  may  also  be 

40  required.  Such  thickness  may  be  provided  by  shrinking  successively  a  plurality  of  comparatively  thin  wall 
tubes,  at  feast  some  of  which  may  be  co-extruded  or  co-moulded,  but  this  can  be  time-consuming  and 
requires  handling  of  a  comparatively  large  number  of  components.  Furthermore,  problems  may  also  arise 
with  the  formation  of  voids,  or  entrapment  of  contamination,  at  the  interfaces  between  successive  tubes, 
and  clearly  this  would  be  exacerbated  with  a  large  number  of  interfaces.  Severe  difficulties  are  faced, 

45  however,  in  heat-recovering  a  single  component  that  has  an  expanded  thickness  greater  than  about  three 
millimetres.  Such  components  require  long  heating  times  and  often  the  installer,  in  order  to  speed  up  the 
process,  tends  to  overheat  the  part  which  may  result  in  severe  damage  to  the  heated  surface  by  burning  or 
blistering.  Conversely,  the  installer  may  be  too  careful  and,  in  order  to  prevent  overheating,  may  not  heat 
the  component  sufficiently.  The  result  may  be  a  component  which  has  not  recovered  completely,  leaving 50  interfacial  voids  underneath.  In  some  cases  where  the  recovery  forces  from  the  outer  layers  of  the 
component  are  too  high  and  the  innermost  layers  have  not  yet  reached  their  shrink  temperature,  severe 
wrinkling  can  occur  at  the  inner  surface,  which  cannot  easily  be  detected  externally. 

One  solution  to  the  heat-recovery  of  thick  wall  components  is  disclosed  in  British  Patent  specification 
No.  1440524  where  a  heat-shrinkable  member  is  used  in  its  expanded  condition  to  hold  out,  for  example  by 

55  being  bonded  to,  a  stretched  elastomeric  member,  which  may  be  inside  or  outside  the  heat-shrinkable 
member.  Thus,  the  required  thickness  is  provided  by  both  members,  but  in  order  to  obtain  recovery  only 
sufficient  heat  is  required  to  cause  the  heat  recoverable  member  to  reach  its  crystalline  melting 
temperature,  and  this  takes  a  comparatively  short  time.  This  solution  does,  however,  have  limitations,  in 
that  with  the  heat-shrinkable  material  on  the  outside,  the  relative  thickness  of  the  two  members  has  to  be 

60  such  that  the  hold  out  member  can  withstand  the  inherent  restoring  force  of  the  stretched  elastomeric 
member  so  as  to  avoid  premature  collapse  of  the  article.  High  performance  adhesives  may  be  required  to 
prevent  interfacial  disbonding  of  the  article,  and  this  adds  to  the  cost  of  production. 

It  is  an  object  of  the  present  invention  to  provide  a  method  of  and  article  for  disposing  comparatively 
thick,  heat-recoverable  material,  that  is  to  say  material  that  is  of  at  least  about  three  millimetre  thickness 

65  before  recovery,  on  to  an  object. 
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In  accordance  with  one  aspect  ot  tne  present  mveimun,  mc*  .o  ~  ;  .  ,  "  :  rr  ;"p!„  :Wl, 
object  an  article  that  comprises  two,  or  more,  layers  of  heat-recoverable  material  Javing  appreciabty 

different  recovery  temperatures,  wherein  the  article  is  arranged  to  be  in  a  generally  tubular  shape  p  ior  to 

recovery,  with  one  of  said  layers  inside  and  in  thermal  contact  with  the  other  of  said  layers,  wherein  the 

article  is  disposed  so  as  to  be  recovered  into  substantial  conformity  with  the  object  with  the  layer  having 

the  lower  recovery  temperature  disposed  between  the  object  and  the  other  layer  and  wherein  heat  ,s 

directed  on  to  the  higher  recovery  temperature  layer  of  the  article  in  such  a  manner  that  the  lower  recovery 

temperature  layer  reaches  its  recovery  temperature  before  the  other  layer  starts  to  recover 
It  will  be  appreciated  that  the  heat  to  recover  the  article  will  be  directed  on  to  one  of  the  avers,  that 

»  having  the  higher  recovery  temperature,  and  that  thermal  conduction  will  cause  the  layer  remote  from  the 

heat  source  to  increase  in  temperature.  ■  uu"; i! t ;c , t i0=ctKT 
The  difference  between  the  recovery  temperatures  is  understood  to  be  "appreciable  if  it  is  at  least  5  C, 

and  is  preferably  10°C  or  m o r e . .   ,   ̂ . .  
The  recovery  temperature  of  each  layer  is  to  be  determined  by  disposing  the  separate,  or  separated, 

5  layers  in  a  circulating  air  oven  whose  temperature  is  slowly  increased  from  amb.ent  temperature,  at  a  rate 

of  1°C  per  minute.  As  the  temperature  increases,  the  layer  will  change  from  its  original,  heat-unstable, 

configuration  prior  to  recovery,  to  its  fully  recovered  configuration,  i.e  the  configuration  to  which  it 

recovers  in  the  absence  of  any  external  constraint.  During  this  change,  at  least  one,  and  usually  only  one, 

significant  dimension  of  the  layer  will  change  appreciably.  The  recovery  temperature  of  the  layer  is  herein 
»  defined  to  be  that  temperature  at  which  the  above-mentioned  significant  dimension  has  changed  by  half  ot 

the  total  amount  it  changes  between  its  unrecovered  and  fully  recovered  dimensions.  For  example,  if  a 

layer  comprises  a  radially  shrinkable  tubular  component  that  has  an  unrecovered  outer  diameter  a  and  a 

fully  recovered  outer  diameter  b,  then  the  recovery  temperature  of  the  layer  is  the  temperature  at  which  it 

has  shrunk  to  an  extent  such  that  its  outer  diameter  is  (a+b)/2. 
5  Usually  the  heat-recoverable  material  will  be  cross-linked  polymeric  material. 

Thus  with  the  present  method,  the  lower  recovery  temperature  layer,  which  will  be  the  inner  layer 
where  the  article  is  heat-shrinkable,  will  reach  its  recovery  temperature,  and  thus  become  elastomeric, 

even  though  heat  has  been  applied  to  the  external  surface  of  the  higher  recovery  temperature  layer.  The 

higher  recovery  temperature  layer  thus  temporarily  prevents  the  other  layer  from  recovering,  for  example 
0  by  holding  it  out,  until  the  continued  application  of  heat  raises  the  temperature  to  the  higher  recovery 

temperature.  At  this  stage  the  article  will  recover.  rQ„™,Dr The  time  taken  to  effect  recovery  is  significantly  reduced  in  comparison  with  the  time  taken  to  recover 

an  article  of  the  same  wall  thickness  and  consisting  only  of  material  having  the  higher  recovery 

temperature.  Although  the  shrink  time  may  be  less  for  an  article  of  the  same  thickness  but  consisting  on  y 
w  of  material  having  the  lower  recovery  temperature,  such  an  article  would  have  a  significantly  shorter  shelf- 

storage  time,  particularly  at  high  ambient  temperatures.  Furthermore,  the  method  o  'the  P^sent  mven  ion 

substantially  eliminates  wrinkles  at  the  contact  surface  between  the  article  and  the  object,  thus  eliminating 
voids  which  could  otherwise  cause  severe  electrical  problems  in  a  high  voltage  application  for  example. 
Full  recovery  of  the  article  is  assured  since,  for  a  shrinkable  article  for  example,  recovery  will  not  take  place 

'0  until  the  inner  layer  is  completely  elastomeric.  Since  both  layers  are  heat-recoverable,  no  problems  occur 
with  permanent  set  of  one  layer,  interfacial  disbonding,  or  premature  recovery. 

When  the  heating  is  applied  to  the  article  locally,  that  is  to  say  other  than  by  uniform  heat.ng  of  the 

whole  article,  it  will  be  appreciated  that  local  recovery  of  both  layers  will  take  place,  whilst  a  remaining 
portion  of  the  article,  and  in  particular  of  the  lower  recovery  temperature  layer,  will  not  be  recovered.  This 

«  will  occur  typically  when  recovery  is  effected  by  a  gas  torch,  rather  than  in  an  oven.  Heating  in  this  way  to 

effect  recovery  of  the  whole  article  may  thus  take  place  sequentially,  for  example  from  the  centre  to  one 
end  of  the  article  and  then  from  the  centre  to  the  other  end,  or  alternatively  from  one  end  to  the  other. 

It  will  be  understood  that,  in  general,  when  the  article  recovers  in  a  shrinking  mode  so  as  to  enclose  a 
substrate  object  therewithin,  heat  will  be  applied  to  the  outermost  surface  of  the  article.  On  the  other  hand, 

50  when  the  article  recovers  in  an  expanding  mode  so  as  to  line  a  surrounding  object,  heat  will  be  applied  to 
the  innermost  surface  of  the  article.  In  each  case,  however,  the  heat  will  be  applied  to  the  article  such  that  it 
has  to  be  transferred  through  the  higher  recovery  temperature  layer  to  the  lower  recovery  temperature 
Isvsr 

The  article  may  be  supplied  as  a  preformed  tubular  article  and  thus  slid  over  or  into  the  object  to  be 

55  covered,  or  it  may  be  provided  as  a  sheet  that  is  wrapped  around  the  object  and  secured  along  opposing 
edges  by  a  suitable  closure  arrangement. 

It  will  be  appreciated  that  the  heat  supplied  to  the  article  has  to  be  controlled,  since  if  the  heat  source 
delivers  too  much  thermal  energy,  the  layer  nearest  thereto,  and  having  the  higher  recovery  temperature, 
will  reach  its  recovery  temperature  before  sufficient  thermal  transfer  to  the  lower  recovery  temperature 

eo  layer  can  take  place.  On  the  other  hand,  if  the  heat  source  delivers  too  little  thermal  energy,  the  time 
required  to  effect  recovery  of  the  article  will  be  inordinately  long.  Clearly,  the  amount  of  heat  energy 
required  will  depend  on  such  factors  as  the  thicknesses  and  the  thermal  properties  of  the  particular 
materials  used  for  the  layers,  but  it  has  generally  been  found  that  a  heat  source,  for  example  a  gas  torch, 
hot  heat  blower  or  infra-red  radiation  heater,  directing  air  substantially  unidirectionally  on  to  the  article  and 

65  delivering  between  5  x  103  kJ/hr  and  2  x  105  kJ/hr,  and  preferably  about  5  x  104  kJ/hr  is  suitable  for 
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recovering  articles  having  a  total  unrecovered  thickness  of  up  to  about  ten  millimetres. 
In  accordance  with  a  further  aspect  of  the  present  invention,  there  is  provided  an  article  comprising 

two,  or  more,  layers  of  heat-recoverable  material  having  appreciably  different  recovery  temperatures  and  a 
combined  wall  thickness  before  recovery  of  at  least  three  millimetres,  the  article  being  arranged  to  be  in  a 

s  generally  tubular  shape  prior  to  recovery,  with  one  of  said  layers  inside  and  in  thermal  contact  with  the 
other  of  said  layers  such  that  on  recovery  the  article  will  substantially  conform  to  an  object  over  or  inside 
which  it  is  disposed  with  the  layer  having  the  lower  recovery  temperature  located  between  the  object  and 
the  other  layer,  wherein  the  two  layers  are  arranged  such  that  on  heating  the  article  the  lower  recovery 
temperature  layer  reaches  its  recovery  temperature  before  the  other  layer  starts  to  recover. 

'0  Preferably  the  two  layers  are  in  physical  contact  with  one  another,  for  example  by  being  bonded 
together,  and  most  preferably  they  are  formed  integrally,  for  example  by  co-extrusion  or  by  co-molding. 

The  following  factors  have  to  be  taken  into  account  when  arranging  for  the  heating  to  cause  the  lower 
recovery  temperature  layer  to  reach  its  recovery  temperature  before  the  other  layer  starts  to  recover:  the 
layer  thicknesses,  the  thermal  conductivities,  latent  heats  of  fusion,  density,  specific  heats  and  recovery 

'5  temperatures  of  the  materials  of  the  layers,  and  the  heat  transfer  coefficients  at  the  interfaces  between  each 
of  the  layers,  and  between  each  layer  and  its  surroundings. 

The  article  may  comprise  at  least  one  further  layer,  which  may  or  may  not  be  heat-recoverable.  When 
the  article  comprises  such  a  plurality  of  heat-recoverable  layers,  their  recovery  temperatures  may  be 
graduated  such  that  each  pair  of  successive  layers  has  an  appreciably  different  recovery  temperature.  One 

20  of  the  layers  of  the  article  may  be  an  adhesive  or  a  mastic,  and  may  be  provided  as  a  coating  deposited  on 
another  of  the  layers. 

The  combined  wall  thickness  of  the  article  prior  to  recovery  may  be  at  least  five  millimetres,  and  as 
much  as  ten  to  fifteen  millimetres,  or  even  more. 

It  will  be  appreciated  that  the  method  of  said  one  aspect  of  the  invention  may  employ  the  article  of  said 
25  further  aspect  of  the  invention. 

A  method  and  article,  each  in  accordance  with  the  present  invention,  will  now  be  described,  byway  of 
example,  with  reference  to  Figures  1  and  2  of  the  accompanying  drawings,  which  show  in  cross-section 
two  embodiments  of  tubular  articles. 

Referring  to  the  Figures,  the  article  consists  of  a  dual  co-extrusion  of  two  polymeric  right-cylindrical 
30  tubular  layers  1  and  2  that  subsequent  to  extrusion  has  been  heated,  deformed  and  cross-linked  so  as  to 

render  it  heat-recoverable.  The  materials  used  for  the  layers  1  and  2  are  different  such  that,  inter  alia,  the 
recovery  temperature  of  the  layer  2  is  appreciably  lower  than  that  of  the  layer  1. 

The  article  of  Figure  1  is  arranged  to  be  shrinkable  radially  inwards  on  application  of  heat  so  as  to 
conform  with  a  substrate,  for  example  a  joint  of  a  high  voltage  power  cable,  around  which  it  is  disposed. 

35  The  article  of  Figure  2  is  arranged  to  be  expansible  radially  outwards  on  application  of  heat  so  as  to 
conform  with  a  surrounding  member,  for  example  a  joint  of  an  oil  pipe  line.  In  each  case,  the  thermal 
properties  of  the  materials  and  the  thicknesses  of  the  two  layers  are  so  selected  that  heat  applied,  for 
example  from  a  gas  torch,  to  the  layer  1  is  conducted  through  to  the  layer  2  so  as  to  ensure  that  the  layer  2 
fully  reaches  its  recovery  temperature,  at  least  locally,  before  the  layer  1  starts  to  recover,  at  least  locally. 

40  The  following  table  shows  for  the  article  of  Figure  1  various  parameters,  including  the  layer 
thicknesses,  the  recovery  temperatures,  in  this  case  the  crystalline  melting  temperatures,  and  the  time 
taken  for  each  layer  to  reach  its  recovery  temperature.  The  table  also  shows  for  comparison  the  same 
parameters  for  a  conventional  co-extruded  heat-shrinkable  article,  not  in  accordance  with  the  present 
invention. 
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For  each  of  the  articles,  the  outer  surface  was  exposed  to  a  constant  120°C.  from  a  gas  torch  of  5  x  104 
kJ/hr.  As  can  be  seen  from  the  table,  the  total  wall  thickness  of  each  article  is  the  same,  namely  3.5  mm. 

As  shown  in  the  table,  the  inner  layer  of  the  article  of  Figure  1  reaches  its  shrink  temperature  after  37 
seconds,  and  is  then  in  an  elastomeric  state  in  which  is  it  held  out  by  the  outer  layer  1  which  has  not  yet 5  reached  its  shrink  temperature.  This  higher  temperature  is  reached  after  88  seconds,  at  which  time  the 
article  as  a  whole  shrinks.  On  the  other  hand,  it  is  seen  that  the  outer  layer  of  the  conventional  article 
reaches  its  shrink  temperature  after  12  seconds,  but  the  article  cannot  shrink  until  the  inner  layer  reaches  its 
shrink  temperature  at  1  29  seconds.  Thus,  for  the  same  total  thickness,  it  will  be  noted  that  a  very  significant 
saving  is  achieved  in  shrink  time  of  the  article  in  accordance  with  the  present  invention.  Furthermore,  the 

10  disadvantages  of  the  conventional  article,  discussed  above,  are  also  avoided. 

Claims 

1.  A  method  of  applying  to  an  object  an  article  that  comprises  two  layers  (1,  2)  of  heat-recoverable 
15  material  having  appreciably  different  recovery  temperatures,  wherein  the  article  is  arranged  to  be  in  a 

generally  tubular  shape  prior  to  recovery,  with  one  of  said  layers  inside  and  in  thermal  contact  with  the 
other  of  said  layers,  wherein  the  article  is  disposed  so  as  to  be  recovered  into  substantial  conformity  with 
the  object  with  the  layer  (2)  having  the  lower  recovery  temperature  disposed  between  the  object  and  the 
other  layer  (1),  and  wherein  heat  is  directed  on  to  the  higher  recovery  temperature  layer  (1)  of  the  article  in 

20  such  a  manner  that  the  lower  recovery  temperature  layer  (2)  reaches  its  recovery  temperature  before  the 
other  layer  (1)  starts  to  recover. 

2.  A  method  according  to  claim  1,  wherein  the  article  is  preformed  as  a  tubular  article  and  is  slid  over  or 
into  the  object  prior  to  recovery  into  conformity  therewith. 

3.  A  method  according  to  claim  1  or  2,  wherein  the  lower  recovery  temperature  layer  (2)  of  the  article  is 
25  inside  the  other  layer  (1),  and  the  article  is  disposed  around  the  object  so  as  to  recover  by  shrinking  into 

conformity  therewith. 
4.  A  method  according  to  any  preceding  claim,  wherein  the  heat  applied  to  recover  said  two  layers  is 

between  about  5  x  103  kJ/hr  and  about  2  x  105  kJ/hr. 
5.  An  article  comprising  two  layers  (1,  2)  of  heat-recoverable  material  having  appreciably  different 

30  recovery  temperatures  and  a  combined  wall  thickness  before  recovery  of  at  least  three  millimetres,  the 
article  being  arranged  to  be  in  a  generally  tubular  shape  prior  to  recovery,  with  one  of  said  layers  inside  and 
in  thermal  contact  with  the  other  of  said  layers  such  that  on  recovery  the  article  will  substantially  conform 
to  an  object  over  or  inside  which  it  is  disposed  with  the  layer  (2)  having  the  lower  recovery  temperature 
located  between  the  object  and  the  other  layer  (1),  wherein  the  two  layers  are  arranged  such  that  on 

35  heating  the  article  the  lower  recovery  temperature  layer  (2)  reaches  its  recovery  temperature  before  the 
other  layer  (1)  starts  to  recover. 

6.  An  article  as  claimed  in  claim  5,  wherein  the  layer  thicknesses,  the  thermal  conductivities,  latent 
heats  of  fusion,  density,  specific  heats  and  recovery  temperatures  of  the  materials  of  the  layers,  and  the 
heat  transfer  coefficients  at  the  interfaces  between  each  of  the  layers,  and  between  each  layer  and  its 

40  surroundings,  are  so  arranged  that  on  heating  the  article  the  lower  recovery  temperature  layer  (2)  reaches 
its  recovery  temperature  before  the  other  layer  (1)  starts  to  recover. 

7.  An  article  according  to  claim  5  or  6,  wherein  the  layers  are  of  polymeric  material  and  the  lower 
recovery  temperature  layer  (2)  reaches  its  crystalline  melting  temperature  before  the  other  layer  (1)  starts 
to  recover. 

45  8.  An  article  according  to  any  of  claims  5  to  7,  wherein  the  two  layers  are  formed  integrally  with  one 
another  preferably  by  extrusion,  or  by  moulding. 

9.  An  article  according  to  any  of  claims  5  to  8,  formed  as  a  generally  tubular  article. 
10.  An  article  according  to  any  of  claims  5  to  9,  wherein  the  lower  recovery  temperature  layer  (2)  of  the 

article  is  inside  the  other  layer  (1),  and  the  article  is  arranged  to  recover  by  shrinking. 
50  11.  An  article  according  to  any  of  claims  5  to  10,  wherein  the  combined  wall  thickness  of  said  two  layers 

before  recovery  is  at  least  about  five  millimetres. 
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Patentanspriiche 
55 

1.  Verfahren,  um  an  einem  Objekt  einen  Gegenstand  anzubringen,  derzwei  Schichten  (1,2)  aus  warme- 
rucksteilbarem  Material  aufweist,  die  deutlich  verschiedene  Ruckstelltemperaturen  haben,  wobei  der 
Gegenstand  so  ausgebildet  ist,  dalS  er  vor  der  Ruckstellung  eine  im  allgemeinen  rohrformige  Gestalt  hat, 
wobei  die  eine  der  Schichten  innen  ist  und  in  thermischem  Kontakt  mit  der  anderen  der  Schichten  steht, 

so  wobei  der  Gegenstand  so  angeordnet  wird,  dalS  er  sich  in  eine  wesentliche  Ubereinstimmung  mit  dem 
Objekt  ruckstellen  lalSt,  wobei  die  Schicht  (2)  mit  der  niedrigeren  Ruckstelltemperatur  sich  zwischen  dem 
Objekt  und  der  anderen  Schicht  (1)  befindet,  und  wobei  Warme  auf  die  Schicht  (1)  mit  der  hoheren  Ruck- 
stelltemperatur  des  Gegenstandes  in  der  Weise  gerichtet  wird,  dafS  die  Schicht  (2)  mit  der  niedrigeren 
Ruckstelltemperatur  ihre  Ruckstelltemperatur  erreicht,  bevor  die  andere  Schicht  (1)  mit  ihrer  Ruckstellung 

65  beginnt. 
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2  Verfahren  nach  Anspruch  l,  woDei  aer  uegensianu  di&  lumiuiimyc.  ^=a-"—  "  -- 
uber  Oder  in  das  Objekt  geschoben  wird,  bevor  seine  Ruckstellung  in  Ubereinstimmung  mit  diesem  erfolgt. 

3  Verfahren  nach  Anspruch  1  oder  2,  wobei  die  Schicht  (2)  des  Gegenstandes  mit  der  niedrigeren 
Ruckstelltemperatur  sich  innerhalb  der  anderen  Schicht  (1)  befindet  und  der  Gegenstand  urn  das  Objekt 

'  herum  angeordnet  ist,  so  dalS  seine  Ruckstellung  durch  Schrumpfung  in  Ubereinst.mmung  mit  diesem 

erf°4tVerfahren  nach  einem  der  vorherigen  Anspriiche,  wobei  die  aufgebrachte  Warmemenge  zur  Riick- 

stellunq  der  beiden  Schichten  zwischen  etwa  5  x  103  kJ/h  und  etwa  2  x  10  kJ/h  liegt. 
5  Gegenstand,  umfassend  zwei  Schichten  (1,  2)  aus  warmeruckstellbarem  Material  mi  deutl.ch 

?  verschiedenen  Ruckstelltemperaturen  und  einer  kombinierten  Wandstarke  vor  der  Ruckstellung  von 
mindestens  3  mm,  wobei  der  Gegenstand  so  ausgebildet  ist,  dalS  er  vor  der  Ruckstellung  im  a  lgeme  ne 

eine  rohrformiqe  Gestalt  hat,  wobei  die  eine  der  Schichten  innen  liegt  und  in  thermischem  Kontakt  mit  der 

anderen  der  Schichten  steht,  so  dafc  bei  der  Ruckstellung  der  Gegenstand  sichJmwwecsehntl^n^"  e'nr 
Objekt  anpassen  wird,  iiber  dem  oder  in  dessen  Innenraum  er  angeordnet  ist  wobei  die  Schicht  (2)  mit  der 

%  niedrigeren  Ruckstelltemperatur  sich  zwischen  dem  Objekt  und  der  anderen  Schicht  (1  )  befindet  wobei  die 

beiden  Schichten  so  angeordnet  sind,  dafc  bei  der  Erwarmung  des  Gegenstandes  die  Schich  t  (2h  mi  t  der 

niedrigeren  Ruckstelltemperatur  ihre  Ruckstelltemperatur  erreicht,  bevor  die  andere  Schicht  (1)  mit  ihrer 

R 0 ^ ' ^ ; ^ ^   Anspmch  5(  wobei  die  Schichtdicken,  die  Warmeleitfahigkeiten,  die  latenten 

o  Schmelzwarmen,  die  Dichte,  die  spezifischen  Warmekapazitaten  und  die  RucksteJItemperaturen  der 

Materialien  der  Schichten  sowie  die  Warmeubertragungskoeffizienten  an  den  Grenzflachen  zwischen  den 

jeweiligen  Schichten  und  zwischen  jeder  Schicht  und  ihren  Umgebungen  so  vorgesehen  s.nd  da  (5  be. 

Erwarmung  des  Gegenstandes  die  Schicht  (2)  mit  der  niedrigeren  Ruckstelltemperatur  ihre  Ruckstell- 

temperatur  erreicht,  bevor  die  andere  Schicht  (1)  mit  ihrer  Ruckstellung  beg.nnt 
5  7  Gegenstand  nach  Anspruch  5  oder  6,  wobei  die  Schichten  aus  polymerem  Material  bestehen  und  die 

Schicht  (2)  mit  der  niedrigeren  Ruckstelltemperatur  ihre  kristaliine  Schmelztemperatur  erreicht,  bevor  die 

andere  Schicht  (1)  mit  ihrer  Ruckstellung  beginnt.  •  .  ,  ■+n,nt,„*ar 
8.  Gegenstand  nach  einem  der  Anspriiche  5  bis  7,  wobei  die  beiden  Schichten  integral  miteinander, 

vorzuqsweise  durch  Extrusion  oder  durch  Formen  ausgebildet  sind. 
o  9  Gegenstand  nach  einem  der  Anspriiche  5  bis  8,  ausgebildet  als  em  im  allgeme.nen  rohrform.ger 

Ge910SGegenstand  nach  einem  der  Anspriiche  5  bis  9,  wobei  die  Schicht  (2)  mit  niedrigerer  Ruckstell- 

temperatur  des  Gegenstandes  sich  innerhalb  der  anderen  Schicht  (1)  befindet  und  der  Gegenstand  so 
ausgebildet  ist,  daB  seine  Ruckstellung  durch  -Schrumpfung  erfolgt.  uqWq„ 

:5  11.  Gegenstand  nach  einem  der  Anspriiche  5  bis  10,  wobei  die  kombin.erte  Wandstarke  der  beiden 

Schichten  vor  der  Ruckstellung  mindestens  etwa  5  mm  betragt. 

Revendications 

id  1  Precede  pour  appliquer  a  un  objet  un  article  qui  comprend  deux  couches  (1  ,  2)  de  matiere  douee  de 

reprise  de  forme  a  chaud  ayant  des  temperatures  de  reprise  de  forme  notablement  differentes,  dans  lequel 
('article  est  agence  de  fagon  a  etre  de  forme  globalement  tubulaire  avant  la  repr.se  de  forme  I  una  desdites 

couches  etant  a  I'interieur  et  en  contact  thermique  avec  I'autre  desdites  couches,  I  article  etant  dispose  de 

facon  a  etre  amene  par  reprise  de  forme  sensiblement  en  conformite  avec  I  objet,  la  couche  >  (2  ayant  la 

ts  temperature  inferieure  de  reprise  de  forme  etant  disposee  entre  I'objet  et  I'autre  couche  (1),  et  de  la  chaleur 

etant  dirigee  sur  la  couche  (1)  a  temperature  superieure  de  reprise  de  forme  de  I  article  de  maniere  que  la 

couche  (2)  a  temperature  inferieure  de  reprise  de  forme  atteigne  sa  temperature  de  reprise  de  forme  avant 

que  I'autre  couche  (1)  commence  une  reprise  de  forme.  _ 
2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'article  est  preforme  en  un  article  tubulaire  et  est  glisse 

so  sur  ou  dans  I'objet  avant  d'etre  amene  par  reprise  de  forme  en  conformite  avec  lui. 
3  Procede  selon  la  revendication  1  ou  2,  dans  lequel  la  couche  (2)  a  temperature  inferieure  de  reprise 

de  forme  de  I'article  est  a  I'interieur  de  I'autre  couche  (1  ),  et  I'article  est  dispose  autour  de  I  objet  afin  d  etre 

amene  par  reprise  de  forme  en  conformite  avec  cet  objet  en  se  retractant. 
4  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  chaleur  appliquee 

55  pour  le  reprise  de  forme  desdites  deux  couches  est  comprise  entre  environ  5x10  kJ/h  et  environ  2 x 1 0  

kJ/h5.  Article  comprenant  deux  couches  (1,  2)  de  matiere  douee  de  reprise  de  forme  a  chaud  ayant  des 

temperatures  de  reprise  de  forme  notablement  differentes  et  une  epaisseur  combmee  de  paro.s  avant 

reprise  de  forme,  d'au  moins  3  mm,  I'article  etant  agence  de  fagon  a  etre  de  forme  globalement  tubulaire 

60  avant  la  reprise  de  forme,  I'une  desdites  couches  etant  a  I'interieur  et  en  contact  thermique  avec  ,  autre 
desdites  couches  de  maniere  que,  sous  I'effet  d'une  reprise  de  forme,  I'article  epouse  sensiblement  la 

forme  d'un  objet  sur  ou  dans  lequel  il  est  dispose,  la  couche  (2)  ayant  la  temperature  inferieure  de  reprise 
de  forme  etant  placee  entre  I'objet  et  I'autre  couche  (1),  les  deux  couches  etant  agencees  de  maniere  que, 

par  chauffage  de  I'article,  la  couche  (2)  a  temperature  inferieure  de  reprise  de  forme  atteigne  sa 

65  temperature  de  reprise  de  forme  ayant  que  I'autre  couche  (1  )  commence  une  reprise  de  forme. 
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6.  Article  selon  la  revendication  5,  dans  lequel  les  epaisseurs  des  couches,  les  conductibilites 
thermiques,  les  chaleurs  latentes  de  fusion,  la  masse  volumique,  les  chaleurs  specifiques  et  les 
temperatures  de  reprise  de  forme  des  matieres  des  couches,  et  les  coefficients  de  transmission  de  la 
chaleur  aux  interfaces  entre  les  couches  et  entre  chaque  couche  et  ce  qui  I'entoure,  sont  etablis  de  maniere 

5  que,  par  un  chauffage  de  I'article,  la  couche  (2)  a  temperature  inferieure  de  reprise  de  forme  atteigne  sa 
temperature  de  reprise  de  forme  ayant  que  I'autre  couche  (1)  commence  une  reprise  de  forme. 

7.  Article  selon  la  revendication  5  ou  6,  dans  lequel  les  couches  sont  en  une  matiere  polymerique  et  la 
couche  (2)  a  temperature  inferieure  de  reprise  de  forme  atteint  sa  temperature  de  fusion  cristailine  avant 
que  I'autre  couche  (1)  commence  une  reprise  de  forme. 

10  8.  Article  selon  I'une  queiconque  des  revendications  5  a  7,  dans  lequel  les  deux  couches  sont  realisees 
d'une  seule  piece  I'une  avec  I'autre,  de  preference  par  extrusion  ou  par  moulage. 

9.  Article  selon  I'une  queiconque  des  revendications  5  a  8,  realise  sous  la  forme  d'un  article 
globalement  tubulaire. 

10.  Article  selon  I'une  queiconque  des  revendications  5  a  9,  dans  lequel  la  couche  (2)  a  temperature 
15  inferieure  de  reprise  de  forme  de  I'article  est  a  I'interieur  de  I'autre  couche  (1),  et  I'article  est  congu  pour 

effectuer  une  reprise  de  forme  par  retrait. 
11.  Article  selon  I'une  queiconque  des  revendications  5  a  10,  dans  lequel  I'epaisseur  combinee  des 

parois  desdites  deux  couches  avant  reprise  de  forme  est  d'au  moins  environ  5  mm. 
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