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0   A  system  for  grooving  and  rolling  a  linear  mem- 
ber  (11)  comprises  a  first  roll  (1)  having  a  groove 
forming  part  (1A)  provided  with  a  plurality  of  protru- 
sions  (2)  and  edge  rolling  parts  (1B)  disposed  on 
both  sides  thereof,  a  second  roll  (8)  disposed  op- 
posite  to  the  first  roll,  and  flanges  (9)  mounted  to  the 
first  or  second  roll  for  restraining  extension  of  the 
linear  member  in  the  cross  direction  thereof.  The 
groove  forming  part  is  symmetrically  constructed  in 
the  cross  direction  of  the  linear  member,  and  has  at 
least  one  buffer  area  (3)  disposed  continuously  in 
the  longitudinal  direction  thereof. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a 
system  for  grooving  and  rolling  a  linear  member, 
and  more  particularly  to,  same  used  in  a  pre- 
welding  process  upon  manufacture  of  a  heat  ex- 
changer  tube  with  grooved  inner  surface  for  a  heat 
exchanger  for  an  air  conditioner,  and  a  flat  heat 
exchanger  tube  resulting  therefrom. 

An  air  conditioner  for  domestic  use  has  been 
reduced  in  size  to  make  a  living  space  comfortable. 
A  reduction  in  size  of  the  air  conditioner  is  obtained 
by  decreasing  the  entirety  of  component  parts. 

The  air  conditioner  has  a  heat  exchanger  part 
which  occupies  a  large  part  therein,  and  includes  a 
heat  exchanger  tube  through  which  heating  me- 
dium  passes,  the  heat  exchanger  tube  being  made 
of  copper  with  excellent  heat  conductivity,  and  hav- 
ing  an  inner  surface  with  grooves  formed,  for  ex- 
ample,  in  a  spiral,  so  as  to  largely  improve  the 
efficiency. 

As  to  a  common  method  of  manufacturing  the 
heat  exchanger  tube  with  grooved  inner  surface,  a 
billet  is  subjected  to  extrusion,  rolling,  and  drawing 
in  turn,  then  grooved,  obtaining  a  seamless  copper 
tube. 

In  recent  years,  for  obtaining  a  small  diameter 
heat  exchanger  tube  with  grooved  inner  surface,  a 
method  as  shown  in  Fig.  7  becomes  often  adopted 
in  which  an  original  linear  member  10  is  subjected 
to  grooving/rolling  by  a  grooved  rolling  part  21  ,  and 
shaped  into  a  tube  by  a  tube  forming  part  22,  a 
butt  portion  thereof  being  welded  by  a  seam  weld- 
ing  equipment  23  to  obtain  a  welded  heat  ex- 
changer  tube  13. 

The  method  on  high  frequency  welding  en- 
ables  a  reduction  in  diameter  of  the  copper  tube  as 
compared  with  the  seamless  method,  resulting  in 
an  advantage  in  connection  with  countermeasures 
against  a  reduction  in  size  of  the  heat  exchanger 
part. 

On  the  other  hand,  an  air  conditioner  for  use  in 
a  motor  vehicle  includes  a  heat  exchanger  having 
harmonica  tubes  25  obtained  by  extrusion  molding 
of  aluminum  as  shown  in  Fig.  8A,  or  inner  fin  tubes 
26  each  obtained  by  inserting  a  wavy  fin  or  rib  28 
into  an  aluminum  flat  tube  27  subjected  to  high 
frequency  welding  which  are  soldered  as  shown  in 
Fig.  8B,  and  outer  fins  29  superimposed  alternately 
as  shown  in  Fig.  8C.  This  air  conditioner  is  used  in 
ventilating  a  portion  of  the  outer  fins  29. 

As  compared  with  the  seamless  heat  exchang- 
er  tube,  that  one  produced  by  high  frequency  weld- 
ing  has  a  welded  portion  which  needs  ensured 
reliability. 

For  obtaining  sure  welding,  conditions  neces- 
sary  to  welding  should  be  satisfied.  For  this  pur- 
pose,  some  conditions  necessary  to  welding  but, 

actually,  with  possible  deviation  from  a  proper  val- 
ue  should  be  eliminated. 

The  principal  conditions  of  welding  are  as  fol- 
lows:  1)  welding  temperature  which  depends  on 

5  heat  input,  speed,  thickness,  approach  angle,  and 
resistance;  2)  butt  which  depends  on  parallel  butt 
and  pressure  welding  width  which  in  turn  depends 
on  width,  thickness,  preforming,  and  slit  shape;  3) 
atmosphere  which  depends  on  non-oxidation  which 

io  in  turn  depends  on  Argon  (Ar)  gas  flow. 
Control  for  input  heat  of  1)  is  carried  out  in 

using  various  fluctuation  factors,  and  control  meth- 
ods  for  the  welding  temperature  of  1)  and  the 
welding  atmosphere  of  3)  are  established. 

75  As  to  a  control  method  for  butt,  control  should 
be  carried  out  in  processes  of  rolling  of  the  linear 
member,  and  shaping  and  roll  forming  of  slits  or 
grooves,  however,  control  on  detected  fluctuation 
factors  cannot  currently  be  adopted.  Up  to  the 

20  present,  it  is  carried  out  in  accordance  with  inspec- 
tion  of  a  size  of  the  linear  member  and  a  section  of 
the  slit  to  select  nondefectives  which  may  have  a 
practical  tolerance  of  accuracy  or  dispersion. 

The  most  important  factors  are  conditioning  of 
25  an  edge  of  an  edge  portion  of  the  linear  member, 

width  thereof,  and  circular  forming  of  the  edge 
portion.  Ordinarily,  this  is  ensured  by  improvement 
in  accuracy  of  slit  cutting  and  design  of  a  roll 
groove  shape  for  roll  forming.  Thus,  a  method  is 

30  adopted  that  after  carrying  out  grooving/rolling  of 
the  linear  member  out  of  a  line,  slit  cutting  is 
carried  out  on  the  entirety  of  the  width  thereof  on 
the  line.  On  the  other  hand,  a  groove  shaping 
method  for  the  linear  member  is  proposed  which 

35  carries  out  circular  forming  of  the  edge  portion 
(see,  for  example,  JP-A  4-157017).  However,  this 
method  is  still  unsatisfying  due  to  dispersion  of  a 
width  and  end  face  shape  of  the  linear  member. 

Therefore,  when  carrying  out  roll  forming  and 
40  welding,  the  linear  member  grooved  according  to 

the  actual  groove  shaping  method  has  welds  unsta- 
ble  and  insufficient  in  strength,  resulting  in  impos- 
sible  elimination  of  secular  dispersion. 

On  the  other  hand,  preparation  is  made  ac- 
45  tually  for  using,  as  a  heat  exchanger  cooling  me- 

dium,  substitute  freon  which  decomposes  before 
reaching  the  ozone  layer  in  place  of  freon  which 
destroys  same. 

However,  since  substitute  freon  has  about  20 
50  %  reduced  heat  exchanger  characteristic,  coun- 

termeasures  should  be  taken  in  view  of  total  aboli- 
tion  of  the  use  of  freon. 

Moreover,  with  substitute  freon,  a  heat  ex- 
changer  area  of  the  heat  exchanger  tube  should  be 

55  increased  by  a  reduced  part  of  heat  exchanger 
characteristic,  which  produces  a  problem  of  a 
weight  and  size  thereof.  Therefore,  performance  of 
the  heat  exchanger  tube  should  be  improved  to 

2 



3 EP  0  591  693  A1 4 

fully  compensate  a  reduction  in  heat  exchanger 
characteristic. 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  system  for  grooving  and  rolling  a 
linear  member  without  any  dispersion  of  a  width 
and  end  face  shape  thereof  and  with  sufficient  heat 
exchanger  characteristic,  and  a  flat  heat  exchanger 
tube  resulting  therefrom. 

SUMMARY  OF  THE  INVENTION 

According  to  an  aspect  of  the  present  inven- 
tion,  there  is  provided  a  system  for  grooving  and 
rolling  a  linear  member,  comprising: 

a  first  roll,  said  first  roll  having  a  groove  for- 
ming  part  provided  with  a  plurality  of  protrusions 
and  edge  rolling  parts  disposed  on  both  sides  of 
said  groove  forming  part,  said  groove  forming  part 
being  symmetrically  constructed  in  the  cross  direc- 
tion  of  the  linear  member,  said  groove  forming  part 
having  at  least  one  buffer  area  disposed  continu- 
ously  in  the  longitudinal  direction  of  the  linear 
member; 

a  second  roll  disposed  opposite  to  said  first 
roll;  and 

a  means  for  restraining  an  extension  of  the 
linear  member  in  the  cross  direction  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1A  is  a  sectional  views  showing  groove 
forming  according  to  a  first  preferred  embodi- 
ment  of  the  present  invention; 
Figs.  1B  and  1C  are  views  similar  to  Fig.  1A, 
each  showing  edge  rolling  according  to  the  first 
preferred  embodiment; 
Fig.  2A  is  a  view  similar  to  Fig.  1C,  showing  an 
original  linear  member  according  to  the  first 
preferred  embodiment; 
Fig.  2B  is  a  view  similar  to  Fig.  2A,  showing  a 
linear  member  grooved  and  rolled  according  to 
the  first  preferred  embodiment; 
Fig.  3A  is  a  view  similar  to  Fig.  2B,  showing 
groove  forming  according  to  a  second  preferred 
embodiment  of  the  present  invention; 
Figs.  3B  and  3C  are  views  similar  to  Fig.  3A, 
each  showing  edge  rolling  according  to  the  first 
preferred  embodiment; 
Fig.  4A  is  a  view  similar  to  Fig.  3C,  showing  an 
original  linear  member  according  to  the  second 
preferred  embodiment; 
Fig.  4B  is  a  view  similar  to  Fig.  4A,  showing  a 
linear  member  grooved  and  rolled  according  to 
the  second  preferred  embodiment; 
Fig.  5A  is  an  enlarged  fragmentary  section 
showing  a  flat  heat  exchanger  tube  according  to 
the  second  preferred  embodiment; 

Fig.  5B  is  an  enlarged  view  of  a  portion  "a"  in 
Fig.  5A; 
Fig.  6A  is  a  perspective  view  showing  a  flat  tube 
and  a  wavy  fin  to  be  inserted  therein; 

5  Fig.  6B  is  a  view  similar  to  Fig.  6A,  showing  the 
flat  tube  with  the  wavy  fin  inserted; 
Fig.  7  is  a  schematic  view  showing  a  method  of 
manufacturing  a  heat  exchanger  tube  with 
grooved  inner  surface; 

io  Figs.  8A  and  8B  are  view  similar  to  Fig.  6B, 
each  showing  a  known  heat  exchanger  tube  for 
an  automotive  air  conditioner;  and 
Fig.  8C  is  a  fragmentary  side  view  showing  a 
known  heat  exchanger. 

15 
DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  to  the  drawings  wherein  like  refer- 
ence  numerals  designate  like  parts  throughout  the 

20  views,  preferred  embodiments  of  the  present  inven- 
tion  will  be  described. 

Referring  to  Figs.  1A  to  2B,  there  is  shown  a 
first  preferred  embodiment  wherein  reference  nu- 
merals  1  and  8  designate  a  groove  forming  roll  and 

25  a  support  roll,  respectively,  in  a  system  for  groov- 
ing  and  rolling  a  linear  member.  10  designates  an 
original  linear  member,  and  11  designates  a  linear 
member  rolled  and  grooved. 

Referring  particularly  to  Fig.  1A,  the  groove 
30  forming  roll  1  comprises  a  groove  forming  part  1A, 

and  edge  rolling  parts  1B  disposed  on  both  ends 
thereof.  The  groove  forming  part  1A  is  provided 
with  a  plurality  of  grooving  protrusions  2  with  a 
pitch  p,  a  height  h2  and  an  inclination  angle  0,  and 

35  a  section  formed  substantially  in  a  trapezoid,  and  a 
lower  protrusion  3  located  in  the  center  of  the 
groove  forming  part  1A  for  contacting  a  surface  of 
the  original  linear  member  upon  grooving/rolling. 

Referring  to  Fig.  1B,  each  edge  rolling  part  1B 
40  comprises  a  small  diameter  portion  7  connected  to 

a  base  portion  of  the  grooving  protrusion  2'  dis- 
posed  at  an  end  of  the  groove  forming  part  1A,  and 
an  end  rolling  part  5  having  a  bevel  portion.  A 
width  W2  of  the  small  diameter  portion  7  is  larger 

45  than  a  width  wi  of  a  groove  portion  4  of  the  groove 
forming  part  1A. 

The  support  roll  8  is  provided  with  flanges  9  at 
both  ends  thereof  for  arresting  elongation  of  the 
linear  member  in  the  cross  direction  thereof  upon 

50  grooving/rolling.  A  height  of  the  flange  9  is  deter- 
mined  so  that  when  the  flange  9  comes  in  contact 
with  the  end  rolling  part  5  of  the  groove  forming  roll 
1  ,  a  distance  between  the  grooving  protrusion  2'  of 
the  groove  forming  part  1A  and  a  surface  of  the 

55  support  roll  8  is  equal  to  a  predetermined  thickness 
tmin  of  each  groove  12  of  the  linear  member  11 
grooved  and  rolled. 

3 
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Referring  to  Fig.  1C,  the  width  W2  of  the  small 
diameter  portion  7'  connected  to  the  base  portion 
of  the  grooving  protrusion  2'  of  the  edge  rolling 
part  1  B  is  not  equal  to  the  width  wi  of  the  groove 
portion  4  of  the  groove  forming  part  1A,  while  a 
diameter  of  the  small  diameter  portion  7'  is  smaller 
than  a  diameter  of  the  groove  portion  4. 

The  groove  forming  roll  1  and  the  support  roll  8 
are  disposed  so  that  the  flanges  9  of  the  support 
roll  8  contact  the  end  rolling  part  5  of  the  groove 
forming  roll  1  constructed  as  described  above, 
which  are  rotated  so  that  the  original  linear  member 
10  as  shown  in  Fig.  2A  passes  therebetween  for 
grooving/rolling. 

When  the  original  linear  member  10  comes 
between  the  rolls  1  and  8,  each  grooving  protrusion 
2  of  the  groove  forming  part  1A  presses  the  sur- 
face  of  the  original  linear  member  10  to  obtain  the 
thickness  tmin,  thus  forming  the  groove  12. 

Referring  to  Fig.  1A,  a  portion  of  the  linear 
member  extruded  from  the  groove  12  by  the 
grooving  protrusion  2  serves  to  come  in  the  groove 
portion  4  of  the  groove  forming  roll  1  in  increasing 
a  thickness  of  an  adjacent  portion  thereof,  forming 
a  protrusion  portion  with  a  thickness  tmax.  A  portion 
of  the  linear  member  which  could  not  come  in  the 
groove  portion  4  due  to  a  greater  thickness  to  of 
the  linear  member  than  a  reference  value,  etc. 
moves  in  the  cross  direction  of  the  linear  member 
so  as  to  come  in  a  clearance  gi  which  is  formed 
on  both  sides  of  the  lower  protrusion  3  disposed  in 
the  center  of  the  groove  forming  roll  1  . 

That  is,  as  best  seen  in  Fig.  2B,  the  clearance 
gi  serves  as  a  buffer  area  Ci  for  alleviating  elonga- 
tion  of  the  linear  member  1  1  in  the  cross  direction 
thereof. 

Referring  to  Fig.  1B,  simultaneously  with  groov- 
ing,  both  ends  of  the  linear  member  11  are  rolled 
by  the  end  rolling  part  1  B.  However,  since  elonga- 
tion  of  the  linear  member  1  1  in  the  cross  direction 
thereof  by  rolling  is  arrested  by  the  flanges  9  of  the 
support  roll  8,  a  portion  of  the  linear  member 
extruded  in  the  same  way  as  described  above  with 
a  greater  volume  than  a  reference  value  comes  in  a 
clearance  g2  formed  in  the  small  diameter  portion 
7. 

That  is,  as  best  seen  in  Fig.  2B,  the  clearance 
g2  also  serves  as  a  buffer  area  C2  for  alleviating 
elongation  of  the  linear  member  11  in  the  cross 
direction  thereof. 

According  to  this  embodiment,  since  elongation 
of  the  linear  member  in  the  cross  direction  thereof 
produced  upon  grooving/rolling  can  be  not  only 
restricted  by  the  support  roll  8,  but  absorbed  by 
the  buffer  areas  C1  ,  C2,  the  linear  member  11 
grooved  and  rolled  presents  no  dispersion  of  a 
width  and  end  face  shape  even  if  the  original  linear 
member  10  has  some  dispersion  of  a  thickness, 

width,  etc.  It  is  to  be  noted  that  in  Figs.  1A  to  2B, 
reference  numeral  A  designates  a  groove  portion  of 
the  linear  member  11,  and  B  designates  an  edge 
portion  thereof. 

5  When  the  groove  forming  roll  1  is  used  which 
has  the  grooving  protrusion  2  with  the  pitch  p  of 
0.  55  mm  on  average,  the  height  h2  (=  tmax  -  tmin) 
of  0.16  mm,  and  the  inclination  angle  6  of  about 
10°  ,  and  the  original  linear  member  10  made  of 

10  phosphor  deoxidized  copper  and  with  the  thickness 
of  0.3  mm  and  the  width  of  20.8  mm  is  subjected 
to  grooving/rolling  out  of  a  line,  the  linear  member 
11  is  obtained  which  has  a  groove  pitch  of  0.55 
mm  on  average,  a  thickness  tmax  of  0.38  mm  and 

15  tmj„  of  0.22  mm,  and  a  groove  angle  10°. 
This  linear  member  11  grooved  and  rolled  is 

subjected  to  roll  forming  on  the  entirety  of  the 
outer  periphery  thereof  so  as  to  obtain  a  finished 
tube  with  a  diameter  of  6.35  mm.  Then,  a  butt 

20  portion  of  the  linear  member  11  is  subjected  to 
high  frequency  welding  by  a  seam  welding  equip- 
ment. 

In  this  case,  since  grooving/rolling  ensures  for- 
ming  of  the  grooves  12  with  a  width  regulated 

25  accurately  at  a  certain  value,  welding  can  be  car- 
ried  out  with  less  butt  dispersion  based  on  roll 
forming  on  the  entirety  of  the  outer  periphery  of  the 
linear  member  11,  i.e.,  a  butt  angle  of  ±  2°  (  + 
20  0  ,  -  0  0  in  the  prior  art)  and  a  height  dispersion 

30  of  ±  0.1  mm  (±  0.25  mm  in  the  prior  art). 
Thus,  not  only  welding  is  largely  improved  in 

strength,  but  in  quality  for  a  long  period  of  time, 
1.  e.,  one  defect  per  50  Km  (one  defect  per  10  Km 
in  the  prior  art),  resulting  in  largely  increased  and 

35  stabilized  reliability  of  welding  quality.  Moreover,  a 
yield  is  improved  from  prior  art  80  %  to  95  %. 

Since  the  system  is  less  adjusted  with  material 
variations,  an  operation  rate  thereof  is  increased 
from  prior  art  70  %  to  95  %. 

40  Moreover,  due  to  less  butt  angle  and  height 
dispersion,  a  life  of  consumables  is  considerably 
improved,  e.g.,  for  a  seam  guide,  100  hours  -►  400 
hours,  and  for  a  squeeze  roll,  400  hours  -►  800 
hours. 

45  According  to  this  embodiment,  the  linear  mem- 
ber  11  has  the  buffer  area  C1  disposed  in  the 
center  thereof  as  shown  in  Fig.  1A,  and  the  buffer 
area  C2  disposed  on  the  side  end  thereof  as  shown 
in  Figs.  1B  and  1C.  Alternatively,  the  linear  mem- 

50  ber  1  1  may  has  either  of  the  buffer  areas  C1  ,  C2. 
Moreover,  according  to  this  embodiment,  the 

grooving  protrusion  2  of  the  groove  forming  roll  1  is 
shaped  in  a  trapezoid  for  obtaining  a  trapezoidal 
groove,  however,  it  may  be  freely  selected.  For  this 

55  grooving/rolling,  it  is  important  to  satisfy  the  follow- 
ing  conditions: 

a)  The  grooves  12  of  the  linear  member  are 
symmetrically  formed, 

4 



7 EP  0  591  693  A1 8 

b)  The  groove  forming  roll  1  has  in  the  cross 
direction  thereof  at  least  one  buffer  area  which 
continues  in  the  longitudinal  direction  of  the 
linear  member, 
c)  The  groove  forming  roll  1  or  the  support  roll  8 
has  on  both  ends  thereof  flange  portions  for 
arresting  extension  of  the  linear  member  in  the 
cross  direction  thereof,  and 
d)  A  thickness  te  of  the  end  portion  of  the  linear 
member  is:  (tmax  +  tmin)/2  k  te  >  tmin. 

Referring  next  to  Figs.  3A  to  4B,  there  is  shown 
a  second  preferred  embodiment  of  the  present 
invention. 

Referring  particularly  to  Fig.  3A,  reference  nu- 
meral  1'  designates  a  groove  forming  roll  for  a 
linear  member  for  an  inner  fin  type  welded  flat  heat 
exchanger  tube,  and  4'  designates  a  shallow  and 
flat  groove  portion  located  at  a  predetermined  pitch 
position  in  a  groove  portion  4  of  a  groove  forming 
roll  1'. 

Referring  to  Figs.  4A  and  4B,  10'  designates  an 
original  aluminum  linear  member,  11'  designates 
an  aluminum  linear  member  formed  by  the  groove 
forming  roll  1',  and  16  designates  a  soldering  pro- 
trusion  formed  by  the  groove  portion  4'  of  the 
groove  forming  roll  1'. 

The  other  constitution  is  substantially  the  same 
as  the  first  preferred  embodiment  except  that  the 
groove  forming  roll  1'  and  a  width  thereof  are 
slightly  different  from  that  ones  as  shown  in  Figs. 
1Ato  1C. 

In  the  same  manner  as  the  first  preferred  em- 
bodiment,  the  original  linear  member  10'  is 
grooved  and  rolled  by  the  groove  forming  roll  1  '  to 
obtain  the  linear  member  11'.  The  linear  member 
11'  is  subjected  to  roll  forming  on  the  entirety  of 
the  outer  periphery  thereof  so  as  to  form  a  flat 
tube.  Then,  a  butt  portion  of  the  linear  member  11' 
is  subjected  to  high  frequency  welding  by  the 
seam  welding  equipment,  obtaining  a  flat  tube  with 
grooved  inner  surface. 

Referring  to  Figs.  5A  to  6B,  this  flat  tube  with 
grooved  inner  surface  15  is  cut  to  a  predetermined 
length  (between  about  150  mm  and  500  mm)  so  as 
to  fit  a  length  of  an  automotive  air  conditioner.  A 
solder  18  is  placed  on  inner  and  outer  surfaces  of 
the  flat  tube  15  as  best  seen  in  Fig.  5B,  and  a 
wavy  fin  17  with  the  solder  18  placed  and  substan- 
tially  the  same  length  as  the  flat  tube  15  is  inserted 
therein  so  that  each  convex  portion  thereof  con- 
tacts  the  corresponding  soldering  protrusion  16  as 
best  seen  in  Figs.  5A  and  6A. 

The  flat  tube  15  having  the  wavy  fin  17  in- 
serted  is  heated  in  a  furnace  so  that  the  convex 
portion  of  the  wavy  fin  17  is  soldered  to  the  cor- 
responding  soldering  protrusion  16  on  the  inner 
surface  of  the  flat  tube  15,  obtaining  an  inner  fin 
type  flat  heat  exchanger  tube  with  grooved  inner 

surface  14  as  shown  in  Fig.  6B. 
When  the  groove  forming  roll  1  is  used  which 

has  the  grooving  protrusion  2  with  the  pitch  p  of 
0.55  mm  on  average,  the  height  h2  (=  tmax  -  tmin) 

5  of  0.16  mm,  and  the  inclination  angle  6  of  about 
10°,  and  the  original  linear  member  10'  made  of 
three-layer  clad  aluminum  and  with  the  thickness  of 
0.  3  mm  and  the  width  of  42.2  mm  is  subjected  to 
grooving/rolling  out  of  a  line,  the  linear  member  11' 

io  is  obtained  which  has  the  groove  pitch  of  0.55  mm 
on  average,  the  thickness  tmax  of  0.38  mm  and  tmin 
of  0.22  mm,  and  the  groove  angle  10°. 

This  linear  member  11  grooved  and  rolled  is 
subjected  to  roll  forming  on  the  entirety  of  the 

is  outer  periphery  thereof,  which  is  formed  in  a  flat 
shape  so  as  to  obtain  a  finished  flat  tube  with  long 
diameter  of  20  mm  x  small  diameter  of  2  mm. 
Then,  a  butt  portion  of  the  linear  member  11'  is 
subjected  to  high  frequency  welding  by  the  seam 

20  welding  equipment. 
In  this  case,  since  grooving/rolling  ensures  for- 

ming  of  the  grooves  12  with  a  width  regulated 
accurately  at  a  certain  value,  welding  can  be  car- 
ried  out  with  less  butt  dispersion  based  on  roll 

25  forming  on  the  entirety  of  the  outer  periphery  of  the 
linear  member  11',  i.e.,  the  butt  angle  of  ±  2°  (  + 
20  °  ,  -  0  °  in  the  prior  art)  and  the  height  dispersion 
of  ±  0.1  mm  (±  0.25  mm  in  the  prior  art). 

Thus,  not  only  welding  is  largely  improved  in 
30  strength,  but  in  quality  for  a  long  period  of  time, 

1.  e.,  one  defect  per  50  Km  (one  defect  per  10  Km 
in  the  prior  art),  resulting  in  largely  increased  and 
stabilized  reliability  of  welding  quality.  Moreover,  a 
yield  is  improved  from  prior  art  83  %  to  98  %. 

35  Since  the  system  is  less  adjusted  with  material 
variations,  an  operation  rate  thereof  is  increased 
from  prior  art  72  %  to  97  %. 

Moreover,  due  to  less  butt  angle  and  height 
dispersion,  a  life  of  consumables  is  considerably 

40  improved,  e.g.,  for  a  seam  guide,  350  hours  -►  920 
hours,  and  for  a  squeeze  roll,  800  hours  -►  3000 
hours. 

According  to  this  embodiment,  the  linear  mem- 
ber  11'  has  the  buffer  area  Ci  disposed  in  the 

45  center  thereof  as  shown  in  Fig.  3A,  and  the  buffer 
area  C2  disposed  on  the  side  end  thereof  as  shown 
in  Figs.  3B  and  3C.  Alternatively,  the  linear  mem- 
ber  11'  may  has  either  of  the  buffer  areas  C1  ,  C2. 

Moreover,  according  to  this  embodiment,  the 
50  grooving  protrusion  2  of  the  groove  forming  roll  1' 

is  shaped  in  a  trapezoid  for  obtaining  a  trapezoidal 
groove,  however,  it  may  be  freely  selected.  For  this 
grooving/rolling,  it  is  important  to  satisfy  the  follow- 
ing  conditions: 

55  a)  The  grooves  12  of  the  linear  member  are 
symmetrically  formed,  except  ones  to  be  sol- 
dered  to  the  fin  17, 

5 
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b)  The  groove  forming  roll  1'  has  in  the  cross 
direction  thereof  at  least  one  buffer  area  which 
continues  in  the  longitudinal  direction  of  the 
linear  member,  and 
c)  The  groove  forming  roll  1'  or  the  support  roll 
8  has  on  both  ends  thereof  flange  portions  for 
arresting  extension  of  the  linear  member  in  the 
cross  direction  thereof. 

Having  described  the  present  invention  in  con- 
nection  with  the  preferred  embodiments,  it  is  to  be 
noted  that  the  present  invention  is  not  limited 
thereto,  and  various  changes  and  modifications  are 
possible  without  departing  from  the  spirit  of  the 
present  invention. 

Claims 

1.  A  system  for  grooving  and  rolling  a  linear 
member,  comprising: 

a  first  roll,  said  first  roll  having  a  groove 
forming  part  provided  with  a  plurality  of  protru- 
sions  and  edge  rolling  parts  disposed  on  both 
sides  of  said  groove  forming  part,  said  groove 
forming  part  being  symmetrically  constructed 
in  the  cross  direction  of  the  linear  member, 
said  groove  forming  part  having  at  least  one 
buffer  area  disposed  continuously  in  the  lon- 
gitudinal  direction  of  the  linear  member; 

a  second  roll  disposed  opposite  to  said 
first  roll;  and 

a  means  for  restraining  an  extension  of  the 
linear  member  in  the  cross  direction  thereof. 

2.  A  system  as  claimed  in  claim  1,  wherein  said 
at  least  one  buffer  area  of  said  groove  forming 
part  is  located  in  a  center  portion  thereof 
wherein  one  of  said  plurality  of  protrusion  of 
said  first  roll  is  disposed  to  contact  a  surface 
of  the  linear  member. 

3.  A  system  as  claimed  in  claim  2,  wherein  said 
at  least  one  buffer  area  of  said  groove  forming 
part  is  located  between  one  of  said  edge  roll- 
ing  parts  and  adjacent  one  of  said  plurality  of 
protrusions  of  said  first  roll. 

4.  A  system  as  claimed  in  claim  1,  wherein  said 
restraining  means  is  in  the  form  of  a  flange 
mounted  to  said  first  roll. 

5.  A  system  as  claimed  in  claim  4,  wherein  said 
restraining  means  is  in  the  form  of  a  flange 
mounted  to  said  second  roll. 

6.  A  system  as  claimed  in  claim  1  ,  wherein  ones 
of  said  plurality  of  protrusions  of  said  groove 
forming  part  are  disposed  in  a  predetermined 
pitch  position  to  contact  a  surface  of  the  linear 

member,  each  of  said  ones  of  said  plurality  of 
protrusions  serving  to  form  a  portion  to  be 
soldered  to  an  inner  fin. 
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