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This  invention  relates  to  a  method  and 
apparatus  for  cooling  hot  steel  pipes  without 
causing  the  pipes  to  bend  along  their  length  and 
damaging  the  roundness  of  their  cross  section. 

When  a  steel  pipe  is  cooled  rapidly  from  such  a 
high  temperature  as,  for  example,  850°C  for  the 
purpose  of  heat  treatment,  the  pipe  may  deform 
unless  the  cooling  proceeds  evenly  in  the  cir- 
cumferential  and  axial  directions  thereof. 

The  deformation  of  a  steel  pipe  occurring  during 
the  cooling  process  can  be  classified  as  "bend" 
which  is  the  impairment  of  straightness  in  its  axial 
direction  and  "elliptical  deformation"  which  is  the 
impairment  of  roundness  in  its  cross-sectional 
plane. 

The  bent  or  elliptically  deformed  pipe  makes  its 
handling  in  the  subsequent  process  difficult  or 
impossible. 

The  two  kinds  of  deformation  developed  during 
the  heat  treatment  process  are  corrected  by  the 
methods  described  in  thefollowing.  Application  of 
a  corrective  mechanical force  on  a  cold  pipe, 
however,  leaves  internal  stress  within  the  pipe. 

When  used  in  deep  oil  wells,  wells  producing 
high-pressure  gases  sour  oils,  and  gas  wells  and 
wells  in  cold  districts  and  other  hostile  conditions, 
pipes  not  freed  of  internal  stress  may  collapse 
under  low  pressure  or  develop  stress-corrosion 
cracking.  Therefore,  cold  correction  is  not  always 
desirable  depending  on  the  kind  of  service  into 
which  pipes  are  put. 

The  pipe  deformation  developed  during  the 
cooling  process  can  be  corrected  to  a  considerable 
extent;  the  bend  by  straightening  and  the  elliptical 
deformation  by  warm  sizing  immediately  after 
tempering.  Yet,  a  certain  amount  of  detrimental 
deformation  remains  unremoved  sometimes.  If  a 
thread  is  cut  at  the  end  of  such  a  pipe  after  heat 
treatment,  the  thread  would  not  turn  out  satisfac- 
tory. 

The  bend  of  pipe  is  commonly  corrected  by  use 
of  a  multi-roll  straightener  comprising  concave- 
drumshaped  roll  sets  in  an  intersecting  fashion. 
The  multi-roll  straightener  can  straighten  a  long- 
order  bend  extending  throughoutthe  entire  length 
of  a  pipe  with  high  accuracy.  Meanwhile,  this 
method  is  capable  of  improving  any  minor  bend  at 
the  pipe  end  only  by  approximately  50  percent 
because  of  the  limitations  imposed  by  its  roll 
arrangement. 

Turning  that  is  given  to  pipes  being  conveyed  or 
waiting  in  the  walking-beam  type  tempering  fur- 
nace  following  the  quenching  process  also 
corrects  a  long-order  bend  across  the  pipe  length 
to  some  extent,  but  this  method  also  is  not  very 
effective  on  the  minor  pipe-end  bend. 

With  such  a  pipe-end  bend  left  uncorrected  even 
aftertempering  or straightening,  no  good  straight- 
ness  or  satisfactory  thread  cutting  can  be  hoped 
for  on  the  finished  pipe.  This  pipe-end  bend  shows 
a  strong  tendency  to  appear  on  small-diameter, 
light-wall  pipes,  such  as  those  whose  outside 
diameter  is  not  larger  than  100  mm. 

Elliptical  deformation  of  a  pipe  is  usually 
corrected  by passing  it,  after tempering, through  a 
sizing  mill  while  applying  a  small  amount  of 
reduction,  which  commonly  comprises  three 
stands  each  of which  has two  or three  rolls forming 
a  circular  pass. 

But  any  pipe  whose  cross-section  became 
heavily  elliptical  in  the  quenching  process  passes 
through  this  mill  uncorrected  to  the  subsequent 
process. 

The  multi-roll  straightener  mentioned  before 
also  corrects  the  roundness  of  a  pipe  when  it 
straightens  its  bend,  but  only  to  the  extent  of 
approximately  50  percent. 

Like  the  axial  bend,  the  elliptical  deformation 
also  has  an  adverse  effect  on  the  thread  cutting  at 
pipe  ends  and  collapse  strength  of  pipe  in  high 
pressure  wells. 

Elliptical  deformation  occurs  mainly  on  larger- 
diameter  pipes. 

For  the  reasons  mentioned  previously,  high- 
grade  seamless  steel  pipes  for  oil-well  applica- 
tions  hardly  tolerate  deformation.  Therefore,  they 
call  for  a  cooling  means  developing  little  or  no 
deformation.. 

This  invention  aims  at  providing  such  a  cooling 
means  that  ensures  the  production  of  steel  pipes 
having  little  or  no  deformation. 

Several  techniques  to  perform  deformation-free 
quenching  have  been  studied  conventionally. 

One  of  such  techniques  is  both-side  dip  quench- 
ing.  For  inside  cooling  according  to  this  method,  it 
is  necessary  to  secure  the  necessary  flow  rate  of 
coolant  on  the  inside  of  a  pipe  according  to  the 
inside  diameter  and  length  thereof.  For  outside 
cooling,  it  is  necessary to  provide  a  spray  nozzle  in 
such  a  manner  that  uniform  cooling  is  provided 
along  the  circumference  and  length  of  a  pipe  and 
also  to  spray  as  much  water  as  is  appropriate  for 
the  surface  area  thereof.  A  technique  to  provide  a 
uniform  cooling  over  the  circumference  of  a  pipe 
through  the  rotation  of  the  pipe  being  cooled  is 
also  referred  to  in,  for  example,  JP-A-44735/  
1982. 

However,  none  of  these  conventional  cooling 
techniques  are  satisfactory  because  their  deforma- 
tion-preventing  effects  have  their  limits. 

Steel  pipes  to  be  quenched  themselves  also 
involve  several  factors  that  can  cause  or  lead  to 
deformation.  The  heat  transfer  coefficient  and  the 
circumferential  temperature  distribution  vary  with 
the  surface  condition  of  a  heated  steel  pipe.  Also, 
the  cooling  rate  varies  if there  is  any  wall  thickness 
eccentricity.  If  there  are  these  variations,  different 
parts  of the  pipe  being  quenched  will  shrink  and/or 
expand,  as  a  result  of  transformation,  at  different 
rates.  Such  uneven  shrinkage  and/or  expansion 
gives  rise  to  thermal  stress  which,  in  turn,  results 
in  the  deformation  of  the  pipe. 

A  pipe  deformed  during  cooling  gets  out  of  its 
proper  cooling  position,  as  a  result  of  which  the 
pipe  no  longer  retains  the  positional  relationship 
with  the  cooling  apparatus  that  is  necessary for the 
achievement  of  the  desired  cooling.  This  also 
furthers  the  unbalanced  cooling  of  the  pipe. 



This  phenomenon  appears  more  at  pipe  ends 
than  elsewhere,  and  more  frequently  when  the 
free  end  of  the  pipe  being  cooled  is  longer. 

The  existing  both-side  dip  quenching  and  other 
conventional  pipe  cooling  techniques  paid  no 
attention  to  the  effect  the  length  of  the  free  end  of 
a  pipe  exerts  on  its  bend  that  occurs  during  or 
after  cooling. 

Owing  to  equipment  design  limitations,  pipes 
of  certain  lengths  have  been  cooled  in  what  may 
be  called  the  cantilevered  state  in  which  a  long 
portion  of  the  pipe  end  is  left  unsupported. 

The  aforementioned  technique  disclosed  in 
JP-A-44735/1982  cools  both  the  inside  and 
outside  of  a  pipe  restrained  at  three  points  along 
the  length  thereof  and  rotated  about  the  axis 
thereof.  Nevertheless,  nothing  is  disclosed  as  to 
the  magnitude  of  the  effect  the  length  of  the  free 
end  exerts  on  the  pipe  being  cooled  and  the 
technical  measure  to  cope  with  the  variation  in 
pipe  length. 

US-A-2748038  describes  a  method  and 
apparatus  for  roll  quenching  and  straightening 
cylindrical  elongated  workpieces,  like  pipes.  The 
pipes  are  hardened  while  they  are  rotated,  and 
are  clamped  at  their  extremities  at  both  ends 
during  hardening  by  means  of  clamp  rollers. 

FR-A-2  505  361  describes  a  rotary  hardening 
method  similar  to  the  method  according  to 
JP-A-44735/1982.  The  internal  surface  of  the 
pipe  is  cooled  with  a  stream  of  water  passing 
through  the  pipe,  and  the  external  surface  of  the 
pipe  is  cooled  with  a  curtain-like  cascade  of  water. 
During  hardening  the  rotation  of  the  pipe  is 
restrained  by  a  plurality  of  stationary  holders. 

US-A-4 116 716  describes  an  immersion 
cooling  apparatus  for  hot  metal  pipes.  With  the 
non-rotary  two-surface  hardening  apparatus 
according  to  US-A-4. 116 716  a  pipe  is 
quenched  in  a  water  vessel,  with  a  jet  stream  of 
water  expelled  into  the  pipe  from  an  inside 
quenching  nozzle  under  water.  The  head  end  of 
the  pipe  in  the  water  vessel  lies  in  a  fixed  position 
relative  to  the  inside  quenching  nozzle,  and  is 
clamped  at  several  points  by  means  of  V-shaped 
holders.  Both  the  inside  quenching  nozzle  and  the 
holders  are  stationary  with  respect  to  the  water 
vessel. 

The  object  of  this  invention  is  to  provide  a 
method  and  apparatus  for  cooling  steel  pipes 
without  developing  deformation,  in  particular 
bend  at the  pipe  ends  and  elliptical  deformation  in 
the  cross  section  of  the  p ipe .  

This  object  is  achieved  by  the  features  of  the 
claims. 

In  cooling  a  pipe  from  both  inside  and  outside, 
for  the  purpose  of  heat  treatment,  radial  displace- 
ment  of  the  pipe  is  restrained  within  the  range  of 
500  mm,  or  preferably  250  mm,  away  from  both 
ends  thereof,  while  the  whole  length  of  the  pipe  is 
restrained  at  a  multiplicity  of  points  spaced  at 
intervals  of  1.0  to  2.5  m. 

Or,  a  pipe  whose  radial  displacement  is  re- 
strained  within  the  range  of  500  mm,  or  prefer- 
ably  250  mm,  away  from  both  ends  thereof,  and 

whose  whole  length  is  restrained  at  a  multiplicity 
of  points  spaced  at  intervals  of  1.0  to  2.5  m  is 
cooled  from  both  inside  and  outside  while  being 
rotated  about  its  axis. 

The  cooling  means  described  above  assures 
the  production  of  heat-treated  steel  pipes  with 
little  or  no  bend,  particularly  at  pipe  ends,  and 
with  a  high  degree  of  roundness  in  cross  section. 

Combination  of  the  restraint  within  the  range  of 
500  mm,  or  preferably  250  mm,  away  from  pipe 
ends  and  the  multi-point  restraint  at  1.0  to  2.5  m 
intervals  plays  a  decisive  role  in  the  production  of 
bend-free  heat-treated  steel  pipes  according  to 
this  invention. 

It  is  important  for  a  pipe  to  be  cooled  in  such  a 
state  that  its  radial  displacement  is  restrained  at 
points  away  but  not  more  than  500  mm  away 
from  the  both  ends  thereof.  It  is  therefore 
necessary  to  ensure  that  a  pipe  of  any  length  be 
always  secured  at  such  points.  Accordingly, 
means  to  restrain  one  end  of  a  pipe  is  designed  to 
slide  freely  in  the  axial  direction  of  the  pipe, 
thereby  permitting  the  radial  displacement  of  the 
pipe  to  be  restrained  at  the  predetermined  point. 

Addition  of  means  to  rotate  the  pipe  about  its 
axis  prevents  the  occurrence  of  elliptical  deforma- 
tion  that  is  likely  to  occur  when  light-wall,  large- 
diameter  pipes  are  cooled. 

This  invention  provides  a  method  and  a  com- 
mercial  scale  apparatus  for  hardening  or  cooling 
steel  pipes,  including  upset  pipes,  of  all  dimen- 
sions  ranging  from  small  to  large  in  diameter, 
from  light to  heavy  in  wall  thickness,  and  short  to 
long  in  length,  on  one  and  the  same  cooling 
apparatus,  without  developing  any  deformation. 
In  quenching  pipes  by  using  the  method  and 
apparatus  of  this  invention,  no  bends,  especially 
those  at  pipe  ends,  occur  even  on  smaller-dia- 
meter  pipes  whose  outside  diameter  is  not  larger 
than  100  mm  and  no  elliptical  deformations  of  the 
cross  section  occur  on  larger-diameter  pipes. 

Principally this  invention  aims  at  preventing  the 
occurrence  of  a  pipe  bend  especially  at  pipe  end 
during  the  cooling  process  for  hardening.  One  of 
its  major  aims  is  to  provide  a  cooling  means  that 
develops  little  or  no  bend  on  pipes  with  relatively 
small  diameters  that  are  likely  to  bend.  Another 
important  aim  is  to  cool  larger-diameter  pipes 
without  deforming  their  round  cross  section  into 
elliptical  form. 

The  inventors  have  discovered  that  the  pipe 
end  bend  is  remarkably  improved  by  restraining  a 
point  close  to  each  end  of  a  pipe  at  all  times,  as  a 
result  of  a  number  of  experiments  on  the  method 
of  restraining  the  pipe  being  cooled. 

One  of  the  characteristics  of  the  pipe  cooling 
method  and  apparatus  according  to  this  invention 
lies  in  restraining  small  diameter  pipes  which  are 
likely  to  bend  at  ends,  such  as  those  whose 
outside  diameter  is  not  larger  than  100  mm,  at  a 
point  not  more  than  500  mm,  or  preferably  not 
more  than  250  mm,  away  from  each  end  and  also 
at  intermediate  points  spaced  at  intervals  of  1.0  to 
2.5  m  along  the  length  of  the  pipe. 

The  length  of  the  free  end  allowable  from  the 



viewpoint  of  bend  prevention  depends  upon  the 
size  of the  pipe  to  be  cooled.  From  the  results  of the 
experiments  conducted  by  the  inventors,  it  seems 
preferable to  restrain  (the  radial  displacement of  a 
pipe)  at  a  point  not  more  than  500  mm,  or 
preferably  not  more  than  250  mm,  away from  each 
end  thereof. 

There are two  methods of restraining  a  pipe;  one 
is  called  stationary  quenching  (cooling)  that  does 
not  rotate the  pipe  in  the  cooling  vessel,  conducted 
by  use  of  a  V-shaped  pipe  support  and  a  device  to 
clamp  the  pipe  from  above,  and  the  other  is  called 
rotary  quenching  (cooling)  employing  turning 
rolls  that  support  and  rotate  the  pipe  and  pinch 
rolls  that  guide  the  rotating  pipe  while  exerting  a 
pressure  from  above.  Both  methods  of  restraining 
pipe  have  proved  to  produce  substantially  the 
same  effect  under  the  same  condition  on  a  wide 
variety  of  pipes. 

The  following  paragraphs  describe  how  and 
why  the  multi-point  restraint,  especially  one  near 
the  pipe  ends,  prevents  the  occurrence  of  pipe 
bend,  especially  at  pipe  ends. 

The  inventors  conducted  a  quenching  test  by 
passing  a  coolant  only  through  the  inside  of  pipes 
in  the  atmosphere.  The  test  revealed  that  a  longer 
free  end  makes  a  more  complex  and  larger  motion 
during  cooling,  eventually  producing  a  heavier 
pipe-end  bend. 

The  invention  is  further  described  in  detail  with 
reference  to  the  drawings  in  which 

Fig.  1  is  a  graph  showing  the  relationship 
between  the  end  bend  and  the  length  of  the  free 
end  of  a pipe that  is  quenched  from  both  inside and 
outside. 

Fig.  2  is  a  graph  showing  the  relationship 
between the  overall  bend  and the  length  ofthefree 
end  of  a  4  m  long  pipe. 

Fig.  3  is  a  graph  showing  the  difference  in  the 
roundness  of  a  pipe  that  is  cooled  under  the 
conditions  according  to  this  invention  with  and 
without  rotation  about  its  axis. 

Fig.  4  is  a  plan  view  of  a  quenching  apparatus 
according  to  this  invention. 

Fig.  5  is  a  side  elevation  of  the  same  quenching 
apparatus  showing  its  nozzle  in  the  advanced 
position. 

Fig.  6  is  a  partial  side  elevation  of  the  same 
quenching  apparatus  showing  its  nozzle  in  the 
withdrawn  position. 

Fig.  7  is  a  cross-sectional  view  of  a  pipe  restrain- 
ing  device  of  the  same  quenching  apparatus. 

Fig.  8  is  a  cross-sectional  view  of  a  quenching 
apparatus  based  on  the  rotary  quenching  concept. 

Fig.  1  shows  a  typical  relationship  between  the 
length  of  the  free  end  of  a  pipe  whose  inside  and 
outside  are  subjected  to  quenching  and  the  result- 
ing  bend  at the  end  thereof.  As  shown,  even  a  pipe 
with  an  outside  diameter  of  60.3  mm  does  not 
develop  an  end-bend  exceeding  6  mm/m  in  mag- 
nitude  if the  length  of  its free  end  is  kept within  500 
mm,  and  scarcely  any  end-bend  develops  if  the 
free  end  length  is  held  within  250  mm. 

With  a  pipe  quenched  on  both  inside  and 
outside,  there  exists  an  interrelationship  between 

the  long-order  bend  across  a  pipe  and  the  minor 
bend  at  pipe  ends.  It  has  been  empirically  known 
that  the  incidence  of  end-bend  increases  if  the 
cooling  condition  and  equipment  are  such  that  will 
develop  a  large  long-order  bend.  By  varying  the 
length  of the  free  end,  the  end-bends  on  both-side- 
quenched  pipes were  measured  as  shown  in  Fig. 1. 
The  greater  the  length  of  the  free  end,  the  greater 
bend will  result from  the  quenching  on  both  inside 
and  outside.  Fig.  2  shows  that  the  out-of-straight- 
ness  of  lighter-wall,  smaller-diameter  pipes  is 
greatly  improved,  developing  little  overall  bend,  if 
the  length  of their free  end  is  held  below  500  mm, 
or  preferably  below  250  mm. 

The  pipes  used  in  the  experiments  shown  in 
Figs.  1  and  2  were  4  m  in  length.  It  has  been 
ascertained  through  the  experiments  on  the  exist- 
ing  both-side  quenching  apparatus  that  the  same 
resultwill  be  obtained  with  pipes  ranging  in  length 
between  approximately  12  m  and  14  m  since  the 
intermediate  portion  of  each  pipe  is  restrained  at 
intervals  of  1.0  m  to  2.5  m. 

A  quenching  test  was  conducted  on  an  existing 
both-side  dip  quenching  apparatus,  using  seam- 
less  steel  pipes  according  to  A.P.I.  N-80  having  a 
diameter of 60.3  mm,  a thickness  of 4.83  mm,  and  a 
length  of  9.85  m.  When  restrained  at  intervals  of 
approximately  3.5  m  to  4.5  m,  pipes  bent  to  such  a 
large  extent  as  150  mm  to  200  mm  maximum.  But 
the  bend  decreased  sharply  when  pipes  were 
restrained  at  points  away  but  not  more  than  500 
mm  away  from  both  ends  and  at  intervals  of  1.0  m 
to  2.5  m  in  between.  That  is,  when  a  pipe  is 
restrained  at  many  points,  including  those  near 
both  ends  thereof,  according  to  the  method  of this 
invention,  the  quenching-induced  bend  does  not 
increase  either  in  incidence  or  in  magnitude  with 
an  increase  in  pipe  length,  which  has  been  the  case 
with  the  conventional  quenching  operations  as. 
described  in  JP-A-44735/1982. 

The  mechanism  by  which  the  multi-point  re- 
straint  provided  at  both  ends  and  in  the  inter- 
mediate  portion  of  a  pipe  prevents  the  long-order 
and  end  bends  may  be  explained  as  follows.  Even 
when  any  unbalanced  stress  arises  at  a  certain 
specific  point  of  area  or  time,  the  impact  of  such  a 
great  localized  stress  is  soon  relieved  as  the  stress 
gradually  spreads  into  the  neighboring  areas 
because  the  pipe  being  quenched  is  restrained  at 
many  points.  The  eventual  residual  stress  is  so 
small  that  the  pipe  scarcely  bends  even  after  the 
multi-point  restraint  has  been  released. 

With  the  conventional  both-side  dip  quenching 
method,  it  has  been  impossible  to  prevent  the 
quenching-induced  bends  on  small-diameter, 
light-wall  pipes,  and  such  bends  have  called  for  a 
heavy  straightening  in  the  subsequent  process. 
Now  this  invention  makes  it  possible  to  apply  a 
bend-free  quenching  to  a  wide  variety  of  pipes 
including  upset  ones,  ranging  from  small  to  large 
in  diameter,  light  to  heavy  in  wall  thickness,  and 
short  to  long  in  pipe  length,  through  the  provision 
of  the  multi-point  restraint  at  points  away  but  not 
more  than  500  mm  away  from  both  ends  and  at 
intervals  of  1.0  m  to  2.5  m  in  between.  This  has 



greatly  decreased  the  need  for  the  straightening 
work  in  the  subsequent  process.  All  this  results  in 
a  great  commercial  advantage. 

Now  it  has  been  ascertained  that  restraining 
both  ends  of  a  pipe  prevents  the  occurrence  of 
bend,  especially  one  at  the  pipe  end.  Still,  approp- 
riate  design  consideration  is  needed  to  ensure 
that  a  given  point  at  each  end  of  pipes  of  various 
lengths  be  restrained  at  all  times. 

According  to  this  invention,  end  stoppers  are 
provided  at  several  reference  points  from  which  a 

suitable  one  is  chosen  depending  upon  the  length 
of  a  pipe  extracted  from  the  hardening  furnace.  A 
stationary  restraining  device  is  provided  at  a 
given  distance  from  each  reference  point  so  that  a 
given  position  at  one  end  of  the  pipe  is  at  all  times 
restrained  during  quenching.  A  movable  restrain- 
ing  device  is  also  provided  to  restrain  a  given 
position  at  the  other  end  of  the  pipe  whose  one 
end  is  fixed  by  the  end  stopper.  The  movable 
restraining  device  is  capable  of  changing  its 
position  within  the  distance  that  is  smaller  than 
the  interval  at  which  said  reference  points  are  set. 

An  inside  cooling  nozzle  to  inject  coolant  into  a 
pipe  may  be  provided  at  either  end  of  the  pipe.  In 
this  invention,  the  nozzle  is  provided  on  the  side 
where  the  movable  restraining  device  is  placed 
and  the  position  of  the  pipe  end  varies  less.  The 
inside  cooling  nozzle  is  designed  to  move  along 
with  the  movable  restraining  device  so  that  a 
constant  distance  is  always  kept  between  the 
nozzle,  and  the  restraining  device,  and  the  pipe 
end  irrespective  of  the  pipe  length.  Further,  pro- 
visions  are  made  so that the  height  of  the  restrain- 
ing  device  and  the  inside  cooling  nozzle  and  the 
distance  from  the  pipe  end  to  the  nozzle  can  be 
adjusted  as  the  pipe  diameter  changes. 

It  is  also  possible  to  always  restrain  both  ends 
of  a  pipe  without  employing  said  combination  of 
the  stationary  movable  restraining  devices.  Any 
such  method,  however,  is  at  a  disadvantage 
because  of  some  design  and  layout  limitations.  If, 
for  example,all  of  the  restraining  devices  are 
stationary,  they  must  be  spaced  at  intervals  of  not 
more  than  500  mm  in  order  that  both  ends  of  a 
pipe  are  restrained  at  a  point  not  more  than  500 
mm  away  from  each  end.  Such  an  arrangement, 
however,  makes  many  dead  angles  for  applica- 
tion  of  coolant  on  the  outside  of  a  pipe  because  of 
the  limitations  imposed  by  the  relationship  with 
the  charging  and  discharging  devices  and  the 
position  of  the  outside  cooling  nozzle.  This  will 
pose  various  hardening  problems,  such  as  a  non- 
uniform  hardening  of  heavy-wall  and  low- 
hardenability  pipes.  It  will  also  impair  the  round- 
ness  of  pipes,  and  call  for  a  larger  capital  invest- 
ment. 

The  relationship  between  the  unbalanced  cool- 
ing  and  pipe  bends  and  the  measures  to  prevent 
such  bends  have  been  described  in  the  foregoing. 
It  is  also  necessary  to  prevent  the  elliptical  defor- 
mation  of  pipe  cross  section  which  also  results 
from  the  unbalanced  cooling  as  mentioned  pre- 
viously. 

The  elliptical  deformation  of  a  pipe  arises  when 

the  pipe  is  unevenly  cooled  over .the  circumfer- 
ence  thereof.  To  prevent  the  elliptical  deforma- 
tion,  therefore,  it  is  necessary  to  give  as  uniform  a 
cooling  as  possible  over  the  circumference. 

Prevention  of  the  elliptical  deformation  on  an 
both-side  dip  quenching  apparatus  centers  on  the 
application  of  an  even  cooling  on  the  outside  of 
pipes.  This  may  be  achieved  by  providing  many 
spray  nozzles  around  the  outside  wall  of  a  pipe. 
BUt the  need  to  install  the  charging  and  discharg- 
ing  devices,  a  supporting  table,  etc.  limits  the 
number  of  such  nozzles.  Besides,  such  devices 
are  likely  to  disturb  the  flow  of  applied  water  in 
the  cooling  vessel.  It  may  be  also  possible  to 
reduce  the  nonuniform  circumferential  cooling  by 
increasing  the  quantity  of  water  applied  on  the 
outside  of  a  pipe  and  vigorously  stirring  the  water 
in  the  cooling  vessel.  But  this  method  also  has 
several  disadvantages.  It  cannot  provide  a  uni- 
form  cooling  along  the  length  of  a  pipe  because 
the  supporting  table  in  the  water  vessel  prevents 
the  smooth  flow  of  water,  thereby  causing  non- 
uniform  cooling.  The  use  of  plenty  of  water  costs 
dearly,  as  well. 

The  present  invention  provides  a  cost-advan- 
tageous  method  to  eliminate  the  elliptical  defor- 
mation  of  pipes  through  the  minimization  of 
uneven  cooling.  According  to  this  method,  out- 
side  cooling  nozzles  are  arranged  in  a  sub- 
stantially  horizontal  row  on  each  side  of  a  pipe 
being  quenched  in  order  to  minimize  the  con- 
sumption  of  water  and  the  area  in  which  smooth 
water  flow  is  hampered.  Further,  the  pipe  being 
quenched  is  rotated  at  a  rate  of  30  to  150  times 
per  minute  in  order  to  minimize  the  nonuniform 
cooling  over  the  circumference  thereof.  The  out- 
side  cooling  nozzles  on  both  sides  of  the  pipe  are 
spaced  at  intervals  of  not  more  than  300  mm,  and 
arranged  in  a  staggered  fashion  in  order  to 
prevent  the  localized  deformation  over  the  length 
of  a  pipe.  This  method  has  reduced  the  mag- 
nitude  of  elliptical  deformation  by  half. 

Fig.  3  shows  how  the  elliptical  deformation  (or 
out  of  roundness)  of  pipes  changed  in  an  experi- 
ment  conducted  under  the  aforementioned  con- 
ditions,  with  the  pipes  rotated  at  a  rate  of  20  to  60 
times  per  minute. 

The  reason  why  the  number  of  pipe  rotations  is 
limited  between  30  and  150  times  per  minute  is  as 
follows. 

For  pipes  of  relatively  large  diameter,  as  shown 
in  Fig.  3,  out-of-roundness  was  greatly  improved 
and  stabilized at  a  rotating  rate  of  not  much  over 
30  times  per  minute  since  even  such  a ' low 
rotating  rate  produces  a  high  peripheral  speed.  In 
the  case  of  a  light-wall  pipe  with  a  small  diameter 
(60.3  mm),  the  desired  improvement  and  stabili- 
zation  in  pipe  bend  and  roundness  were  achieved 
at  a  relatively  higher  rotating  rate  between  60  and 
150  times  per  minute.  From  the  results  of  these 
experiments  and  simulative  calculation  of 
temperature  of  pipe  during  cooling,  it  has  been 
ascertained  that  the  proper  pipe  rotating  rate  falls 
somewhere  between  30  and  150  times  per  mi- 
nute.  That  is,  a  cooling  apparatus  designed  to 



rotate  pipes  at  a  rate  of  30  to  150  times  per  minute 
suffices  for  practical  purposes.  Rotating  pipes 
more  than  150  times  per  minute  is  not  only  un- 
necessary  but  also  a  waste  of  power. 

Now,  preferred  embodiments  of  this  invention 
will  be  described  by  reference  to  the  accompany- 
ing  drawings.  Figs.  4  through  7  illustrate  a 
quenching  apparatus  according  to  this  invention. 
In  Fig.  4,  a  pipe  20  moves  downward  from  above. 
A  hardening  furnace  1  is  followed  by  skids  2 
which  are,  in  turn,  followed  by  an  aligning  table  3. 
On  the  aligning  table  3  are  disposed  concave- 
drum-shaped  rollers  4  which  are  spaced  at  given 
intervals  and  adapted  to  be  rotated  by  an  electric 
motor  (not  shown).  Up-down  stoppers  5a,  5b  and 
5c  are  provided  in  the  right  part  of  the  aligning 
table  3  (Fig.  4)  to  stop  the  pipe  20  at  reference 
positions  a,  b and  c.  The  aligning  table  3  also  is 
equipped  with  kickers  6  to  discharge  the  pipe  20 
and  skids  7  to  deliver  the  kicked-out  pipe  20  to  a 
subsequent  quenching  apparatus.  The  quenching 
apparatus  comprises  a  water  vessel  8, stationary 
restraining  devices,  a  movable  restraining  device, 
and  an  inside  cooling  nozzle.  The  stationary  re- 
straining  devices  are  spaced  at  given  intervals 
between  the  positions  corresponding  to  said  up- 
down  stoppers  5a,  5b  and  5c  and  the  movable 
restraining  devices.  Each  stationary  restraining 
device  comprises  a  support  9  and  a  clamp  10  that 
is  fluidically  opened  and  closed.  The  movable 
restraining  device  comprises  a  support  12  and  a 
clamp  13,  which  are  identical  with  those  of  the 
stationary  restraining  device,  mounted  on  a  trans- 
fer  car  11.  A  cylinder  14  moves  the  transfer  car  11 
back  and  forth  in  Fig.  5.  The  transfer  car  11  also 
carries  an  inside  cooling  nozzle  15.  The  position  of 
the  nozzle  15  relative  to  the  movable  restraining 
device  is  changed  by  means  of  a  vertical  position 
adjuster  16  and  a  horizontal  position  adjuster  17. 
The  quenching  apparatus  is  followed  by  kickers 
18  to  discharge  the  pipe  20  out  of  the  water  vessel 
and  skids  19  for  further  delivery  of  the  pipe. 

The  following  is  a  description  of  a  case  in  which 
pipes  20a,  20b  and  20c  of  three  different  lengths 
are  treated.  When  a  pipe  20a  is  to  be  quenched, 
the  stopper  5a  is  raised  to  stop  the  right  end  of  the 
pipe  at  reference  point  a.  For  pipes  20b  and  20c, 
the  stoppers  5b  and  5c  are  raised  to  stop  the  right 
end  of  each  pipe  at  reference  points  b and  c, 
respectively.  That  is,  the  right  one  is  chosen  from 
the  stoppers  5a,  5b  and  5c  depending  upon  the 
length  of  the  pipe.  When  the  right  ends  of  the 
pipes  20a,  20b  and  20c  are  stopped  at  the  ref- 
erence  points  a,  b and  c,  the  left  ends  of  the  pipes 
stand  at  different  points  as  shown  in  Fig.  4.  This 
difference  calls  for  the  movement  of  the  movable 
restraining  device  and  the  inside  cooling  nozzle. 
Figs.  5  and  6  show  the  position  of  the  transfer  car 
11  with  the  pipes  20a  and  20c,  respectively. 

Now  the  flow  of  the  pipe  will  be  explained.  The 
pipe  20  heated  in  the  hardening  furnace  1  is  taken 
out  through  the  discharge  door  (not  shown) 
thereof,  sent  over  the  skids  2,  and  dropped  on  the 
aligning  table  3.  The  rollers  4  on  the  aligning  table 
3  immediately  begin  to  turn  to  deliver  the  pipe  20 

to  the  right  in  Fig.  4.  Then  the  pipe  20  stops 
striking  against  the  stopper  5  that  has  been  raised 
in  readiness,  and  then  kicked  out  by  the  kicker  6 
onto  the  skids  7  for  delivery  into  the  water  vessel 
8  in  which  the  pipe  20  rests  on  the  supports  9  and 
12. 

As  soon  as  the  pipe  20  stops  in  the  quenching 
position  at  the  center  of  the  support  9,  it  is 
restrained  by  the  clamps  10  and  13.  The  moment 
the  clamps  restrain  the  pipe,  the  inside  cooling 
nozzle  15  ejects  water  to  cool  the  inside  of  the 
pipe  20.  The  flow  rate  of  the  cooling  water 
running  through  a  long  pipe,  usually  ranges  from 
approximately  2.5  m  to  30  m  per  second,  varying 
with  the  pipe  diameter,  wall  thickness  and  length. 
Outside  cooling  begins  the  moment  the  pipe 
drops  in  the  water  vessel,  with  water  applied  from 
the  outside  cooling  nozzles  23  as  required.  When 
thoroughly  cooled,  the  pipe  20  is  kicked  out  by  the 
kicker  18  and  rolls  over  the  skids  19  to  the 
subsequent  process. 

Another  embodiment  of  this  invention  has  a 
pipe  rotating  mechanism  added  to  the  embodi- 
ment  described  above.  In  this  second  embodi- 
ment,  the  pipe  20  is  restrained  by  turning  rolls 
and  pinching  rolls,  instead  of  the  supports  9  and 
12  and  the  clamps  10  and  13  in  the  first  embodi- 
ment.  Other  functions  are  the  same  as  those  of 
the  first  embodiment. 

The  second  embodiment  is  shown  in  Fig.  8,  in 
which  the  parts  similar  to  those  shown  in  Figs.  4 
and  5  are  designated  by  similar  reference 
numerals,  with  the  description  of  such  parts 
omitted. 

There  is  a  support  table  25  in  a  water  vessel  8. 
On  the  support table  25  are  mounted  plural  sets  of 
paired  pedestals  26  spaced  at  intervals  along  the 
length  of  the  water  vessel  8  (in  the  direction  at 
right  angles  with  the  drawing). 

The  paired  pedestals  26  support  rotary  shafts 
27,  to  which  pairs  of  turning  rolls  28  are  attached 
in  such  a  manner  that  part  of  one  roll  in  each  pair 
overlaps  part  of  the  other  roll  when  viewed  from 
above.  Each  rotary  shaft  27  is  driven  by  a  drive 
assembly  comprising  a  motor  equipped  with  a 
reduction  gear,  a  sprocket,  and  a  chain  (not 
shown). 

A  rotatable  bell  crank  lever  30  is  attached  to 
each  of  the  rotary  shaft  27.  To  one  end  of  the  bell 
crank  lever  30  is  coupled  a  linkage  31  extending 
outside  the  water  vessel  8.  The  bell  crank  lever  30 
is  tilted  by  a  fluid-operated  drive  32  through  the 
linkage  31.  A  rotatable  pinch  roll  33  is  attached  to 
the  other  end  of  the  bell  crank  lever  30. 

A  rotatable  sprocket  (not  shown)  is  attached  to 
the  rotary  shaft  27  at  the  right.  Over  this  sprocket 
and  a  sprocket  36  on  the  outside  of  the  water 
vessel  8  is  passed  a  conveyor  chain  34  having  a 
dog  35  to  form  a  charging  conveyor. 

A  rotatable  sprocket  (not  shown)  is  attached  to 
the  rotary  shaft  at  the  left.  A  conveyor  chain  37 
having  a  dog  38  is  passed  over this  sprocket  and  a 
sprocket  39  outside  the  water  vessel  8  to  form  a 
discharging  conveyor. 

Although  not  shown,  the  apparatus  illustrated 



in  Fig.  8  is  equipped  with  the  transfer  car  11, 
nozzle  15  and  so  on  shown  in  Fig.  4.  The  transfer 
car  carries  the  bell  crank  lever  30  carrying  said 
turning  roll  28  and  pinch  roll  33  which  are  driven 
by  a  fluid-operated  drive  (not  shown)  mounted  on 
the  same  transfer  car. 

In  this  apparatus,  the  pinch  rolls  33  are  open 
before  the  pipe  20  enters  the  water  vessel  8,  and 
then  close  to  restrain  the  pipe  20  the  moment  the 
pipe  20  is  placed  on  the  turning  rollers  28  by  the 
charging  conveyor.  The  turning  rollers  28  are 
rotated,  either  before  or  after  the  pipe  20  is  put 
thereon,  to  turn  the  restrained  pipe.  The  rotation 
continues  while  the  pipe  20  is  being  cooled.  On 
completion  of  cooling,  the  turning  rolls  28  stop 
rotating,  the  pinch  rolls  33  open,  and  the  dis- 
charging  conveyor  delivers  the  pipe  20  out  into 
the  subsequent  process. 

Pipes  are  charged  over  the  skids  and  dis- 
charged  by  the  kicker  in  one  of  the  two  embodi- 
ments  described  above,  and  charged  and  dis- 
charged  by  the  conveyor  chains  in  the  other.  It  is 
also  possible  to  charge  and  discharge  pipes  with 
the  use  of  kickers  or  a  combination  of  a  kicker  and 
a  conveyor  chain. 

As  will  be  evident  from  the  above  description, 
the  pipe  cooling  method  and  apparatus  according 
to  this  invention  minimize  the  bend  of  pipes, 
especially  one  at  the  ends  thereof,  thereby 
eliminating  all  troubles  resulting  from  the  bend. 
Addition  of  the  pipe  rotating  mechanism  reduces 
the  elliptical  deformation  of  the  pipe  cross  section 
as  well  as  the  bend  of  smaller  diameter  pipes.  The 
resulting  product  quality  improvement  offers  a 
large  merit.  The  pipe  cooling  method  and 
apparatus  of  this  invention  is  cost-advantageous 
in  that  they  are  capable  of  processing  pipes  of 
various  lengths  and  diameters  on  one  and  the 
same  apparatus. 

1.  A  method  of  cooling  steel  pipes  of  different 
lengths  which  comprises  the  steps  of: 

a)  sending  a  steel  pipe  lengthwise  to  a  point 
chosen  according  to  the  length  thereof; 

b)  sending  the  pipe  in  a  direction  perpendicular 
to  the  axis  thereof  into  a  water  vessel; 

c)  clamping  the  pipe  in  the  water  vessel; 
d)  passing  a  nozzle-injected  stream  of  cooling 

water  through  the  pipe  over  a  given  period  of 
time  from  the  front  end  thereof; 

e)  releasing  the  clamping  on  the  pipe  on  com- 
pletion  of cooling;  and 

f)  sending  the  pipe  out  of  the  water  vessel  in  a 
direction  perpendicular  to  the  axis  thereof;  which 
is  characterized  by 

g)  clamping  the  radial  motion  of  the  pipe  of  any 
length  being  cooled  at  points  away  but  not  more 
than  500  mm  away  from  both  ends  thereof  and  at 
intervals  of  1000  mm  to  2500  mm  in  between; 

h)  clamping  a  given  point  in  the  rear  end  of  the 
pipe  after  sending  the  pipe  to  one  of the  reference 
points  corresponding  to  a  plurality  of  stationary 

clamping  means  provided  in  the  water  vessel  that 
is  chosen  according  to  the  length  of the  pipe;  and 

i)  keeping  a  given  distance  between  the  tip  of  a 
nozzle  spraying  the  cooling  water  and  the  front 
end  of  the  pipe  and  clamping  a  given  point  in  the 
front  end  of  the  pipe  by  moving  a  clamping 
means  adapted  to  slide  with  said  nozzle  in  keep- 
ing  with  the  motion  of  the  pipe  end. 

2.  The  method  according  to  claim  1  which 
comprises  axially  sending  cooling  water  at  high 
speed  at  least  through  the  inside  of  a  steel  pipe 
rotated  at  a  speed  of  30  to  150  rpm. 

3.  An  apparatus  for  cooling  at  least  the  inside  of 
a  steel  pipe  which  comprises: 

a)  means  (3,  4,  5)  moving  a  steel  pipe  (20) 
lengthwise  and  stopping  the  rear  end  thereof  at 
one  of  reference  points  that  is  chosen  according 
to  the  length  of  the  pipe; 

b)  a  plurality  of  means  (9, 10)  clamping  the  pipe 
in  a  quenching  water  vessel  (8)  at  intervals  of 
1000  mm  to  2500  mm,  each  of  the  clamping 
means  being  positioned  in  the  same  positional 
relationship  with  respect  to  each  of  said  reference 
points  so  that  the  pipe  is  at  all  times  clamped  at  a 
point  away  but  not  more  than  500  mm  away  from 
the  rear  end  thereof; 

c)  movable  clamping  means  (12,13)  adapted  to 
be  moved  with  the  position  of  the  front  end  of  the 
pipe  so  that  the  pipe  is  at  all  times  clamped  at  a 
point  not  more  than  500  mm  away  from  the  front 
end  thereof  in  the  quenching  water  vessel; 

d)  a  nozzle  unit  (15)  injecting  cooling  water  to 
the  inside  of  the  pipe,  the  nozzle  unit  being 
mounted  on  the  same  running  car  (11)  as  said 
movable  clamping  means  (12, 13)  so  that  a  given 
distance  is  maintained  between  the  tip  of  the 
nozzle  and  the  front  end  of  the  pipe;  and 

e)  means  controlling  the  position  of  the  nozzle 
unit  comprising  means  (16)  moving  up  and  down 
the  nozzle  according  to  the  outside  diameter  of 
the  pipe  and  means  (17)  moving  back  and  forth 
the  nozzle. 

4.  The  apparatus  according  to  claim  3  compris- 
ing  means  (28, 33)  rotating  the  pipe  being  cooled 
at  a  speed  of  30  to  150  rpm. 

5.  An  apparatus  for  cooling  a  group  of  pipes  of 
different  lengths  which  comprises: 

a)  a  water  vessel  (8); 
b)  pipe  positioning  means  on  the  entry  side  of 

the  water  vessel,  the  pipe  positioning  means 
comprising  a  roller  table  (3)  to  move  a  pipe  (20) 
lengthwise  and  a  stopper  (5)  to  stop  the  rear  end 
of  the  pipe  at  one  of  reference  points  that  is 
chosen  according  to  the  length  of  the  pipe; 

c)  means  (6,  7)  delivering  the  pipe  from  the 
positioning  means  to  the  water  vessel  by  sending 
in  a direction  perpendicular  to  the  axis  of  the 
pipe; 

d)  a  plurality  of  stationary  clamping  means  (9, 
10)  that  are  disposed  along  the  axis  of the  pipe  so 
that  the  individual  clamping  means  are  kept  in  the 
same  positional  relationship  with  said  reference 
points  at  which  the  rear  end  of  the  pipe  is  stopped 
in  the  water  vessel  so  as  to  clamp  the  pipe  at  a 
point  away  but  not  more  than  500  mm  away  from 



the  rear  end  thereof  and  at  intervals  of  1000  mm 
to  2500  mm  throughout; 

e)  movable  clamping  means  (12,  13)  mounted 
on  a  running  car  (11)  to  clamp  the  pipe  in  the 
water  vessel  at  a  point  not  more  than  500  mm 
away  from  the  front  end  thereof  the  position  of 
which  is  varied  with  the  length  of  the  pipe; 

f)  a  nozzle  unit  (15)  mounted  on  the  same 
running  car  as  the  movable  clamping  means  to 
spray  cooling  water  toward  the  front  end  of  the 
pipe; 

g)  means  (14)  moving  the  running  car  over  a 
distance  substantially  equal  to  the  space  between 
said  stationary  clamping  means;  and 

h)  means  (18,  19)  delivering  the  pipe  out  of  the 
water  vessel  by  pushing  in  a  direction  perpen- 
dicular  to  the  axis  of  the  pipe. 

1.  Verfahren  zum  Kühlen  von  Stahlrohren  ver- 
schiedener  Länge,  mit  den  folgenden  Verfahrens- 
schritten: 

a)  Schicken  eines  Stahlrohres  der  Länge  nach 
zu  einem  gemäß  seiner  Länge  gewählten  Punkt; 

b)  Schicken  des  Rohres  in  einer  zu  seiner  Achse 
senkrechten  Richtung  in  einen  Wasserbehälter; 

c)  Einspannen  des  Rohres  im  Wasserbehälter; 
d)  Führen  eines  von  einer  Düse  eingespritzten 

Kühlwasserstromes  für  eine  bestimmte  Zeitdauer 
von  seinem  Vorderende  durch  das  Rohr; 

e)  Lösen  der  Einspannung  des  Rohres  nach  Be- 
endigung  der  Kühlung;  und 

f)  Schicken  des  Rohres  aus  dem  Wasserbe- 
hälter  in  einer  zu  seiner  Achse  senkrechten  Rich- 
tung;  gekennzeichnet  durch 

g)  Festklemmen  der  Radialbewegung  des  zu 
kühlenden  Rohres  jeglicher  Länge  an  Punkten,  die 
von  seinen  beiden  Enden  Entfernt,  aber  nicht 
mehr  als  500  mm  entfernt  sind,  und  in  da- 
zwischenliegenden  Abständen  von  1000  mm  bis 
2500  mm; 

h)  Festklemmen  eines  bestimmten  Punktes  am 
Hinterende  des  Rohres,  nachdem  das  Rohr  zu 
einem  der  Bezugspunkte  geschickt  wurde,  die 
mehreren  im  Wasserbehälter  vorgesehenen 
stationären  Klemmeinrichtungen  entsprechen, 
wobei  der  Bezugspunkt  gemäß  der  Länge  des 
Rohres  gewählt  wird;  und 

i)  Einhalten  einer  bestimmten  Entfernung  zwi- 
schen  der  Spitze  der  das  Kühlwasser  sprühenden 
Düse  und  dem  Vorderende  des  Rohres  und  Fest- 
klemmen  eines  bestimmten  Punktes  am  Vorder- 
ende  des  Rohres  durch  Bewegen  einer  zum  Glei- 
ten  mit  der  Düse  geeigneten  Klemmeinrichtung  in 
Abstimmung  mit  der  Bewegung  des  Rohrendes. 

2.  Verfahren  nach  Anspruch  1,  wobei  Kühl- 
wasser  mit  hoher  Geschwindigkeit  in  Axialrich- 
tung  mindestens  durch  das  Innere  eines  sich  mit 
einer  Drehzahl  von  30  bis  150  U/min  drehenden 
Stahlrohres  geschickt  wird. 

3.  Vorrichtung  zum  Kühlen  mindestens  des 
Inneren  eines  Stahlrohres  mit: 

a)  einer  Einrichtung  (3,  4,  5),  die  ein  Stahlrohr 
(20)  in  Längsrichtung  bewegt  und  dessen  Hinter- 

ende  an  einem  von  mehreren  Bezugspunkten 
stoppt,  der  gemäß  der  Länge  des  Rohres  gewählt 
wird; 

b)  mehreren  Einrichtungen  (9, 10),  die  das  Rohr 
in  einem  Kühlwasserbecken  (8)  in  Abständen  von 
1000  mm  bis  2500  mm  festklemmen,  wobei  jede 
Klemmeinrichtung  bezüglich  jedes  Bezugs- 
punktes  in  derselben  Ortsbeziehung  angeordnet 
ist,  so  daß  das  Rohr  zu  jeder  Zeit  an  einem  Punkt 
eingespannt  ist,  der  von  seinem  Hinterende  ent- 
fernt,  aber  nicht  mehr  als  500  mm  entfernt  ist; 

c)  einer  beweglichen  Klemmeinrichtung  (12, 
13),  die  mit  der  Position  des  Vorderendes  des 
Rohres  beweglich  ist,  so  daß  das  Rohr  zu  jeder 
Zeit  an  einem  Punkt  eingespannt  ist,  der  von 
seinem  Vorderende  im  Kühlwasserbehälter  nicht 
mehr  als  500  mm  entfernt  ist; 

d)  einer  Düseneinheit  (15),  die  Kühlwasser  auf 
die  Innenseite  des  Rohres  spritzt  und  die  auf  dem- 
selben  Laufwagen  (11)  angeordnet  ist  wie  die  be- 
wegliche  Klemmeinrichtung  (12,  13),  so  daß  zwi- 
schen  der  Spitze  der  Düse  und  dem  Vorderende 
des  Rohres  eine  bestimmte  Entfernung  auf- 
rechterhalten  wird;  und 

e)  einer  Einrichtung  zum  Steuern  der  Position 
der  Düseneinheit,  die  eine  Einrichtung  (16)  zum 
Auf-  und  Abbewegen  der  Düse  gemäß  dem 
Außendurchmesser  des  Rohres  und  eine  Einrich- 
tung  (17)  zum  Hin-  und  Herbewegen  der  Düse  auf- 
weist. 

4.  Vorrichtung  nach  Anspruch  3,  mit  einer  Ein- 
richtung  (28,  33)  zum  Drehen  des  zu  kühlenden 
Rohres  mit  einer  Drehzahl  von  30  bis  150  U/min. 

5.  Vorrichtung  zum  Kühlen  einer  Gruppe  von 
Rohren  verschiedener  Länge  mit: 

a)  einem  Wasserbehälter  (8); 
b)  einer  Rohrpositioniereinrichtung  auf  der  Ein- 

trittsseite  des  Wasserbehälters,  die  einen  Roll- 
gang  (3)  zum  Bewegen  eines  Rohres  (20)  in 
Längsrichtung  und  einen  Anschlag  (5)  zum  Stop- 
pen  des  Hinterendes  des  Rohres  an  einem  von 
mehreren  Bezugspunkten  aufweist,  der  gemäß 
der  Länge  des  Rohres  gewählt  wird; 

c)  einer  Einrichtung  (6,  7)  zum  Liefern  des 
Rohres  von  der  Positioniereinrichtung  zum 
Wasserbehälter  durch  Schicken  des  Rohres  in 
einer  zu  seiner  Achse  senkrechten  Richtung; 

d)  mehreren  stationären  Klemmeinrichtungen 
(9,  10),  die  derart  entlang  der  Achse  des  Rohres 
angeordnet  sind,  daß  die  einzelnen  Klemmein- 
richtungen  in  derselben  Ortsbeziehung  mit  den 
Bezugspunkten  gehalten  werden,  an  denen  das 
Hinterende  des  Rohres  im  Wasserbehälter  ge- 
stoppt  wird,  um  das  Rohr  an  einem  Punkt,  der  von 
seinem  Hinterende  entfernt,  aber  nicht  mehr  als 
500  mm  entfernt  ist,  und  durchgehend  in  Ab- 
ständen  von  1000  mm  bis  2500  mm  einzu- 
spannen; 

e)  eine  auf  einem  Laufwagen  (11)  angeordnete 
bewegliche  Klemmeinrichtung  (12,  13)  zum  Ein- 
spannen  des  Rohres  in  dem  Wasserbehälter  an 
einem  Punkt,  der  nicht  mehr  als  500  mm  von 
seinem  Vorderende  entfernt  ist,  dessen  Position 
sich  mit  der  Länge  des  Rohres  ändert; 

f)  einer  Düseneinheit  (15),  die  auf  demselben 



Laufwagen  wie  die  bewegliche  Klemmeinrichtung 
angeordnet  ist  und  die  Kühlwasser  gegen  das 
Vorderende  des  Rohres  sprüht; 

g)  einer  Einrichtung  (14),  die  den  Laufwagen 
über  eine  Entfernung  bewegt,  die  im  wesentlichen 
gleich  dem  Zwischenraum  zwischen  den  stationä- 
ren  Klemmeinrichtungen  ist;  und 

h)  einer  Einrichtung  (18, 19),  die  das  Rohr  durch 
Drücken  in  einezur  Achse  des  Rohres  senkrechte 
Richtung  aus  dem  Wasserbehälter  herausbewegt. 

1.  Un  procédé  de  refroidissement  de  tubes 
d'acier  de  différentes  longueurs,  qui  comprend  les 
stades  consistant  à: 

a)  déplacer  un  tube  d'acier  selon  sa  direction 
longitudinale  jusqu'en  un  point  choisi  en  fonction 
de  sa  longueur; 

b)  déplacer  le  tube  selon  une  direction  perpendi- 
culaire  à  son  axe  dans  un  récipient  d'eau; 

c)  bloquer  le  tube  dans  le  récipient  d'eau; 
d)  faire  passer  un  courant  d'eau  de  refroidisse- 

ment,  injecté  par  une  buse,  dans  le  tube  à  partir  de 
son  extrémité  avant  pendant  une  période  de 
temps  donnée; 

e)  supprimer  le  blocage  du  tube  à  la  fin  du 
refroissement;  et 

f)  déplacer  le  tube  hors  du  récipient  d'eau  selon 
une  direction  perpendiculaire  à  son  axe;  caracté- 
risé  en  ce  que 

g)  on  bloque  le  mouvement  radial  du  tube  de 
longueur  quelconque  en train  d'être  refroidi  en  des 
points  espacés  mais  de  pas  plus  que  500  mm  de 
ses  deux  extrémités  et  à  des  intervalles  intermé- 
diaires  de  1000  mm  à  2500  mm; 

h)  on  bloque un  point donné  à l'extrémité  arrière 
du  tube  après  déplacement  du  tube  à  l'un  des 
points  de  référence  correspondant  à  une  pluralité 
de  moyens  stationnaires  de  blocage  prévus  dans 
le  récipient  d'eau  lequel  est  choisi  en  fonction  de  la 
longueur  du  tube;  et 

i)  on  maintient  une  distance  donnée  entre  le  nez 
de  la  buse  pulvérisant  l'eau  de  refroidissement  et 
l'extrémité  avant  du  tube  et  bloque  un  point  donné 
à  l'extrémité  avant  du  tube  par  déplacement  d'un 
moyen  de  blocage  adapté  pour  glisser  avec  ladite 
buse  en  accord  avec  le  mouvement  de  l'extrémité 
du  tube. 

2.  Le  procédé  selon  la  revendication  1,  qui 
consiste  à  envoyer  axialement  l'eau  de  refroidisse- 
ment  à  grande  vitesse  au  moins  à  l'intérieur  d'un 
tube  d'acier  entrainé  en  rotation  à  une  vitesse  de 
30  à  150 t/min. 

3.  Un  appareillage  pour  refroidir  au  moins  l'inté- 
rieur  d'un  tube  d'acier,  qui  comprend: 

a)  des  moyens  (3,4,5)  déplaçant  un  tube  d'acier 
(20)  selon  sa  direction  longitudinale  et  arrêtant  son 
extrémité  arrière  à  l'un  des  points  de  référence  qui 
est  choisi  en  fonction  de  la  longueur  du  tube; 

b)  une  pluralité  de  moyens  (9,  10)  bloquant  le 
tube  dans  un  récipient  d'eau  de  trempe  (8)  à  des 
intervalles  de  1000  à  2500  mm,  chacun  des 
moyens  de  blocage  étant  placé  dans  la  même  rela- 
tion  de  position  par  rapport  à  chacun  desdits 

points  de  référence  afin  que  le  tube  soit  à  tous 
moments  bloqué  en  un  point  espacé  mais  de  pas 
plus  que  500  mm  de  son  extrémité  arrière; 

c)  des  moyens  mobiles  de  blocage  (12,  13) 
adaptés  pour  être  déplacés  avec  la  position  de  l'ex- 
trémité  avant  eu  tube  de  telle  sorte  que  le  tube  soit 
à  tous  moments  bloqué  en  un  point  qui  n'est  pas 
éloigné  de  plus  de  500  mm  de  son  extrémité  avant 
dans  le  récipient  d'eau  de  trempe; 

d)  une  unité  à  buse  (15)  injectant  l'eau  de  re- 
froidissement  à  l'intérieur  du  tube,  l'unité  à  buse 
étant  montée  sur  le  même  chariot  mobile  (11)  que 
lesdits  moyens  mobiles de  blocage  (12,13)  de telle 
sorte  qu'une  distance  donnée  soit  maintenue  entre 
le  nez  de  la  buse  et  l'extrémité  avant  du  tube;  et 

e)  un  moyen  contrôlant  la  position  de  l'unité  à 
buse  et  constitué  par un  moyen  (16)  déplaçant vers 
le  haut  et  vers  le  bas  la  buse  en  fonction  du 
diamètre  extérieur  du  tube  et  un  moyen  (17) 
déplaçant  la  buse  vers  l'avant  et  vers  l'arrière. 

4.  L'appareillage  conforme  à  la  revendication  3, 
comprenant  des  moyens  (28, 33)  faisant tourner  le 
tube  en  train  d'être  refroidi  à  une  vitesse  de  30  à 
150 t/min. 

5.  Un  appareillage  pour  refroidir  un  groupe  de 
tubes  de  différentes  longueurs  qui  comprend: 

a)  un  récipient  d'eau  (8); 
b)  des  moyens  de  positionnement  du  tube 

placés  sur  le  côté  entrée  du  récipient  d'eau,  les 
moyens  de  positionnement  du  tube  comprenant 
une  table  à  rouleaux  (3)  pour  déplacer  un  tube  (20) 
selon  sa  direction  longitudinale  et  une  butée  (5) 
pour  arrêter  l'extrémité  arrière  du  tube  à  l'un  des 
points  de  référence  qui  est  choisi  en  fonction  de  la 
longueur  du  tube; 

c)  des  moyens  (6,  7),  déchargeant  le  tube  des 
moyens  de  positionnement  dans  le  récipient  d'eau 
par  déplacement  selon  une  direction  perpendicu- 
laire  à  l'axe  du  tube; 

d)  un  pluralité  de  moyens  stationnaires  de 
blocage  (9,10)  qui  sont disposés  le  long  de  l'axe du 
tube  de  façon  que  les  moyens  individuels  de 
blocage  soient  maintenus  dans  la  même  relation 
de  position  avec  lesdits  points  de  référence  où 
l'extrémité  arrière  du  tube  est  arrêtée  dans  le 
récipient  d'eau  afin  de  bloquer  le  tube  en  un  point 
espacé  mais  de  pas  plus  que  500  mm,  de  son  extré- 
mité  arrière  et  à  des  intervalles  de  1000  mm  à  2500 
mm  sur  toute  sa  longueur; 

e)  des  moyens  mobiles  de  blocage  (12,  13) 
montés  sur  un  chariot  mobile  (11)  de  façon  à 
bloquer  le  tube  dans  le  récipient  d'eau  en  un  point 
écarté  de  pas  plus  que  500  mm  de  son  extrémité 
avant  et  dont  la  position  est  modifiée  avec  la  lon- 
gueur  du  tube; 

f)  une  unité  à  buse  (15)  montée  sur  le  même 
chariot mobile  que  les  moyens  mobiles  de  blocage 
afin  de  pulvériser  l'eau  de  refroidissement  vers 
l'extrémité  avant  du  tube; 

g)  un  moyen  (14)  déplaçant le  chariot  mobile  sur 
une  distance  sensiblement  égale  à  l'espacement 
entre  lesdits  moyens  stationnaires  de  blocage; 

h)  des  moyens  (18, 19)  déchargeant  le tube  hors 
du  récipient  d'eau  par  poussée  selon  une  direction 
perpendiculaire  à  l'axe  du  tube. 










	bibliography
	description
	claims
	drawings

