
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
0  4 2 6   0 6 1   A 1  CO  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

@  Int.  Cl.5:  F25B  4 1 / 0 6  ©  Application  number:  90120685.4 

©  Date  of  filing:  29.10.90 

©  Inventor:  De  Nardi,  Ireneo 
Via  della  Vigna  2/A 
1-31016  Cordignano(IT) 
Inventor:  Stella,  Maurizio 
Via  Mantova  107 
1-33100  Udine(IT) 

©  Priority:  31.10.89  IT  4578689 

©  Date  of  publication  of  application: 
08.05.91  Bulletin  91/19 

©  Designated  Contracting  States: 
DE  ES  FR  GB  IT  SE 

©  Applicant:  INDUSTRIE  ZANUSSI  S.p.A. 
Via  Giardini  Cattaneo  3 
1-33170  Pordenone(IT) 

©  Representative:  Patentanwalte  Griinecker, 
Kinkeldey,  Stockmair  &  Partner 
Maximilianstrasse  58 
W-8000  Munchen  22(DE) 

Method  and  installation  for  producing  heat-exchanger  tubes. 

processing  phases  of  which  the  operating  cycle  is 
composed,  interconnected  by  means  for  the  auto- 
matic  and  continuous  transfer  (12,21)  of  the  heat- 
exchanger  tube  from  one  working  station  to  the  next. 

The  installation  is  designed  for  the  production  of 
a  plurality  of  heat-exchanger  tubes  of  selected  di- 
mensions  in  a  completely  automatized  manner  and 
with  the  employ  of  endless  components  which  are  in 
the  first  instance  cut  to  measure  and  prepared  for 
their  interconnection. 

©  A  method  and  installation  for  the  completely 
automatized  production  of  heat-exchanger  tubes, 
particularly  for  household  refrigerators. 

The  heat-exchanger  tubes  are  composed  of  two 
coaxial  pipes:  the  outer  pipe  (1)  connects  the  outlet 
of  the  evaporator  to  the  refrigerant  intake  port  of  the 
compressor;  the  inner  pipe  (2),  normally  comprising 
a  capillary  tube  (5),  connects  the  outlet  of  the  cool- 
ing  condenser  to  the  inlet  of  the  expansion  chamber 
of  the  evaporator. 

The  installation  comprises  a  plurality  of  stations 
(11,13-20,22-25)  for  the  execution  of  the  various 
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METHOD  AND  INSTALLATION  FOR  PRODUCING  HEAT-EXCHANGER  TUBES 

The  invention  relates  to  a  method  an  installa- 
tion  for  the  automatized  production  of  heat-exchen- 
ger  tupes  of  different  dimensions  for  evaporators  of 
refrigerating  apparatus  and  the  like. 

In  the  following  description,  reference  is  had  to 
evaporators  for  refrigerating  apparatus  for  domestic 
use,  but  those  skilled  in  the  art  will  not  meet  with 
any  difficulty  in  applying  the  teachings  of  the 
present  invention  to  other  branches  of  the  industry. 

It  is  helpful  to  call  to  mind  the  operating  princi- 
ples  of  refrigerating  apparatus:  the  refrigerant  cir- 
cuit  is  composed  of  four  main  components,  name- 
ly,  the  compressor,  the  condenser,  the  capillary 
and  the  evaporator  with  its  associated  expansion 
chamber. 

The  functions  of  these  four  main  components 
are  as  follows:  An  electric  motor  operates  the  com- 
pressor,  which  acts  to  pressurize  a  gaseous  fluid  of 
particular  characteristics  and  to  direct  it  towards 
the  condenser. 

In  the  condenser,  which  is  disposed  outside  of. 
the  refrigerating  apparatus,  the  fluid  supplied  there- 
to  in  a  pressurized  and  heated  state  assumes  the 
so-called  "ambient  temperature",  or  is  cooled  by 
releasing  its  heat  to  the  environment. 

The  cooling  causes  the  gaseous  fluid  to  con- 
dense,  i.e.  to  assume  the  liquid  state  (as  will  any 
gas  when  its  temperature  drops  below  a  deter- 
mined  level). 

The  fluid  is  then  directed  through  the  capillary 
which  acts  to  regulate  the  flow  of  the  fluid  and 
promotes  its  compression  in  the  so-called  "high 
pressure  phase". 

On  reaching  the  expansion  chamber,  the 
liquified  fluid  is  sprayed  into  the  evaporator  in  the 
form  of  diminutive  droplets. 

In  the  evaporator  the  fluid  encounters  an  ex- 
pansion  chamber  and  passes  from  the  liquid  to  the 
gaseous  state  in  response  to  the  augmentation  of 
the  available  volume. 

This  results  in  a  well-known  physical  phenom- 
enon,  inverse  to  the  one  explained  above,  accord- 
ing  to  which  the  fluid  returns  to  the  gaseous  state 
by  absorbing  heat. 

From  the  evaporator  the  fluid  returns  (by  as- 
piration)  to  the  compressor,  to  resume  its  circula- 
tion  as  described  above. 

From  the  designer's  point  of  view  it  is  common 
practice  to  pass  the  capillary  issuing  from  the  con- 
denser  in  a  number  of  windings  around  the  return 
pipe  from  the  evaporator  to  thereby  ensure  that  the 
fluid  in  the  capillary  is  still  further  cooled  by  using 
the  low  temperature  still  prevailing  in  the  return 
pipe,  and  to  finally  guide  the  capillary  into  the 
return  pipe,  resulting  in  only  a  single  connection 

between  the  evaporator  and  the  remainder  of  the 
circuit,  since  the  inlet  connection  of  the  capillary  is 
disposed  coaxially  within  the  outlet  connection  of 
the  return  pipe. 

5  The  production  of  this  section  (the  so-called 
heat-exchanger  tube)of  the  circuit,  with  a  coaxial 
and  a  non-coaxial  portion,  between  the  evaporator 
and  the  intake  port  of  the  compressor,  is  thereby 
rendered  rather  difficult  and  cumbersome  from  the 

m  viewpoint  of  manufacturing  technology. 
In  this  connection  it  is  to  be  remembered  that 

the  intake  pipe  leading  to  the  compressor  is  usually 
made  of  copper  or  copper-plated  steel,  whereas 
the  evaporator  is  normally  made  of  aluminum.  To 

75  enable  the  ends  of  the  heat-exchanger  tube  to  be 
welded  to  both  of  these  components,  it  is  therefore 
preferably  made  of  copper,  i.e.  of  a  metal  capable 
of  being  welded  or  electrically  bonded  both  to  the 
compressor  and  to  the  evaporator  (aluminum). 

20  On  the  other  hand,  however,  copper  is  a  metal 
which  is  considerably  more  costly  than  aluminum, 
in  order  to  avoid  having  to  bear  the  high  expense 
for  a  heat-exchanger  tube  made  completely  of  cop- 
per,  it  is  common  practice  to  make  the  heat-ex- 

25  changer  tube  in  two  sections,  a  copper  section 
extending  from  the  compressor  to  beyond  the  point 
whereat  the  capillary  enters  the  return  pipe,  and 
the  remaining  section  made  of  a  less  costly  ma- 
terial,  for  instance  aluminum. 

30  This  results  in  the  additional  complication  that 
the  heat-exchanger  tube  has  to  be  made  of  alu- 
minum  towards  its  connection  to  the  evaporator, 
and  of  copper  towards  its  connection  to  the  com- 
pressor,  i.e.  that  the  heat-exchanger  tube  has  to  be 

35  assembled  of  two  sections  made  of  the  two  dif- 
ferent  metals,  which  have  to  be  connected  to  one 
another  in  a  hermetically  sealed  manner. 

This  results  in  an  evident  complication  of  the 
production  process,  particularly  in  view  of  the  fact 

40  that  the  welding  operations  have  to  be  carried  out 
with  a  high  degree  of  precision  and  accuracy  to 
ensure  the  required  hermetic  sealing. 

It  is  therefore  an  object  of  the  present  invention 
to  overcome  the  described  difficulties  and  to  pro- 

45  vide  a  method  and  an  automatically,  reliably  and 
flexibly  operable  installation  advantageously  com- 
bining  the  techniques  of  industrial  automatization 
with  a  technique  of  joining  pipes  made  of  different 
metals  for  producing  a  heat-exchanger  tube  having 

so  the  desired  characteristics  in  a  completely  automa- 
tized  process. 

This  object  is  attained  according  to  the  inven- 
tion  by  the  method  and  installation  to  be  described 
by  way  of  example  with  reference  to  the  accom- 
panying  drawings,  wherein: 
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stricted  end  portion  for  insertion  into  aluminum 
pipe  section  2  as  at  3  in  fig.  1  . 

Subsequently  transfer  station  14  operates  to 
transfer  pipe  section  1  to  welding  station  16, 

5  whereat  it  is  joined  to  aluminum  pipe  section  2  and 
welded  thereto. 

Shuttle  step  transfer  mechanism  12  comprises 
a  plurality  of  substantially  hollow  supports  for  carry- 
ing  respective  assemblies  each  composed  of  a 

w  copper  pipe  section  and  an  aluminum  pipe  section. 
These  supports  are  synchroneously  and  increment- 
ally  displaced  transversely  of.  their  longitudinal  di- 
rection  for  carrying  the  respective  heat-exchanger 
tubes  to  successive  positions  corresponding  to  the 

75  various  working  stations  for  the  performance  of  the 
various  processing  steps  thereat. 

At  the  succeeding  station  17,  copper  pipe  sec- 
tion  1  is  recalibrated  to  re-establish  its  inner  and 
outer  diameters  which  may  have  been  altered  by 

20  the  welding  operation. 
At  the  following  station  18  the  tubes  are  inter- 

nally  cleaned  of  welding  and  calibration  residues 
by  means  of  a  powerful  jet  of  compressed  air 
directed  into  the  end  of  the  aluminum  pipe  section, 

25  whereupon  station  19  operates  to  implant  an  elastic 
member  9  into  the  end  of  the  tube's  bore  to  be 
connected  to  the  evaporator. 

This  elastic  member  serves  the  purpose  of 
reinforcing  the  end  portion  of  the  hat-exchanger 

30  tube  so  as  to  prevent  the  tube  from  being  bent  at 
the  location  whereat  it  is  welded  to  the  evaporator; 
as  a  matter  of  fact,  the  heat-exchanger  tube  is 
welded  to  the  evaporator  at  8,  and  subsequently 
bent  by  about  90°  relative  thereto. 

35  In  view  of  the  fact  that  aluminum  is  a  highly 
malleable  metal,  bending  of  the  pipe  section  adja- 
cent  the  welding  location  would  otherwise  frequent- 
ly  result  in  the  formation  of  cracks  in  the  weld 
seam  or  in  buckling  of  the  pipe  section's  walls, 

40  whereby  the  passage  of  the  gaseous  fluid  could  be 
unacceptably  restricted. 

These  disadvantageous  possibilities  are  elimi- 
nated  by  the  insertion  of  elastic  member  9  into  the 
end  of  the  tube. 

45  In  continuation  of  the  operation  cycle  the  pre- 
assembled  heat  exchanger  tube  is  carried  to  sta- 
tion  20,  whereat  a  suitable  apparatus  forms  the 
tube  with  a  restricted  end  portion  4  for  insertion 
into  the  intake  pipe  of  the  compressor. 

so  The  conveyance  of  the  tubes  by  means  of  the 
shuttle  transfer  conveyor  12  is  then  terminated,  the 
tubes  being  transferred  in  the  same  alignment  as 
before  onto  a  chain  conveyor  21  provided  with 
grippers  and  operating  in  the  same  manner  as 

55  conveyor  12.  The  reason  for  this  transfer  is  that 
from  this  point  onwards  the  tubes  are  to  be  bent, 
drilled  and  welded  with  a  high  degree  of  precision. 
To  this  purpose  the  tubes  have  to  be  immobilized 

fig.  1  diagrammatically  illustrates  the  structure  of 
a  heat-exchanger  tube  made  in  accordance  with 
the  invention,  and 
fig.  2  represents  a  diagram  of  a  preferred  em- 
bodiment  of  an  installation  according  to  the  in- 
vention. 

Shown  in  fig.  1  are  the  following  elements: 
1)  Heat-exchanger  tube,  copper  section, 
2)  Heat-exchanger  tube,  aluminum  section, 
3)  Juncture  of  the  two  sections, 
4)  Restricted  end  portion  of  the  tube  for  connec- 
tion  to  the  intake  pipe  of  the  compressor, 
5)  Capillary 
6)  Entry  point  of  the  capillary  into  the  heat- 
exchanger  tube, 
7)  Double-bent  portion  of  the  heat-exchanger 
tube  at  the  capillary  entry  point, 
8)  Press-formed  aluminum  collar  on  the  end 
portion  of  the  heat-exchanger  tube  adjacent  its 
connection  to  the  evaporator, 
9)  Strengthening  rib. 
With  reference  to  fig.  2,  the  illustrated  installa- 

tion  includes  the  following  components: 
11)  Aluminum  pipe  cutting  station, 
12)  Shuttle  step  transfer, 
13)  Copper  pipe  cutting  station, 
14)  Copper  pipe  transfer  station, 
15)  Copper  pipe  press-forming  station, 
16)  Flash  welding  station 
17)  Tube  calibrating  station, 
18)  Tube  cleaning  station, 
19)  Strengthening  rib  application  station, 
20)  Copper  pipe  restriction-forming  station, 
21)  Chain  conveyor  with  grippers, 
22)  Copper  pipe  bending  and  drilling  station, 
23)  Capillary  cutting  station, 
24)  Capillary  brazing  station, 
25)  Capillary  winding  station. 

For  a  better  understanding  of  the  invention, 
reference  will  be  made  to  an  example  in  which  the 
working  stations  are  substantially  aligned  in  two 
files  along  the  end  portions  of  the  heat-exchanger 
tubes,  and  the  joining  of  the  components  is  accom- 
plished  by  welding  the  surfaces  to  be  joined,  al- 
though  the  invention  is  not  limited  to  this  arrange- 
ment  and  this  technique,  respectively,  inasmuch  as 
those  skilled  in  the  art  will  be  readily  able  to 
employ  the  teaching  of  the  invention  in  combina- 
tion  with  other  joining  techniques  and  different  con- 
veying  and  processing  arrangements. 

The  illustrated  installation  operates  in  accor- 
dance  with  the  following  procedure: 

In  the  first  place,  cutting  stations  11  and  13 
operate  to  unwind  the  respective  pipes  from  supply 
reels  and  to  cut  them  to  predetermined  lengths  for 
obtaining  pipe  sections  1  and  2,  respectively. 

Copper  pipe  section  1  is  then  press-formed  at 
press-forming  station  15  to  provide  it  with  a  re- 
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in  accurately  defined  positions,  which  can  only  be 
ensured  by  clamping  them  in  suitable  gripper  de- 
vices. 

The  tubes  are  subsequently  bent  and  drilled  at 
station  22.  This  station  plays  a  determinant  role  in 
the  performance  of  the  present  invention.  This  is 
because  in  order  to  completely  finish  the  heat 
exchanger  tube  in  a  fully  automatized  process,  it  is 
necessary  that  the  insertion  of  the  capillary  5  into 
the  tube  is  also  accomplished  automatically.  This 
would  not  be  possible,  or  would  only  be  possible 
with  considerable  difficulties,  if  the  heat  exchanger 
tube  were  of  rectilinear  configuration  as  in  the 
conventional  construction,  because  the  capillary 
would  then  have  to  be  inserted  in  a  oblique  direc- 
tion,  and  the  insertion  hole  to  be  closed  by  welding 
would  have  to  be  asymmetric. 

If  to  the  contrary  the  tube  is  provided  with  a 
double  bend  in  the  shape  of  a  cranked  portioon  as 
indicated  at  7  in  fig.  1  ,  the  hole  6  for  the  insertion 
of  the  capillary  can  be  drilled  in  the  longitudinal 
direction  in  the  thus  formed  oblique  wall  portion,  so 
that  the  insertion,  of  the  capillary  and  the  closing  of 
the  insertion  hole  by  welding  can  be  accomplished 
without  any  difficulty  thanks  to  the  parallel  and 
coaxial  configuration  of  these  elements. 

At  the  succeeding  station  23  the  capillary  is 
automatically  unwound  from  its  supply  reel,  cut  to 
the  required  length  and  readily  inserted  through  the 
hole  6  in  the  oblique  wall  of  the  heat  exchanger 
tube.  The  insertion  hole  6  is  then  closed  at  the  next 
station  24  by  a  generally  known  automatic  welding 
operation.  At  this  point  the  assembly  of  the  heat- 
exchanger  tube  is  substantially  finished;  the  sole 
remaining  step  of  winding  the  capillary  about  the 
return  pipe  is  carried  out  at  station  25  at  the 
downstream  end  of  the  automatic  processing  in- 
stallation. 

The  characteristics  of  the  invention  will  thus  be 
readily  evident  to  one  skilled  in  the  art:  Whereas 
the  conventional  technique  for  the  production  of 
heat-exchanger  tubes  involves  the  manual  or 
semiautomatic  execution  of  the  various  operations 
due  to  the  difficulties  opposing  the  automatized 
insertion  and  weld-sealing  of  the  capillary  in  a  pipe 
section  having  strictly  cylindrical  walls,,  the  present 
invention  provides  the  formation  of  a  double  bend 
in  a  portion  of  the  heat-exchanger  tube,  resulting  in 
a  pronouncedly  oblique  wall  portion  which  is  acces- 
sible  to  a  high-precision  processing  operation  in 
the  longitudinal  direction  without  the  need  for  any 
special  auxiliary  devices  or  particular  provisions  at 
the  respective  station  in  relation  to  the  other  sta- 
tions  which  are  all  designed  and  arranged  for 
"endwise"  processing  operations. 

Those  skilled  in  the  art  will  not  fail  to  notice 
another  substantial  advantage  of  the  present  inven- 
tion:  In  view  of  the  fact  that  all  of  the  processing 

steps  are  carried  out  in  a  fully  automatized  manner, 
it  is  readily  possible  to  use  one  and  the  same 
installation  for  manufacturing  heat-exchanger  tubes 
of  different  dimensions.  All  that  is  required  to  this 

5  purpose  is  that  the  various  working  stations  with 
their  respective  tools  are  displaceable  or  adjustable 
lengthwise  of  the  heat-exchanger  tubes,  and  con- 
trolled  by  a  unitary  control  system,  with  the  possi- 
ble  assistance  of  suitable  servo  systems. 

10 

Claims 

1.  A  method  and  installation  for  producing  heat- 
15  exchanger  tubes,  particularly  for  refrigerating  ap- 

paratus  for  domestic  use,  wherein  a  number  of 
components  (1  ,  2,  5,  6)  made  of  suitable  materials, 
preferably  aluminum  and/or  copper,  are  prepared 
and  joined  to  one  another  by  successive  operations 

20  in  a  predetermined  sequence, 
characterized  in  that  one  of  said  operations  (22) 
involves  the  formation  of  a  crank-shaped  double 
bend  (7)  in  a  portion  of  the  heat-exchanger  tube, 
that  a  hole  (6)  aligned  in  the  axial  direction  of  the 

25  tube  is  formed  in  a  wall  portion  of  said  double-bend 
portion  facing  towards  the  compressor  connection 
end  (4)  of  the  tube,  and  that  a  capillary  (5)  is 
inserted  through  said  hole  (6),  the  latter  being 
subsequently  closed,  preferably  by  welding. 

30  2.  A  method  and  installation  according  to  claim  1, 
characterized  in  that  said  successive  operations  are 
carried  out  at  a  plurality  of  processing  stations  (1  1  , 
13,  14,  15,  16,  17,  18,  19,  20,  22,  23,  24,  25) 
connected-  to  one  another  by  automatic  transfer 

35  means  (12,  21). 
3.  A  method  and  installation  according  to  claim  2, 
characterized  in  that  said  transfer  means  (12,  21) 
comprise  shuttle  step  transfer  mechanisms  and/or 
gripper-equipped  chain  conveyor  means. 

40  4.  A  method  and  installation  according  to  any  of 
the  preceding  claims,  characterized  in  that  said 
processing  stations  are  adjustable  to  correspond  to 
different  lengths  of  the  heat-exchanger  tubes,  and 
that  the  sequence  of  the  various  operations  as  well 

45  as  the  variable  adjustment  of  the  processing  sta- 
tions  are  controlled  by  a  unitary  control  system. 

50 
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