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Description 

The  present  invention  relates  to  a  tube  having 
holes,  and  a  method  for  manufacturing  such  a  tube, 
more  particularly,  which  is  suitable  for  use  in  irrigation  5 
or  sprinkling. 

Conventional  tubes  having  holes  have  a  large 
number  of  small  holes  formed  in  the  longitudinal  di- 
rection  on  a  half  side  thereof.  Such  tubes  having 
holes  are  widely  used  for  sprinkling  water  or  spraying  10 
liquid  fertilizer  over  vegetables,  fruits  or  flowers. 

Manufacture  of  such  a  tube  is  not  very  difficult;  it 
can  be  easily  manufactured  by  forcing  a  synthetic  res- 
in  through  the  cylindrical  orifice  of  a  die.  However, 
drilling  small  holes  only  on  one  side  of  the  continuous  15 
tube  manufactured  is  not  easy. 

Conventionally,  a  tube  having  holes  is  manufac- 
tured  by  preparing  a  first  synthetic  resin  tape  with  a 
large  number  of  holes  drilled  in  it  and  a  second  syn- 
thetic  resin  tape  having  the  same  shape  but  no  holes  20 
in  it  and  then  by  sticking  the  edges  of  the  first  tape  to 
the  edges  of  the  second  tape  to  form  a  continuous 
tube.  The  first  tape  is  drilled  mechanically  by  punch- 
ing  or  using  a  laser  beam. 

However,  the  tube  having  holes  manufactured  in  25 
the  above-described  method  has  a  disadvantage  in 
that  it  may  rupture  at  its  seams  when  a  hydraulic  pres- 
sure  is  applied  thereto.  Furthermore,  it  is  not  easy  to 
mass  produce  the  above-described  type  of  tube. 

Accordingly,  it  has  been  proposed  to  drill  a  seam-  30 
less  tube  manufactured  by  the  extrusion  by  folding 
the  seamless  tube  into  two  and  then  notching  the 
folded  edge  of  the  tube  in  a  semicircular  form  at  pre- 
determined  intervals.  The  semicircular  notches 
formed  become  circular  holes  when  the  seamless  35 
tube  is  unfolded.  However,  it  is  very  difficult  to  notch 
the  edge  of  the  folded  tube  in  the  same  semicircular 
form,  and  this  makes  it  difficultfor  substantially  circu- 
lar  holes  to  be  formed  in  an  unfolded  tube,  causing 
the  areas  of  the  openings  of  the  individual  holes  to  40 
vary  from  each  other.  According  to  US-4028525,  a 
small  hole  may  be  formed  in  a  wall  of  a  flexible  mem- 
ber  or  structure  such  as  a  tube  of  a  thermoplastic  ma- 
terial  by  an  apparatus  including  a  rotating  wheel  by  a 
laser  beam  source  directed  towards  the  wheel,  and  45 
rotating  reflecting  means  for  reflecting  the  beam  from 
this  source  so  as  to  direct  the  beam  towards  a  spe- 
cific  area  of  the  flexible  member.  Preferably  the  flex- 
ible  member  is  held  against  a  surface  of  the  wheel  as 
the  beam  is  directed  so  as  to  engage  only  a  single  50 
point  on  the  surface  of  the  flexible  member. 

In  view  of  the  aforementioned  problems  of  the  pri- 
or  technique,  an  object  of  the  present  invention  is  to 
provide  a  tube  with  precise  holes,  and  a  method  and 
an  apparatus  for  manufacturing  such  a  tube.  55 

According  to  the  present  invention,  there  is  pro- 
vided  a  method  of  manufacturing  a  tube  having  holes, 
comprising  the  steps  of: 

molding  a  seamless  tube  in  which  a  black  syn- 
thetic  resin  film  portion  and  a  synthetic  resin  film  por- 
tion  having  a  color  other  than  black  are  provided  so 
that  any  cross-section  perpendicular  to  the  length  of 
the  tube  has  alternate  black  and  non-black  portions; 
and 

drilling  at  least  one  hole  in  each  black  synthetic 
resin  film  portion  by  a  laser  beam  focussed  thereon. 

The  present  invention  also  provides  a  seamless 
tube  of  a  synthetic  resin  having  holes  characterized 
in  that  said  tube  has  a  black  synthetic  resin  film  por- 
tion  and  a  synthetic  resin  film  portion  having  a  color 
other  than  black  so  that  any  cross-section  perpendic- 
ular  to  the  length  of  the  tube  has  alternate  black  and 
non-black  portions  and  each  black  synthetic  resin 
film  portion  has  at  least  one  through-hole. 

From  the  viewpoint  of  drilling  using  a  laser  beam, 
it  is  preferable  for  a  synthetic  resin  that  forms  the 
black  synthetic  resin  film  portion  to  contain  0.5  to  10 
wt%  of  carbon  black  as  a  coloring  agent. 

Fig.  1  is  a  cross-sectional  view  of  a  tube  from 
which  a  tube  having  holes  according  to  the  pres- 
ent  invention  is  manufactured;  and 
Fig.  2  is  a  cross-sectional  view  of  another  tube 
from  which  the  tube  having  holes  according  to  the 
present  invention  is  manufactured. 
Atube  having  holes  and  a  method  of  manufactur- 

ing  such  a  tube  according  to  the  present  invention  will 
be  mainly  described  below  with  reference  to  Figs.  1 
and  2. 

A  tube  having  holes  according  to  the  present  in- 
vention  is  a  seamless  tube  in  which  a  black  synthetic 
resin  film  portion  and  a  synthetic  resin  film  portion 
having  a  color  other  than  blackare  alternately  formed 
in  a  circumferential  direction  of  the  tube. 

The  black  synthetic  resin  film  portion  and  the 
synthetic  resin  film  portion  having  a  color  other  than 
black  may  be  formed  of  a  thermoplastic  resin.  Suit- 
able  thermoplastic  resins  include  polyolefines  such 
as  polyethylene,  polyamide  and  polyester. 

Both  the  black  film  portion  and  non-black  film 
portion  may  be  colored  using  coloring  agents.  Any 
known  coloring  agent  may  be  used.  Examples  of  col- 
oring  agents  for  the  non-black  film  portion  include  ti- 
tanium  white,  cyanine  green,  chrome  yellow,  cyanine 
blue  and  quinacridone  red.  No  coloring  may  be  per- 
formed  on  the  non-black  film  portion. 

However,  it  is  preferable  for  the  non-black  film 
portion  to  be  colored  white  or  in  a  color  as  close  to 
white  as  possible.  Preferably,  titanium  white  may  be 
employed  to  color  such  a  white  film  portion. 

In  a  case  where  titanium  white  is  used  as  a  col- 
oring  agent,  the  coloring  agent  may  be  mixed  in  a  ratio 
of  0.8  wt  parts  or  above  relative  to  100  weight  parts 
of  synthetic  resin. 

The  black  film  portion  may  be  colored  using  car- 
bon  black.  Carbon  black  may  be  contained  in  a  ratio 
ranging  from  0.5  wt  %  to  1  0  wt  %,  and  preferably,  from 
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2  wt  %  to  6  wt%,  relative  to  the  overall  weight  of  the 
synthetic  resin  compound  containing  carbon  black. 

If  the  ratio  of  carbon  black  is  0.5  wt%  or  less  rel- 
ative  to  the  overall  weight  of  the  synthetic  resin  com- 
pound  that  forms  the  black  film  portion,  a  laser  beam 
absorption  rate  is  low,  making  drilling  difficult.  If  the 
ratio  of  carbon  black  exceeds  1  0  wt  %,  the  properties 
of  the  resultant  film,  such  as  tenacity  or  elongation 
thereof,  are  deteriorated. 

When  a  tube  is  to  be  manufactured  from  a  ther- 
moplastic  resin,  two  extruders  and  one  tube  molding 
die  connected  to  the  two  extruders  may  be  employed 
to  mold  the  thermoplastic  resin.  More  specifically, 
black  molten  resin  containing  carbon  black  in  a  ratio 
ranging  from  5  wt%  to  1  0  wt%  may  be  forced  out  from 
one  of  the  two  extruders,  whereas  non-black  molten 
resin  may  be  forced  out  from  the  other  extruder,  the 
two  molded  resin  portions  being  fitted  with  each  other 
later  by  a  tube  molding  die  to  form  a  seamless  tube 
such  as  that  shown  in  Fig.  1  in  which  a  black  portion 
and  a  non-black  portion  are  alternately  formed  in  its 
circumferential  directions.  The  seamless  tube  may 
also  be  formed  such  that  it  has  a  plurality  of  black  por- 
tions  and  a  plurality  of  non-black  portions  alternately, 
as  shown  in  Fig.  2. 

In  this  invention,  laser  beam  machining  is  per- 
formed  on  the  tube  obtained  in  the  above-described 
manner  by  irradiating  a  laser  beam  on  the  black  por- 
tion  of  the  tube.  Generally,  a  laser  beam  emitted  from 
yttrium  aluminum  garnet  crystals  using  neodymium 
ions  may  be  employed.  A  laser  beam  may  be  output 
at  0.1  to  40  J/P,  and  preferably,  at  0.3  to  2  J/P.  If  the 
output  is  less  than  0.1  J/P,  it  is  difficult  to  obtain  an 
energy  level  sufficient  to  drill  the  tube.  If  the  output 
exceeds  40  J/P,  a  laser  beam  may  penetrate  the  tube, 
forming  two  holes  in  the  tube  or  damaging  the  non- 
black  portion,  even  if  the  tube  employed  is  one  in 
which  two  color  portions  are  alternately  formed. 

When  the  laser  beam  irradiates  the  black  por- 
tion,  most  of  the  laser  beam  is  absorbed  by  the  dye- 
stuff  contained  in  the  black  portion  where  it  is  con- 
verted  into  thermal  energy,  by  means  of  which  a  hole 
is  formed  from  the  outer  side  of  the  tube  toward  the 
inner  side  thereof.  After  having  passing  through  the 
hole,  the  laser  beam  proceeds  further  and  reaches 
the  inner  side  of  the  opposite  side  of  the  tube.  How- 
ever,  since  the  opposite  portion  of  the  tube  is  in  a  col- 
or  other  than  black,  most  of  the  laser  beam  is  irregu- 
larly  reflected  by  that  portion  while  the  remaining  por- 
tion  of  optical  energy  is  converted  into  thermal  ener- 
gy,  thus  preventing  a  hole  from  being  formed  from  the 
inner  side  of  the  tube  toward  the  outer  side  thereof. 
This  enables  the  tube  to  be  drilled  in  a  flat  state  by  a 
laser  beam. 

An  example  of  the  method  of  manufacturing  a 
tube  having  holes  will  be  described  below  with  refer- 
ence  to  Figs.  1  to  2. 

<Example> 

A  tube  having  holes  was  manufactured  by  the 
5  manufacturing  method  in  the  manner  described  be- 

low. 
A  tube  molding  die  and  two  extruders  connected 

to  this  tube  molding  die  were  employed.  96  weight 
parts  of  transparent  pellet  of  polyethylene  and  4 

10  weight  parts  of  carbon  black  were  put  in  one  of  the  ex- 
truders  where  they  were  kneaded.  98  weight  parts  of 
transparent  pellet  of  polyethylene  and  2  weight  parts 
of  titanium  white  were  put  in  the  other  extruder  where 
they  were  kneaded.  The  two  molded  resin  portions 

15  extruded  from  the  respective  extruders  were  fitted 
with  each  other  by  the  tube  molding  die  so  as  to  form 
a  seamless  tube  in  which  a  black  synthetic  resin  film 
portion  1  and  a  white  synthetic  resin  film  portion  2 
were  formed,  as  shown  in  Fig.  1  . 

20  Next,  the  black  portion  1  of  the  thus-obtained 
tube  was  irradiated  by  a  YAG  laser  beam  3  fordrilling. 
The  laser  beam  3  was  output  at  0.8  J/P. 

An  accurate  hole  was  formed  in  the  tube  at  a  pre- 
cise  position. 

25  No  damage  was  made  on  the  white  portion  3  of 
the  tube  by  the  laser  beam  3. 

In  the  method  of  manufacturing  a  tube  having 
holes  according  to  the  present  invention,  the  tube 
prepared  can  be  drilled  using  a  laser  beam,  facilitating 

30  drilling.  Furthermore,  since  the  tube  can  be  drilled  by 
a  laser  beam  in  a  flat  state,  the  precise  holes  can  be 
formed  in  the  tube  at  precise  positions.  The  resultant 
tube  has  no  fitted  portion  and,  hence,  there  is  no  de- 
crease  in  the  strength  thereof.  These  eliminate  pro- 

35  vision  of  defected  tube  having  holes. 

Claims 

40  1.  Aseamless  tube  of  a  synthetic  resin  having  holes 
characterized  in  that  said  tube  has  a  black  syn- 
thetic  resin  film  portion  (1)  and  a  synthetic  resin 
film  portion  (2)  having  a  color  other  than  black  so 
that  any  cross-section  perpendicular  to  the 

45  length  of  the  tube  has  alternate  black  and  non- 
black  portions  and  each  black  synthetic  resin  film 
portion  has  at  least  one  through-hole. 

2.  A  tube  according  to  claim  1,  wherein  said  synthet- 
50  ic  resin  film  portion  (2)  having  a  color  other  than 

black  is  white. 

3.  A  tube  according  to  claim  2,  wherein  said  white 
color  is  provided  by  titanium  white. 

55 
4.  A  method  of  manufacturing  a  tube  having  holes, 

comprising  the  steps  of: 
molding  a  seamless  tube  in  which  a  black 

synthetic  resin  film  portion  and  a  synthetic  resin 

3 
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film  portion  having  a  color  other  than  black  are 
provided  so  that  any  cross-section  perpendicular 
to  the  length  of  the  tube  has  alternate  black  and 
non-black  portions;  and  5 

drilling  at  least  one  hole  in  each  black  syn- 
thetic  resin  film  portion  by  a  laser  beam  focussed 
thereon. 

5.  A  method  according  to  claim  4,  wherein  each  10 
black  synthetic  resin  portion  contains  0.5  to  10 
wt%  of  carbon  black. 

6.  A  method  according  to  claim  4  or  5  wherein  said 
seamless  tube  is  formed  using  an  extruder  appa-  15 
ratus  consisting  of  one  tube  molding  die  and  two 
extruders  connected  to  said  die,  and  wherein  said 
seamless  tube  is  formed  by  forcing  black  molten 
resin  out  of  one  of  said  two  extruders  while  forc- 
ing  molten  resin  having  a  color  other  than  black  20 
from  the  other  extruder. 

einen  darauf  fokussierten  Laserstrahl. 

5.  Verfahren  nach  Anspruch  4, 
beidemjederschwarze  Abschnittaus  Kunstharz 
0,5  bis  10  Gew.-%  Rulischwarz  enthalt. 

6.  Verfahren  nach  Anspruch  4  oder  5, 
bei  dem  der  nahtlose  Schlauch  in  einer  Extrusi- 
onsvorrichtung  geformt  wird,  die  aus  einer 
Schlauchgieliform  und  zwei  mit  der  Form  ver- 
bundenen  Extrudern  besteht  und  bei  dem  der 
nahtlose  Schlauch  durch  Pressen  des  schwar- 
zen  geschmolzenen  Harzes  durch  einen  der  zwei 
Extruder  geformt  wird,  wahrend  das  andersfarbi- 
ge  geschmolzene  Harz  durch  den  anderen  Extru- 
der  geprelit  wird. 

7.  Verfahren  nach  Anspruch  4,  5  oder  6, 
bei  dem  das  andersfarbige  geschmolzene  Harz 
Titanweili  enthalt. 

7.  A  method  according  to  claim  4,  5  or  6,  wherein 
said  molten  resin  having  a  color  other  than  black 
contains  titanium  white. 

Patentanspruche 

1.  Nahtloser  Schlauch  aus  Kunstharz  mit  Lochern, 
dadurch  gekennzeichnet,  dali 
der  Schlauch  einen  schwarzen  Abschnitt  aus 
Kunstharzfolie  (1)  und  einen  andersfarbigen  Ab- 
schnittaus  Kunstharzfolie  (2)  aufweist,  so  dali  je- 
der  vertikal  zur  Lange  des  Schlauches  verlaufen- 
de  Querschnitt  abwechselnd  schwarze  und  an- 
dersfarbige  Abschnitte  aufweist  und  jeder 
schwarze  Abschnitt  aus  Kunstharzfolie  minde- 
stens  ein  Durchgangsloch  hat. 

2.  Schlauch  nach  Anspruch  1, 
wobei  der  andersfarbige  Abschnitt  aus  Kunst- 
harzfolie  (2)  weill  ist. 

Revendications 
25 

1.  Tube  sans  soudure  en  resine  synthetique  qui 
comprend  des  trous,  caracterise  en  ce  que  ledit 
tube  comprend  une  partie  de  film  (1)  en  resine 
synthetique  noire  et  une  partie  de  film  (2)  en  re- 

30  sine  synthetique  ayant  une  couleur  autre  que  le 
noir  de  sorte  que  toute  coupe  perpendiculaire  a 
la  longueur  du  tube  presente  des  parties  alter- 
nees  noires  et  non-noires  et  chaque  partie  de  film 
en  resine  synthetique  noire  presente  au  moins  un 

35  trou  traversant. 

2.  Tube  selon  la  revendication  1,  dans  lequel  ladite 
partie  de  film  (2)  en  resine  synthetique  ayant  une 
couleur  autre  que  le  noir  est  blanche. 

40 
3.  Tube  selon  la  revendication  2,  dans  lequel  ladite 

couleur  blanche  est  fournie  par  du  blanc  de  tita- 
ne. 

3.  Schlauch  nach  Anspruch  2,  45 
wobei  die  weilie  Farbe  durch  Titanweili  bereitge- 
stellt  wird. 

4.  Verfahren  zur  Herstellung  eines  Schlauches  mit 
Lochern,  das  die  folgenden  Schritte  umfalit:  50 
Formen  eines  nahtlosen  Schlauches,  der  einen 
schwarzen  Abschnitt  aus  Kunstharzfolie  und  ei- 
nen  andersfarbigen  Abschnittaus  Kunstharzfolie 
aufweist,  so  dali  jeder  vertikal  zur  Lange  des 
Schlauches  verlaufende  Querschnitt  abwech-  55 
selnd  schwarze  und  andersfarbige  Abschnitt  auf- 
weist;  und 
Bohren  von  mindestens  einem  Loch  in  jeden 
schwarzen  Abschnitt  aus  Kunstharzfolie  durch 

4.  Procede  de  fabrication  d'un  tube  avec  trous, 
comprenant  les  etapes  consistant  a  : 

-  mouler  un  tube  sans  soudure  dans  lequel  il 
y  a  une  partie  de  film  en  resine  synthetique 
noire  et  une  partie  de  film  en  resine  synthe- 
tique  ayant  une  autre  couleur  que  le  noirde 
sorte  que  toute  coupe  perpendiculaire  a  la 
longueur  du  tube  presente  des  parties  alter- 
nees  noires  et  non-noires,  et 

-  percerau  moins  un  trou  dans  chaque  partie 
de  film  en  resine  synthetique  noire  grace  a 
un  faisceau  laser  qui  y  est  focal  ise. 

5.  Procede  selon  la  revendication  4,  dans  lequel 
chaque  partie  en  resine  synthetique  noire 

4 
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contient  de  0,5  a  1  0  %  en  poids  de  noir  de  carbo- 
ne. 

6.  Procede  selon  la  revendication  4  ou  5,  dans  le-  5 
quel  on  forme  led  it  tube  sans  soudure  en  utilisant 
un  appareil  d'extrusion  comprenant  une  matrice 
de  moulage  de  tube  et  deux  extrudeuses  reliees 
a  ladite  matrice,  et  dans  lequel  on  forme  ledit  tube 
sans  soudure  en  poussant  de  la  resine  fondue  10 
noire  hors  de  I'une  desdites  deux  extrudeuses 
tandis  que  Ton  pousse  de  la  resine  fondue  ayant 
une  couleur  autre  que  le  noir  hors  de  I'autre  ex- 
trudeuse. 

15 
7.  Procede  selon  la  revendication  4,  5  ou  6,  dans  le- 

quel  ladite  resine  fondue  ayant  une  couleur  autre 
que  le  noir  contient  du  blanc  de  titane. 
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